
The Nordic countries have experienced multiple glacia-
tions and intervening interglacials during the last ca. 2.5–3
million years. Although evidence from Greenland and Ice-
land shows that ice sheets started to expand some time
before 3 Ma, little is known about the glaciations and inter-
vening interglacials older than the last Glacial Maximum
due to repeated phases of glacial erosion and reworking.
The extensive Saalian glaciation (c. 140 ka BP) con-
tributed to high sea levels in Greenland and in the Baltic
area during the early part of the last interglacial (Eemian).
Temperatures were about 5 ºC higher during the Eemian
than they are today and the Greenland ice sheet was
reduced to about half of its present size, causing globally
higher sea levels than we have today. Ice extent in
Fennoscandia was restricted during early Weichselian sta-
dials, but middle Weichselian ice advances in Scandinavia
reached as far as Denmark. During the Last Glacial Maxi-
mum, large ice sheets were present in all Nordic countries
and coalesced with neighboring ice sheets. Deglaciation
commenced around 17–15 ka BP in most areas and was
promoted by rapidly rising global sea level and glacial
isostasy. The Younger Dryas cold event(c. 12.6–11.5 ka
BP) is seen as a short-term re-advance, still-stand or fluc-
tuation of land-based ice sheet margins. Around 7–9 ka BP
ice sheets had disappeared or had attained their present
size. While uplift is still going on in some regions, others
are subject to submergence. The different stages of devel-
opment of the Baltic Sea are an example of how the intri-
cate interplay between glacial eustasy and isostasy influ-
ences sedimentation, basin size and drainage patterns.

Intr oduction

The Nordic countries have experienced multiple glaciations and
interglacials during the course of the Quaternary time period, i.e. the
last c. 2.5 million years (Ma). Ice sheets and glaciers shaped much of
the present-day landscapes and isostatic rebound, combined with
eustatic sea level changes left profound traces. The paleoenviron-
mental and paleoclimatic development during the early and middle
part of the Quaternary, i.e. prior to the Last Glacial Maximum

(LGM, c. 21 ka BP [thousand years before present]) is only poorly
known since the ice sheets successively eroded and reworked older,
underlying strata. In areas where the LGM ice sheet base was frozen
to its bed, older glacial landforms are, however, well preserved and
offer insight into earlier histories of ice sheet advance and retreat.
The different parts in this review present the present state of knowl-
edge regarding the Quaternary in the Nordic countries (Figure 1) and
are organised and written by those most familiar with the regions
(Greenland, Iceland, Finland) and/or topics (ice sheet behaviour and
Baltic Sea development). 

Greenland during the Quaternary

The Greenland ice sheet, which now occupies 80% of the land, may
have started to grow during Late Eocene times (Eldrett et al., 2007)
and the glacial landscape with its fjords and glacial troughs was
probably formed before the onset of the Quaternary. Till exposures
on land, ice-rafted debris in the Greenland Sea, and seismic studies
on the shelf show that the ice sheet expanded onto the shelf of north-
ern and eastern Greenland at the beginning of the Quaternary. How-
ever, the trough mouth fans, which were built along the shelf break,
are much smaller than their Norwegian counterparts (see chapter on
Norway), which indicates that the hallmark of the Greenland ice
sheet—its stability and inertia towards climate change—has pre-
vailed throughout the Quaternary. The ice sheet apparently disap-
peared during Early Quaternary interglacials, as inferred from the
sediment succession of the Kap København Formation (c. 2.4 Ma), a
sequence with a unique record of terrestrial and shallow marine envi-
ronments close to the northern tip of Greenland (Funder et al., 2001).
This may have been the last time when Greenland was ice free,
although DNA analyses of basal ice in a core from central Greenland
indicate that this site and probably large areas in southern Greenland
also were ice free, and covered by forest at some time between 0.4
and 0.8 Ma (Willerslev et al., 2007). Apart from this, very little
information exists about Greenland's environment during the first 2
Ma of the Quaternary.
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Figure 1 Map of the Nordic countries (reproduced with
permission of Martin Jakobsson, Stockholm University).



Glacio-isostatic uplift after the melting of the extensive Saalian
ice sheet left wide-spread Early Eemian marine sediments on land in
northwest and east Greenland. The rich marine faunas bear evidence
of stronger than Holocene advection of warm Atlantic waters along
the Greenland coasts. Terrestrial plant remains indicate summer
temperatures, as much as 5°C warmer than present (Cape-Last 
Interglacial Project Members 2006). Melting of the Saalian ice sheet
is estimated to have contributed 2–4 m to the Eemian high sea level,
which was 5–7 m higher than during the Holocene and implies that
the ice sheet was 33–50% smaller than at present (e.g. Otto-Bliesner
et al., 2006) (Figure 2a). During the LGM the Greenland ice sheet
covered an area of c. 3 million km2, i.e. 40% more than today (Fun-
der et al., 2004). In the north it merged with the Laurentide ice sheet
of North America, and in the southwest, its margin was close to the
western margin of the Icelandic ice cap (Figure 2b). Ice break up
began c. 15 ka BP with the clearance of the shelves and may have
been triggered by sea level rise. Large plough marks produced by ice
bergs with a keel depth of 950 m off West and East Greenland testify
to this phase of deglaciation (Kuijpers et al., 2007). Before the
Younger Dryas (12.8–11.5 ka BP) the shelf and major inlets had
apparently been cleared of ice. However, athough ice cores distinctly
show the Younger Dryas cooling, the response of the ice margin is
not clear. In some areas it may have advanced, while it retreated in
others (Denton et al., 2005; Jennings et al., 2006). During the Early
Holocene (c. 11.3 ka BP), retreat was under way in all parts, but the
duration, amount, and rate varied from area to area (Bennike and
Björck, 2002), as shown by the varying altitudes of the marine lim-
its. Maximum altitudes of 160 m occurred in coastal West Green-
land, while marine limits in the northwest and southeast were only
20-30 m above sea level (Funder and Hansen, 1996). Before 7.5 ka
BP the present state of glaciation had been attained in most parts.
After this, the margins withdrew behind their present location, pos-
sibly as much as 40 km in some areas (Weidick, 1993). The area
uncovered during the first phase of deglaciation, i.e. the clearance of
the shelf, amounted to c. 0.8 million km2, while the second phase,
i.e. melting and calving in fjords, uncovered only c. 0.4 million km2.
This is an expression of the ice sheet's remarkable stability.

Pollen and other climate proxies show that cooling began at 
c. 5.5 ka BP (Funder and Fredskild, 1989) and relative sea level
curves show that at this time uplift changed to subsidence due to
increased ice loading (Sparrenbom et al., 2006). The culmination
was reached between c. 1880 and 1925 AD, although the event was

not time-synchronous. Thereafter, glaciers began to retreat again in
most parts and marked retreat phases occurred between 1925 and
1940 and since 1995 (Weidick, 1996; Wake et al., 2007).

Quaternary history of a volcanic island

Iceland has a Late Cenozoic record of glaciations starting in the
Pliocene, more than 3 Ma ago. Signatures of at least 20 glaciations
are preserved in Iceland's stratigraphy, due to continuous volcanism;
during glaciations, till was deposited and during interglacials, sedi-
ments accumulated in basins and soils developped on top of till beds.
Interglacial lava flows capped the sediments and preserved it from
erosion. A key site at Tjörnes contains strata that span the Pliocene-
Pleistocene transition. The 1,200 m thick sequence of lavas and sed-
iments contains 14 glacial horizons of tills, as well as marine-to-lit-
toral regression sediments, lake sediments and soils (Figure 3). The
Tjörnes record shows that glacial conditions first occurred in coastal
north Iceland about 3 Ma, and that ice sheets large enough to reach
outside the present coast developed after 2.5 Ma (Geirsdóttir and
Eiríksson, 1994; Buchard and Símonarson, 2003). Apart from the
stratigraphical evidence for repeated growth of ice sheets since late
Pliocene, the Icelandic landscape bears witness to the action of glac-
iers through time: glacially eroded valleys and fjord troughs charac-
terize coastal western, northern and eastern Iceland, whereas hyalo-
clastite ridges and Table Mountains signify subglacial volcanism
during periods of extensive Quaternary glaciations.

During the LGM Iceland was covered by an ice sheet that
reached out towards the shelf break (Figure 4), as shown by a num-
ber of marine geological and seismostratigraphical studies (Andrews
et al., 2000). It was drained by large ice streams entering major
fjords and bays around the island (Hubbard et al., 2006). Ice thick-
ness over the central highlands is not well known, but geomorphic
and volcanologic data suggest maximum thicknesses of 1500±500 m.
Nunataks occurred in coastal areas on northern and eastern Iceland.
Available data indicate an onset of deglaciation starting before 16 ka
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Figure 2  The Greenland ice sheet extent. (a) Minimum ice extent:
among several models, this is the smallest-option for the Eemian. I t
is presupposed that 3.4 m of Eemian " excess sea level"  came from
Greenland. The site of the Dye 3 ice core (red dot) was earlier
considered to have been ice free in the Eemian, but recent DNA
studies indicate that it was ice covered; adapted from Otto-Bliesner
et al. (2006). (b) Ice extent at the LGM (c. 15 ka BP), based mainly
on field observations and bathymetrical, seismic and coring evidence
from the shelf. The blue color denotes shelf areas which may have
been dry land; adapted from Ehlers and Gibbard (2004).

Figure 3  Stratigraphy of Tjörnes in northern Iceland showing 14
glacial horizons since 2.5 MA, modified after Einarsson (1968).



BP off northern Iceland and c. 15.4 ka BP off western Iceland. After
15.4 ka BP deglaciation was extremely rapid, and probably con-
trolled by rapidly rising global sea levels causing the ice sheet to
destabilize and collapse (Syvitski et al., 1999; Ingólfsson and Nord-
dahl, 2001). By 13.8 ka BP, the ice fronts were within the present
coastline of Iceland. Relative sea level stood at the marine limit in
western Iceland, at 150 m a.s.l. at c. 15 ka BP, but was followed by a
rapid regression as Iceland's oceanic crust rebounded quickly in
response to decreased glacial loading (Norddahl and Pétursson,
2005). Once inside the coast the ice sheet started growing again, cul-
minating in a significant Younger Dryas advance. Ice sheet growth
was accompanied by a transgression which culminated at c. 12.1 ka
BP. After a brief early Preboreal (c. 11.2 ka BP) glacial advance,
accompanied by a few meters of transgression in the coastal areas,
the ice sheet disintegrated rapidly and glaciers were at or within pre-
sent glacier limits prior to 9 ka BP (Björck et al. 1997; Rundgren et
al.,  1997; Norddahl and Pétursson, 2005). Due to the extremely
rapid isostatic rebound, Iceland has been subject to a Holocene
transgression since c. 10.2 ka BP (Ingólfsson et al., 1995). 

Quaternary ice sheets formed the face of
Scandinavia—examples from Norway 

Quaternary glaciations formed the beautiful landscape in western
Norway, including the spectacular deep fjords (e.g. Sognefjord,
1305 m b.s.l.). Including down-cutting above sea-level, the glacial
erosion amounted to 2 km in several places along Norwegian fjords.
Glacial erosion products were deposited as large wedges along the
continental margin and as thick beds in the North Sea and Denmark–
Germany. The Scandinavian Ice Sheet, which grew out from the
mountain chain along the Norwegian-Swedish border, expanded
some 40–50 times during the last 2.6 Ma (Mangerud 2004). During
periods of maximum extent (Figure 5) it coalesced with the British,
Barents Sea, Svalbard and Kara Sea ice sheets to form an Eurasian
Ice Sheet, almost reaching the Black Sea (Svendsen et al., 2004).

Two types of major glacial depressions are recognized on the
shelf (Figure 6). Transverse troughs, normally over-deepened to
400–500 m in their inner reaches, are most often seaward extensions
of fjords. The longitudinal channels generally follow the boundary
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Figure 4   Extent of the Icelandic ice sheet at LGM and Younger
Dryas modified after Hubbard et al. (2006).

Figure 5   The Eurasian Ice Sheet during the Saalian (white), the
Last Glacial Maximum (red line), and maximum extension before
the Saalian (stipled green), modified after Svendsen et al. (2004).

Figure 6   Model showing the main glacigenic morphological elements and lithofacies of the Norwegian continental margin, exemplified by
the margin off of northern Norway; modified after Vorren and Mangerud (2006).



between sedimentary rocks on the shelf and crystalline rocks on the
coast. Channels and troughs acted as drainage routes for ice streams
(e.g., Vorren and Laberg, 1997; Sejrup et al., 1996; Ottesen et al.,
2005). Mega-scale lineations, from hundreds of meters to several
tens of kilometers in length, show former pathways for fast-flowing
ice streams; the two largest were the Norwegian Channel ice stream
and the Bear Island Trough ice stream, each 150–200 km wide at the
mouth. Iceberg plough marks (normally at depths of less than 500 m)
and iceberg turbate are found in many areas on the shelf, whereas
morphological elements such as moraine ridges, lineations and
glacitectonic forms (Figure 7) are similar to those found on land. 

The thickness of glacigenic sediments varies between 0 and 
c. 300 m on the shelf. Much thicker prograding wedges were
deposited along the continental margin, resulting in a shelf break
migration of up to 150 km. Off mainland Norway, this growth was
largely a response to Quaternary glaciations during the last c. 2.5
Ma. A major change in sediment transport routes is recorded at
0.8–1.1 Ma, reflecting larger Scandinavian ice-sheets. In the western
Barents Sea an early phase of wedge growth was (glacio-) fluvial in
character (Dahlgren et al., 2005). Particularly large accumulations
are found in the trough mouth fans that contain up to 4 km-thick
packages of glacigenic sediments, including glacimarine debris flow
deposits of 2000 km3, with a run-out distance of up to 200 km. The
debris flows consist of remobilized sediments from till deltas/
grounding-zone wedges deposited by ice streams at the shelf break.
The long run-out distance might be due to hydroplaning. On the
steeper continental slopes, the glacigenic sediments might have been
transported directly to the deep-sea by turbidity currents, through
channels, and accumulated in deep-sea fans and/or drifts.

The glaciations triggered a number of processes leading to sea-
level changes. In Scandinavia, there are unique possibilities to
describe these in great accuracy for the post-glacial period, because
numerous lake basins have bedrock thresholds. When sea level was
above the threshold, marine sediments were deposited in the basin;
when high tides just reached the threshold, brackish sediments were
deposited, and when sea level was even lower fresh water sediments
were deposited. By coring the lake and dating the brackish sediments
a sea level index point is obtained, i.e., the age and altitude of a cer-
tain sea level at the site, and by investigating lakes at different alti-
tudes a relative sea- level curve can be constructed. An example
from western Norway is shown in Figure 8 (Lohne et al., 2007).

Following the deglaciation, sea level dropped due to onset of
glacio-isostatic rebound. Halt in rebound and rise in the local geoid
level, both forced by a glacial re-advance, led relative sea level to
move up during the Younger Dryas, followed by a fast drop at the
onset of the Holocene. Many lake basins were inundated by the
Storegga tsunami (8.2 ka BP) which was created by the huge
Storegga slide on the continental margin off western Norway (Bon-
devik et al., 1997). The Tapes transgression, reaching its maximum
level at 7 ka BP, was caused by deglaciation in Antarctica and/or
North America, and subsequently glacio-isostatic rebound slowly
caused regression to the present shore line.

Interstadial lakes and shallow arctic
seas: gateways for ice streams in SW-
Scandinavia 

The Weichselian ice age repeatedly experienced rapid, high ampli-
tude climatic changes between sudden warming events (interstadial
conditions) followed by gradual cooling and a return to cold, stadial
conditions. A number of so-called Greenland Interstadials which
occurred at the beginning of longer cooling trends are registered dur-
ing Marine Isotope Stage (MIS) 3 and have been correlated to the
North European climate record. 

In contrast to numerical models of the evolution of the Scandi-
navian Ice Sheet (SIS), stratigraphic evidence indicates at least four
glacial advances between (MIS) 4 and 2 (Houmark-Nielsen, 2007,
Houmark-Nielsen and Kjær, 2003). Clast provenances in tills indi-
cate glacier flow twice via the Baltic Basin and twice via the Skager-
rak-Kattegat trough (Figure 9). Rapid flowing ice in land based sec-
tors of the SIS, which reached far south of the glaciated uplands,
could have been initiated by the development of an expanded zone of
basal melting beneath a steep gradient ice sheet. Instability, which
was enhanced by melt water, caused ice-bed decoupling over large
areas and may eventually have led to marginal collapse and surging
through soft, water-saturated sediments bordering the SIS
(Houmark-Nielsen, 2003; Kjær et al., 2003). Fine-grained freshwater
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Figure 7   Inferred ice flow pattern, location and extent of trough
mouth fans during large ice ages on the Norwegian continental
margin, modified after Vorren and Mangerud (2006).

Figure 8   A sea level curve for the last 15 ka BP from the island of
Sotra, west of Bergen showing 40 m emergence interrupted by two
periods of relative sea level rise. Modified from Lohne et al. (2007).



and marine sediments with an interstadial flora and fauna were
deposited during MIS 3 in ice dammed lakes and narrow fjords in the
Baltic Basin and the Kattegat trough. The regional distribution of
former land-based ice streams in southern Scandinavia and in the
North European lowlands seems closely related to the location of
such an easily deformable substrate. The ice marginal collapse and
out flow of streaming ice could have been triggered by abrupt warm-
ing, which was responsible for an ameliorated climate during MIS 3,
when low arctic terrestrial biota and boreal-arctic marine waters
occupied north-western Europe. 

When Northern Hemisphere ice sheets experienced their largest
expansion during MIS 4 and 2, slow and steady inter-stream flow was
draining the SIS in central and southern Sweden, while prior to and just
afterwards, rapid and canalized land-based ice streams were flowing
along the Skagerrak-Kattegat trough and the Baltic depression respec-
tively. Glaciation chronologies suggest that ice streaming occurred
under relatively high glacio-eustatic sea level and ameliorated climate
and that streaming episodes seem to have been out of phase with the
global ice volume evolution, but might have been synchronous with
regional climate trends. Alternatively, ice streaming could have been
caused by internal ice sheet dynamics, which operated independently
or out of phase with North Atlantic climate forcing.

Scandinavian Ice Sheet history in
Finland and NW Russia 

The bedrock of Finland consists almost entirely of Precambrian
crystalline rocks upon which there is a relatively thin cover of
mainly glacial Quaternary sediments. Stratigraphic and geochrono-
logical investigations of sediments deposited during the Eemian
interglacial (c. 130–116 ka BP) and the following Weichselian
(116–11.5 ka BP) make it possible to reconstruct a relatively detailed
history of the major events that took place during the last inter-
glacial/glacial cycle (Saarnisto and Lunkka, 2004). The extensive
Saalian glaciation caused a strong glacio-isostatic depression which
led to an open sea connection between the Baltic and White Sea

basins during the Eemian interglacial (Figure 10). Marine Eemian
clays beneath Weichselian till have been discovered in many locali-
ties. Their pollen and diatom content indicates that the passage
between the White Sea and the Baltic Sea persisted for several thou-
sand years (Ikonen and Ekman 2001, Miettinen et al., 2002), while
mollusc data suggest only a short period of true marine conditions
(Funder et al., 2002). 

Subsequent to the Eemian Interglacial, ice began to build up in
the Scandinavian mountains and the SIS eventually spread into adja-
cent areas to the east and northeast (Figure 11). It covered northern
Finland and eastern Lapland at c. 90 ka BP (Lunkka et al., 2004; Hel-
mens et al., 2007), while southern and central Finland remained ice
free during the entire Early Weichselian (c. 116–74 ka BP) (Saar-
nisto and Lunkka, 2004). After the Odderade interstadial (MIS 5a),
the ice sheet started to grow again and extended across Finland
towards the east and southeast. It obtained its largest extent around
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Figure 10  The extent of the Eemian Sea at around 120 ka BP
between the Baltic and White Sea basins, modified after Saarnisto
et al. (2002). 

Figure 11   Time-distance diagram from the Gulf of Bothnia (A)
to the Vologda area (B) and from the Scandinavian mountains to
the Norwegian Shelf  (see inset map) showing the fluctuations of
the Scandinavian Ice Sheet during the Weichselian. Greenland
ice core temperature reconstructions (according to Johnsen et al.,
2001) are also shown for comparison; modified after Saarnisto
and Lunkka (2004) and Mangerud (2004). 

Figure 9  Distribution of shallow arctic seas and proglacial-
interstadial lakes in southern Scandinavia. Arrows indicate ice
streaming of Norwegian and Baltic provenance.



65–60 ka BP when present-day Finland was entirely ice
covered (Saarnisto and Lunkka, 2004). Deglaciation
commenced around 55 ka BP and periglacial conditions
prevailed in southern and central Finland and even in
eastern Finnish Lapland between c. 40 and 25 ka BP
(Lunkka et al., 2001, 2004, Helmens et al., 2007). The
final and relatively rapid advance of the SIS took place
during the Late Weichselian, when Finland and an exten-
sive area in northwest Russia became ice covered in less
than 10 ka between 25 and 17 ka BP (Lunkka et al.,
2001). Within the present dating resolution, the fluctua-
tions of the eastern flank of the Scandinavian ice sheet
were in phase with fluctuations that took place along the
western flank of the ice sheet in Norway (Saarnisto and
Lunkka, 2004). 

Deglaciation of the eastern flank of the SIS was rapid
and completed in less than 10 ka (Saarnisto and Lunkka,
2004). The deglaciation can be traced by an analysis of
glacial landforms, especially end moraines and eskers. The
most remarkable and distinct Younger Dryas (12.6–11.5 ka
BP) end moraine zone comprises the Salpausselkä end
moraines in Finland and their correlatives in Russian Kare-
lia, the Keiva moraines on the Kola Peninsula and the end
moraines around the Norwegian coast and in central Swe-
den (Andersen et al., 1995). 

The Baltic Sea development
—a review 

Nordic Quaternary geology is tightly linked with the
development of the Baltic Sea because of an intricate
interplay between glacial eustasy and isostasy. The
Baltic Sea history is well known since the last deglacia-
tion (Björck, 1995), but only little information exists for
earlier time periods, with the exception of the last inter-
glacial (Eem, 128–115 ka BP), when a connection, via
Karelia, existed between the Baltic Sea and the White
Sea during the initial part of the Eemian (Funder et al.,
2002 ). 

The first Baltic Sea stage, the Baltic Ice Lake, came
into existence shortly after southernmost Sweden
became ice free. It developed in front of the melting ice
margin and received melt water from the decaying ice
sheet as well as from large proglacial rivers. The outlet of the Baltic
Ice Lake was situated in the Öresund region, where thick glacial
deposits covered the chalk bedrock. The out-flowing water easily
eroded the threshold and cut gradually deeper into the glacial
deposits as the threshold kept rising. Around 14 ka BP, the out-flow-
ing water had eroded most of the glacial deposits down to the flint
dominated bedrock. The cessation of the erosion, combined with iso-
static uplift in the Öresund region being larger than the sea level rise,
led to a shallowing of the threshold. This caused a damming up of
the Baltic Ice Lake, a transgression in the southernmost part of the
Baltic, and a reduced regression in the remainder of the basin. At c.
13 ka BP, the ice margin was situated at the southern margin of the
south-central Swedish low-land area (Figure 12a). The elevation of
this area was, because of the isostatic depression, considerably lower
than the threshold in the Öresund region, and the Baltic Ice Lake was
dammed up 5–10 m a.s.l. Deglaciation of this southern margin at the
water divide (Mt. Billingen) led to this first, poorly documented,
drainage of the Baltic Ice Lake, with a new pathway for the waters
towards the west. This may have lowered the level of the Baltic by
5–10 m and created a land bridge between Denmark and Sweden in
the former outlet area in Öresund. The immigration of plants and ani-
mals to southern Sweden was facilitated, and the Baltic Ice Lake
waters continued to drain westwards through the low-land area in
south-central Sweden for another 300–400 years. Around 12.8 ka

BP, at the start of the Younger Dryas cold period, the ice front started
to re-advance and finally “closed” the connection between the sea in
the west and the Baltic in the east. Meanwhile, the former threshold
in the Öresund had risen even higher above sea level. The Baltic
basin was once more dammed up above sea level. Towards the end
of the Younger Dryas period, the level of the Baltic Ice Lake was 25
m higher than sea level, dammed up by the rising Öresund threshold
in the south. A slight warming trend at around 12 ka BP caused the
ice sheet to start retreating again. This led to a sudden and rapid
drainage of the Baltic Ice Lake at Mt. Billingen through the south-
central Swedish lowlands at 11.7 ka BP. Detailed studies have
shown that the water level in the Baltic Ice Lake dropped by 25 m
within only 1–2 years with the release of 7000–8000 km3 of water
(Jakobsson et al., 2007) producing large lobes of drainage deposits
west of Mt. Billingen. The drainage led to distinct changes in the
south western part of the Baltic, where the area around the former
land bridge between Denmark and Sweden had increased in size.
This land bridge facilitated a rapid immigration of plants and ani-
mals and humans into southern Sweden at the beginning of the
Holocene. The rapidly melting ice sheet in south-central Sweden and
the isostatically depressed areas in south central Sweden later
allowed incursion of marine waters towards the east.

The second Baltic Sea stage (Figure 12b), the Yoldia Sea
(11.6–10.7 ka BP) started once the Baltic had reached sea level; it is
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Figure 12   Baltic Sea stages and the extent of the Scandinavian ice sheet,
modified after Björck (1995). The sequence of pictures illustrates (a) the time of
the first drainage of the Baltic Ice Lake at c. 13 ka BP; (b) the Yoldia Sea stage
at c. 11.3 ka BP, when southern Sweden and Denmark were connected by a land
bridge, which facilitated a rapid immigration of plants and animals at the start
of the Holocene; (c) the Ancylus Lake stage at c. 10.5 ka BP and (d) at c. 10.2 ka
BP. The present-day shoreline is indicated by a full black line. 



named after the glaciomarine shell Portlandia (Yoldia) arctica,
which has been found in sediments in south-central Sweden. During
a few hundred years in the middle of this stage, saline water reached
as far as Finland and the southern Baltic. Rapid land uplift in south-
central Sweden led to a shallowing of the connecting sounds and the
Yoldia Stage came to an end. Drainage from the Baltic to the west
coast was through Lake Vänern and further west through two river
valleys. However, the rapid uplift of these outlets finally led to a new
damming stage of the Baltic, the so-called Ancylus Lake Stage
(10.7–9.8 ka BP), named after the freshwater snail Ancylus fluviatilis
(Figure 12c, d). Since the Baltic level was regulated by uplift of the
outlet area west of Lake Vänern, areas south of this isobase i.e. from
southwestern-most Finland and southwards experienced a transgres-
sion; the further south the more extensive was the transgression,
reaching a maximum of c. 20 m. The highest water level of the Ancy-
lus Lake stage, which also marks the end of the Ancylus transgres-
sion, is today visible as distinct beach ridges on both sides of the
Baltic. A sudden fall of the Ancylus Lake at 10.3 ka BP, the Ancylus
regression, implies that erosion had created a new outlet, most likely
through the German-Danish area, Darss Sill-Fehmarn Belt-Great
Belt, where a large fluvial-lacustrine system was established around
this time. The first signs of salt water in the Baltic, at around 9.8 ka
BP, mark the end of the Ancylus Lake stage and show that marine
water occasionally was able to penetrate through the long fluvial sys-
tem in the Denmark, the so-called Dana River. 

The last Baltic Sea stage, the Littorina Sea, named after the
mollusc Littorina littorea, leads over to the present day Baltic Sea.
From this time onwards, relative sea level changes were only gov-
erned by global sea level and local land uplift, but it would take at
least another millennium before it became a truly brackish sea. Dur-
ing the early Littorina Sea stage land areas in the southern Baltic
experienced a transgression, because there land uplift had ceased.
Around 9.0–8.5 ka BP the sea level rise became more rapid than
uplift in southern Sweden and coastal areas became transgressed,
and transgression of the Öresund threshold (–7 m) allowed more
marine water to enter the Baltic. During the following 3000 years
five different transgression periods are recognized in the southern
Baltic and have been related to global sea level changes as a conse-
quence of melting of remaining ice sheets. The salinity of the Litto-
rina Sea reached maxima during these transgressions and the con-
comitant high productivity led to oxygen deficiency in the bottom
waters. Recurrent oxygen deficiency has been linked to increased
salt water ingression and an often warmer environment, while colder
conditions led to decreased salt content in the Baltic Sea waters.
Since c. 5 ka BP the Baltic Sea level is only determined by the appar-
ent uplift, highest today in northern Sweden with 8–9 mm/yr and
lowest in the very south with –1 mm/yr. 
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