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Abstract. The Tallinn area was recovered from the Weichselian ice sheet not later than 13 000�12 800 cal yr BP but remained for 
ca 1500 years under the waters of the Baltic Ice Lake (BIL). The highest parts of Tallinn emerged from the BIL after its drainage 
about 11 600 cal yr BP. At the beginning of the Yoldia Sea stage the present city area was submerged by sea water, except for the 
highest parts of Viimsi, Lasnamäe and Nõmme. At the end of the Yoldia Sea stage the Ülemiste, Pääsküla and Männiku basins 
isolated from the sea. During the Ancylus Lake transgression about 10 300 cal yr BP the highest coastline at 34�36 m a.s.l. 
broadly outlined the klint escarpment. The Litorina Sea transgressional coastline at 7800�7600 cal yr BP and beach formations at 
21�22 m a.s.l. are less developed than the Ancylus ones and often covered by aeolian deposits. Toompea arched north as a cape in 
the Litorina Sea and the previous Viimsi Island joined with the mainland. During the Limnea Sea stage (4400 cal yr BP up to the 
present, the highest coastline at ca 12 m a.s.l.) land increased mostly at the back of Kakumäe and Kopli bays. The Kakumäe 
Peninsula obtained its outline about 2800 years ago, the Kopli Peninsula ca 1000 years later. The Paljassaar Peninsula was the 
latest to be formed ca 100 years ago. The attached palaeogeographical maps display shore displacement during the different stages 
of the Baltic Sea in the vicinity of Tallinn. 
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INTRODUCTION 
 
Several freshwater to brackish-water stages have been 
determined in the Baltic Sea history (e.g. Munthe 1910, 
1940; Berglund 1964; Kessel & Raukas 1979; Björck 
1995). The balance between land uplift and water 
level rise due to meltwater and river discharge caused 
connection with the ocean or isolation from it (Lampe 
2005). So, the Baltic Sea has largely influenced the 
development of coastal areas, including the city of 
Tallinn. Being located on the neotectonically uplifting 
coast, the highest parts of the Tallinn area started to 
emerge from the sea after the drainage of the Baltic Ice 
Lake (BIL) about 11 600 years ago. Several palaeo-
geographical maps and shoreline reconstructions of the 
Tallinn area have been compiled (Tammekann 1934, 
1940; Künnapuu & Raukas 1976; Kessel 1979; Kessel 
et al. 1986; Lepland et al. 1995). The proxy data used in 
these reconstructions originated from various periods 
and their quality was different. Most of the palaeo-
geographical maps are hand-made and differ from those 
presented in the current study. 

The aims of the present study were to collect shoreline 
data available on the Tallinn region, revise the elevation 
and coordinates of the shoreline sites, and to calculate 

residual and interpolate water level surfaces for different 
stages of the Baltic Sea. The statistical approach and the 
digital terrain model were used to simulate water level 
surfaces and compile palaeogeographical maps, which 
more precisely illustrate the land�sea relationship during 
the evolution of the Baltic Sea. Such maps enable 
archaeologists to study the colonization pattern and 
spread of settlements on the retreating coast and offer an 
improved insight into the development of the Tallinn 
area. 
 
 
STUDY  AREA 
 
Tallinn, with an area of 156.3 km2, is situated in north-
western Estonia, on the southern coast of the Gulf of 
Finland (Fig. 1). Its 46 km long shoreline is indented by 
bays and peninsulas. The northern part of the city is 
located on the fore-klint (coastal) lowland, the southern 
part on the limestone plateau with a steep northern 
margin known as the North Estonian Klint which runs 
through the city. The klint was described in detail by 
Tammekann (1940). The altitude of the southward dipping 
limestone plateau with a thin Quaternary cover is  
40�50 m a.s.l. The carbonaceous bedrock surface is 
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Fig. 1. Location of the study area. 
 
 
dissected by ancient valleys filled in with glacial, glacio-
fluvial, glaciolacustrine and marine deposits of various 
age and thickness (Künnapuu & Raukas 1976; Künnapuu 
et al. 1981) and by hills such as Suhkrumägi (47 m) and 
Lasnamägi (55 m; Fig. 2). Part of the Suhkrumägi cliff 
has been dug off and its seaward edge artificially altered 
during road building (Tammekann 1940). The most 
impressive denudation relief forms are Toompea and 
Viimsi Lubjamägi, which tower to 47 and 50 m a.s.l., 
respectively. Sandy plains at Nõmme and Männiku are 
rather flat, but disjointed due to dunes reaching up to 
63.6 m a.s.l. in the northern part of Nõmme. 

The fore-klint lowland is cut by several depressions 
and elevations (Tammekann 1934; Künnapuu 1975). The 
Harku depression is the westernmost one, followed in 
the east by the Kakumägi and Veskimägi elevations, 
Mustjõe depression and a chain of elevations, which 
continue seawards as the Kopli elevation (Fig. 2). The 
central part of the city lies on the plateau-like elevation 
from which Toompea Hill towers, connected with the 
rest of the plateau by a narrow neck (tombolo). A 
depression extending to Kadriorg and to the foot of 
the klint lies east of Toompea. Because of human 
interference, the initial topography and the shoreline 
of the city have changed considerably. Urban areas 
are covered by fillings commonly 0.5�1 m thick, but 
much thicker in the places of ancient bastions. Most 
of the Holocene coastal accumulation forms have 
been removed and destroyed as a result of intensive 
industrial and building activities and foundation of 
several harbours. 

MATERIAL  AND  METHODS 
 
Palaeogeographical reconstructions presented in the 
current paper are based on GIS analysis, by which 
interpolated surfaces of water levels were removed from 
the digital terrain model (DTM). The DTM was created, 
using 1 : 10 000 and 1 : 25 000 Soviet topographic maps. 
As the initial topography of the city has changed due to 
human activities, the thickness of the cultural layer was 
removed, according to maps compiled by Zobel (2008). 
To correct the DTM elevation and coastline, the Russian 
maps from the end of the 19th century were also used. 
Finally the DTM for the Tallinn area was created with a 
grid size of about 20 m × 20 m. 

The interpolated water level surfaces were derived 
from the BIL, Ancylus Lake and Litorina Sea coastal 
formation databases (Saarse et al. 2003b, 2007), using a 
point kriging approach. Kriging is useful as it interpolates 
accurate surfaces from the irregularly spaced data and 
shows outliers in the data set. Residuals, i.e. the difference 
of the actual site elevation from the interpolated surface, 
were calculated to find out the erroneous data and omit 
sites with residuals more than 1 m. 

The BIL water level prior to the final drainage at 
about 11 600 cal yr BP and the drainage magnitude of 
about 25 m (Björck & Digerfeldt 1989; Andrén et al. 
2002; Jakobsson et al. 2007) were considered in modelling 
the highest Yoldia Sea water level. The Ancylus Lake 
water level was the highest at about 10 300 cal yr BP, 
the Litorina Sea level at 7800�7600 cal yr BP. The 
regressional levels of the Yoldia Sea and Ancylus Lake 
were not modelled, as the database does not yet cover 
those events properly. Palaeoreconstructions for 4400, 
3000, 2000 and 1000 cal yr BP were based on the water 
level fluctuation curve compiled for the Tallinn area 
(Saarse et al. 2007) assuming that land uplift decreased 
linearly after the Litorina Sea transgression. Thus, 
presumably every time slice from the transgression 
maximum onwards could be modelled considering that the 
Litorina Sea water level lowered linearly. This assumption 
is in agreement with Mörner�s (1979) opinion that from 
7800 cal yr BP up to the present the linear factor was the 
main cause of the postglacial uplift in Fennoscandia. 
Studies of Vääna Lagoon also support such a modelling 
approach (Saarse et al. 2009a). Vääna Lagoon isolated 
from the Litorina Sea around 6800�6700 cal yr BP when 
the water level dropped to the threshold elevation at 
18.2 m a.s.l. According to our modelling, this event 
happened at an elevation of 18.4 m a.s.l. So, the error is 
negligible and our modelling scheme seems to be accurate. 

The radiocarbon dates which were used to estimate 
the age of the different stages of the Baltic Sea are 
presented in Table 1. The dates were calibrated according 
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Fig. 2. Modern topography sketch of the Tallinn area. 
 

Fig. 3. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the Tallinn 
area at the beginning of the Yoldia Sea stage about 
11 600 cal yr BP. Reconstruction by J. Vassiljev. 

  
Fig. 4. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the 
Tallinn area during the Ancylus Lake transgression about 
10 300 cal yr BP. Reconstruction by J. Vassiljev. 

Fig. 5. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the Tallinn 
area during the Litorina Sea stage about 7600 cal yr BP. 
Reconstruction by J. Vassiljev. 
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Fig. 6. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the Tallinn 
area at the beginning of the Limnea Sea stage about 
4400 cal yr BP. Reconstruction by J. Vassiljev. 

Fig. 7. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the Tallinn 
area about 3000 cal yr BP. Reconstruction by J. Vassiljev. 

  
Fig. 8. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the Tallinn 
area about 2000 cal yr BP. Reconstruction by J. Vassiljev. 

Fig. 9. Palaeogeographic reconstruction of the water level 
surface isobases (brown lines) and shoreline of the Tallinn 
area about 1000 cal yr BP. Reconstruction by J. Vassiljev. 
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to the calibration data set from Reimer et al. (2004) and 
CALIB5.0.1 software (Stuiver et al. 2005). 
 
 
RESULTS  AND  DISCUSSION 
Deglaciation  pattern 
 
During the last Weichselian glaciation the territory of 
Estonia was covered by a thick ice sheet, which started 
to withdraw from North Estonia about 13 800 cal yr BP 
(Saarse et al. 2009b; Amon & Saarse 2010). Because of 
climate amelioration in the Allerød, the ice margin 
retreated rather quickly. The territory of Tallinn was free 
of ice by 13 000�12 800 cal yr BP, considering the ice 
recession chronology (Kalm 2006) and the age of pro-
glacial lakes in Estonia (Saarse et al. 2007; Rosentau 
et al. 2009), but was still covered by the waters of the 
BIL with the water level at 85�90 m a.s.l. In this large 
and deep glacial lake varved clays of various thicknesses 
deposited (up to 12 m at Mustamäe), lying now between 
29 and 0 m b.s.l. in buried valleys. Varved clays lacked 
organic matter and terrestrial macroremains, which 
hampered their radiocarbon dating, but their pollen 
composition confirms deposition during the Allerød 
interstadial (Kessel & Pirrus 1983). 
 
Palaeoenvironmental  changes  during  the  Holocene 
Yoldia Sea stage (11 600�10 700 cal yr BP) 
 
Due to ice margin retreat in central Sweden about 
11 600 cal yr BP, the BIL was connected to the ocean 
(Andrén et al. 2007). This event was accompanied by a 
drastic water level lowering (25�28 m; Donner 1969, 1982; 
Björck & Digerfeldt 1989) and formation of the Yoldia 

Sea, which determines the period between the BIL 
drainage and the onset of Ancylus Lake. The first phase in 
the Yoldia Sea history was a freshwater stage due to 
vast amounts of meltwater supply and narrow straits at 
Billingen, which protected oceanic water inflow into the 
Baltic basin (Strömberg 1992). In the Gulf of Finland 
marine ingression started about 11 300 cal yr BP and 
lasted to ca 11 200 cal yr BP (Heinsalu & Veski 2007). 
After that the freshwater environment in the Yoldia 
Sea was re-established. 

The Yoldia Sea beach formations in the Tallinn area 
have been documented at an altitude of 40�46 m a.s.l. 
(Kents 1939; Künnapuu 1959; Lepland et al. 1995). 
Figure 3 illustrates the coastline at the very beginning of 
the Yoldia Sea stage and shows the island and islets  
at Nõmme, Lasnamäe, Viimsi and south of the Tallinn 
border. Because of land uplift, islands and islets slowly 
enlarged their area and Sõjamäe and Tondi lagoons were 
outlined on the Lasnamäe limestone plateau (Lepland et 
al. 1995), with a short spit on the coast of Tondi Lagoon. 
The other spit was formed on the southeastern tip of 
Viimsi Island (Kessel 1961). The regressive Yoldia Sea 
left behind beach ridges at Viimsi, Lasnamäe and Väo 
and abraded escarpments into Viimsi, Lasnamäe and 
Harku klint slopes. By the end of the Yoldia Sea stage 
the water level had lowered to 28�29 m a.s.l. in the 
Tallinn area (Saarse et al. 1997, 2007) or even lower, 
considering the altitude of peat in the bottom of Lake 
Maardu (Veski 1998; Heinsalu 2000). Lake Ülemiste 
was split into two shallow water bodies (Saarse & Poska 
2001) and the Yoldia Sea coastline had retreated to  
the pre-klint lowland. Radiocarbon-dated wood from 
L. Maardu and basal peaty gyttja from L. Ülemiste both 
evidence deposition during this low period at the end of 
the Yoldia Sea stage about 10 800 cal yr BP (Table 1). 

Table 1. Radiocarbon dates of Holocene sediments, which have been considered in dating the Baltic Sea stages in the Tallinn region 
 

Site Depth, 
cm 

14C age Laboratory
No. 

Calibrated age, 
cal BP 

Dated 
material 

References 

Ülemiste 670�680 9145 ± 75 Tln-1861 10 315 ± 85 Peaty gyttja Saarse et al. 1997 
Ülemiste 720�730 9300 ± 80 Tln-1856 10 470 ± 170 Peaty gyttja Saarse et al. 1997 
Ülemiste 730�741 9480 ± 95 Tln-1858 10 830 ± 240 Peaty gyttja Saarse et al. 1997 
Sõjamäe 430�450 8915 ± 90 Tln-135 10 050 ± 140 Gyttja Punning et al. 1977 
Maardu 535   9490 ± 110 Ua-2390 10 830 ± 240 Wood Veski 1998 
Maardu 580�590 9655 ± 70 Tln-1313 11 000 ± 190 Gyttja Veski 1998 
Vandjala 88�93 8285 ± 75 Tln-1884 9 275 ± 135 Gyttja Saarse et al. 1997 
Saha 128�132 7635 ± 45 Tln-1916 8 445 ± 60 Gyttja Saarse et al. 1997 
Kroodi   140�150? 7730 ± 80 Tln-2668 8 500 ± 75 Buried peat Saarse et al. 2006 
Viadukti tee 145�150 2795 ± 50 Tln-2568 2 885 ± 75 Peat Saarse et al. 2006 
Lepistiku 190�193   180 ± 60 Tln-2441 175 ± 80 Peat Saarse et al. 2001 
Lepistiku 230�233 2790 ± 60 Tln-2719 2 875 ± 80 Peat Saarse et al. 2001 
Lepistiku 250�253 3780 ± 50 Tln-2504 4 160 ± 75 Peat Saarse et al. 2001 
Pääsküla mire 420�425   8640 ± 100 Ua-15322 9 630 ± 110 Seeds Heinsalu & Veski 2007 
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Ancylus Lake stage (10 700�9800 cal yr BP) 
 
At the onset of the Ancylus Lake stage about 10 700 cal 
yr BP the strait in central Sweden became closed, the 
connection between the Yoldia Sea and ocean was broken 
off and the freshwater Ancylus Lake developed in  
the Baltic basin (Björck 1995). Because of meltwater 
discharge from the still existing glacier, the water level 
in Ancylus Lake started to rise, reaching 34�36 m a.s.l. 
in the surroundings of Tallinn (Ramsay 1929; Tamme-
kann 1934; Kents 1939). The transgression reached its 
maximum, 8�10 m, around 10 300 cal yr BP. The water 
level rise resulted in widespread erosional processes and 
accumulation of beach formations, which consisted of 
shingle, calcareous gravel and sand containing mollusc 
shells of Ancylus fluviatilis, Bithynia tentaculata, Radix 
ovata, etc. (Kessel 1965; Kessel & Raukas 1967). The 
highest shoreline of Ancylus Lake bordered the Lasnamäe 
limestone plateau and extended along the dune ridge 
west of L. Ülemiste and the Nõmme sandy plain slope, 
in general following the klint escarpment (Fig. 4). Viimsi 
and Toompea were still islands. The limestone plateau 
served as dry land with water bodies in the Ülemiste, 
Männiku and Pääsküla basins (Fig. 4). The coastline 
was slightly curving, with bays at the Pirita River mouth 
reaching deep into the mainland and in the depression 
west of Nõmme and Pääsküla (Fig. 4). By the end of the 
Ancylus Lake stage these bays were closed and Viimsi 
and Toompea islands merged with the mainland. The 
fore-klint lowland was still inundated by deep water, 
shoaling towards the south. 
 
Litorina Sea stage (9800�4400 cal yr BP) 
 
At 9800�9500 cal yr BP the Baltic Sea obtained a 
permanent connection with the ocean through the Danish 
Straits, marking the start of the Litorina Sea stage 
(Berglund et al. 2005). This phase was earlier named the 
Mastogloia Sea stage (Hyvärinen 1988; Hyvärinen et al. 
1988), later as the Initial Litorina Sea stage with several 
brackish-water pulses (Andrén et al. 2000) or the Early 
Litorina Sea (Berglund et al. 2005). From 8500 cal yr 
BP onwards a truly brackish Litorina Sea developed and 
the marine gastropod Littorina littorea inhabited the 
Baltic basin. During the transgression maximum the 
Litorina Sea left behind sediments, escarpments and 
beach ridges at 21�22 m a.s.l. in the Tallinn area. The 
exact age of the transgression maximum in the Tallinn 
area is not known due to lack of appropriate radiocarbon 
dates. However, peat at Kroodi (12 km east of Tallinn), 
buried under the Litorina Sea beach ridge (Orviku 1936), 
was dated to 7730 ± 80 14C BP (8500 ± 75 cal yr BP; Saarse 
et al. 2003a; Table 1), which indirectly indicates that the 
Litorina Sea transgression in the Tallinn area started 

later than 8500 cal yr BP. In Saaremaa Island the Litorina 
Sea transgression started about 8200 cal yr BP and 
culminated between 7800 and 7700 cal yr BP (Saarse et 
al. 2009c). These ages are similar to that obtained in the 
eastern part of the Gulf of Finland (Miettinen 2002). 

Our modelling scheme assumes one Litorina Sea 
transgression, however, it is not clear whether there was 
one (Miettinen 2002; Saarse et al. 2009a, 2009c), two 
(Sandgren et al. 2004) or several waves (Yu et al. 2007). 
Still, bio- and chronostratigraphical evidences from the 
Vääna site (25 km west of Tallinn), which lies at a 
similar isobase to that of Tallinn, suggest the occurrence 
of only one transgression between 8000 and 7000 cal 
yr BP (Saarse et al. 2009a). It could be the case that 
two- or threefold transgressions are not reflected in sites 
which lie above the 18�20 m Litorina Sea isobase, in 
contrast to the areas below it, where a threefold Litorina 
Sea trasgression was suggested (Lepland et al. 1996). 
However, small-scale water level changes, not trans-
gressions involving the whole Baltic basin, could cause 
these fluctuations (Eronen 1974; Hyvärinen 1988). The 
water level curve for the North Sea shows the ocean level 
rise during the last 7500 cal yr BP with several smaller, 
0.5�1 m fluctuations (Behre 2007). 

Figure 5 displays the Litorina Sea coastline at 
7600 cal yr BP. This time was chosen to show the merger 
of Toompea Hill with the mainland. At that time the 
coastline ran parallel to the Lasnamäe klint escarpment in 
the northeast, encompassed the Toompea and Tõnismäe 
bedrock hill slopes and turned towards the southwest 
and west in front of the Nõmme sandy plain (Fig. 5). 
Toompea with Tõnismäe and Viimsi elevations formed 
elongate capes in the Litorina Sea (Fig. 5). The Litorina 
Sea beach ridges are less developed than the Ancylus 
Lake ones and frequently buried by aeolian sands. In 
ancient valleys the Litorina Sea sediments are located 
between 11 and 2 m b.s.l., on the Litorina Sea terrace � 
between 12 and 22 m a.s.l. 
 
Limnea Sea stage (4400 cal yr BP�present) 
 
Coastal formations at an elevation of 12�13 m a.s.l. 
have been described in Tallinn by Tammekann (1934) 
and connected with the Limnea Sea development. The 
boundary between the Litorina and Limnea seas has 
been placed at 4000 14C years (Kessel 1965; Donner 
1995; Miettinen 2002), on the basis of the immigration 
of the freshwater mollusc Radix peregra (previously 
known as Lymnaea peregra) into the Baltic basin 
(Kessel 1965). In the latest publications the last stage of 
the Baltic Sea was named Post-Litorina stage, which 
started about 2750 cal yr BP with the decrease in diatom 
assemblages that require marine environment (Andrén 
et al. 2000). The Limnea Sea in the Tallinn area was 
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regressive throughout its development, creating a 
shelving coastal zone. At present the sea intensively 
abrades the klint escarpment on the tip of the Kakumäe 
Peninsula which retreats at a rate of 10 cm per year, 
during stormy years even farther (Suuroja 2006). 
Fine-grained sand and silt are typical deposits of the 
Limnea Sea; coastal deposits are coarser. Sands of the 
Limnea Sea were often removed during construction 
works or coated by a 0.5�1 m, in several places up to 
8�15 m thick cultural layer (Zobel 2008). 

The Limnea Sea coastline was modelled at different 
time slices (Figs 6�9). Kakumäe and Kopli islands and 
several small islets emerged at the beginning of the 
Limnea Sea stage (4400 cal yr BP, Fig. 6) and joined 
with the mainland at different times: Kakumäe Island 
ca 2800 cal yr BP (Fig. 7) and Kopli Island about 
1000 years later (Fig. 8). The last impressive change 
in the Tallinn coastline occurred about 100 years ago, 
when Paljassaar Island merged with the Kopli Peninsula 
(Saarse & Vassiljev 2008). Aeolian processes were rather 
common on the shelving coast of the Limnea Sea, 
coating peat in several places of Tallinn. Buried peat 
deposits at Mustamäe (16.2�17 m a.s.l) started to develop 
ca 5400 cal yr BP and were covered by sand rather 
lately, ca 180 years ago, and peat at the Järvevana site 
was buried by sand about 400 cal yr BP (Saarse et al. 
2001, 2006). Aeolian processes are still active at some 
spots on the Nõmme sandy plain. 
 
 
CONCLUDING  REMARKS 
 
• The Tallinn area has disjointed topography, inherited 

from the glacial exaration and accumulation, marine 
abrasion and accumulation and aeolian processes. The 
altitude of the terrain is between zero and 63.6 m a.s.l. 

• The area surrounding Tallinn was recovered from 
the last ice sheet by 13 000�12 800 cal yr BP, but 
during the following 1500 years was inundated by 
the waters of the Baltic Ice Lake (BIL). 

• The highest parts of Tallinn emerged from the sea 
during the drainage of the BIL about 11 600 cal yr BP. 
Coastal formations related to the Yoldia Sea have 
been described at an altitude of 40�46 m a.s.l. 

• During the Ancylus Lake transgression about 
10 300 cal yr BP the highest coastline followed the 
klint escarpment and slopes of the Nõmme and 
Männiku sandy plain at 34�36 m a.s.l. During the 
Ancylus Lake regression Toompea and Viimsi islands 
merged with the mainland. 

• The Litorina Sea coastline runs close to Ancylus 
Lake, however, at a 12�13 m lower altitude, about 
21�22 m a.s.l. The Toompea and Viimsi elevations 
stretched north as capes. Litorina Sea beach formations 

are less developed than those of Ancylus Lake and 
often covered by aeolian deposits. 

• During the Limnea Sea stage land increased mostly 
on the back of Kakumäe and Kopli bays. The area of 
the Viimsi Peninsula enlarged considerably. Kakumäe 
Island joined with the mainland about 2800 cal yr BP, 
Kopli � ca 1000 years later. Paljassaar was the latest 
peninsula to be formed about 100 years ago. 
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Tallinna  linnaaseme  holotseensed  rannajooned 
 

Leili Saarse ja Jüri Vassiljev 
 
Maakoore neotektoonilise kerke ja veetaseme muutuste tõttu Läänemeres on Tallinna linnaaseme rannajoon oluliselt 
muutunud. Neid muutusi on illustreeritud seitsme paleogeograafilise kaardiga. 
 

 
 

 




