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INTRODUCTION

In spite of the long tradition of the shore displacement
studies around the Baltic Sea, there are still many
1ssues, such as the number of transgressions and re-
gressions, timing of different stages and their spatial
distribution, which are still awaiting elaboration and
revision. Estonia is situated in an uplifring area and
serves as an excellent object for such studies, because
1ts coastal formations are located at different altitudes
and the land uplift 1s ongoing at a maximum rate of 2.8
mm yr' (Vallner et al. 1988). Recently the Geographic
Information System (GIS) technologies opened up an
opportunity to reconstract more precise palasogeo-
graphical maps of the spatial distribution of the Baltic
Ice Lake. As for such reconstruction a large set of prox-
15 1s needed, a local shoreline database was compiled.

K. Pirna (1960, 1962) and H Kessel (1972, 1975) were
the first to undertake archiving of shoreline data bue
this work was mnterrupted by their death. After about a
twenty-vear standstill the creation of Estonian shore-
line database became topical once again in the light of
new technical approaches and improved knowledge on
the development of the Baltic Sea history (Svensson
1989, 1991; Bjdrck 1995; Uscinowicz 1999, 2006;
Andrén et al. 2002; Jakobsson et al. 2007).

In this paper we present initial data on the Baltic Ice
Lake shore displacement in Estoma, discuss the late
glacial development and distribution of the proglacial
lakes and revise some earlier proposed opimions. The
shoreline database of proglacial lakes A and A, is
published earlier (Vassiljev et al. 2005) and, therefore,
not repeated here. The aim of the current study was
to enhance the Baltic Ice Lake database, to elaborate

35



palaeogeographical maps on 1ts spatial distribution in
Estomia and neighbouring areas using pomnt kriging
mterpolation and complex of terrain modelling op-
erations, and to specify the water-level stand during
different stages of the BIL.

REGIONAL BACKGROUND

During the 1ce retreat from Estonia five ice marginal
zones have been distingmished (Fig. 1) supplemented
by several proglacial lakes, which area. depth and
extent changed concurrently with the retreating ice
margin (Raukas et al. 1971). Isostatic land uplift de-
termined the shore displacement of proglacial lakes at
various elevations.

Fig. 1. Map of the study area with indication the main ice
marginal positions.

During the first stages of the Baltic Sea almost half
of Estonian territory was inundated by water. The larg-
est proglacial lakes A, and A, were developed between
13.300-12.700 cal BP west of the Pandivere and Sakala
uplands and m the Peipsi and Vértsyarv basins. They
left several benches, beach ridges. boulder fields and
dunes on the upland slopes. now positioned at different
elevations (Ramsay 1929; Parts 1933; Lackene 1959;
Pirna 1960, 1962; Kessel & Raukas 1979; Vassiljev
et al. 2005; Rosentan 2008). After the retreat of the
1ce margin from the northem slope of the Pandivere
Upland water level in the proglacial lake lowered and
about 13,000 cal BP the ice margin reached close to the
southern coast of Finland{Lunkka et al. 2004).

Due to the ice re-advance at about 12,700-12.800
cal BP the Palivere-Nomme proglacial lake (A;) was
formed, which created near Tallinn Minniku and
MNémme glaciofluvial deltas at an elevation of 5248 m
a.s.l (Kiinnapuu 1962; Pdma 1962). The ice distribu-
tron lumit during this stage 1s marked by marginal for-
mations in western and by glaciofluvial plains and ice
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COntact slopes (up to 20 m high) 1n northern Estonia.
In several places glaciofluvial deposits cover varved
clays (Raukas et al. 1971; Karmukipp & Mikalauskas
1972) that together with the landform orientation
towards the ice advance, affirm the oscillation of the
retreating ice. Frve OSL dates from Minmbku sandy
deposits do not offer a reliable age of their formation,
varying between 80,500 and 10,000 vears (Raukas
2004; Raukas & Stankowski 2005). These low lying
plateau-like marginal formations 1n Finland and Es-
toma (Manmiku, Némme) were earlier mnterpreted as
glaciofluvial deltas that represent the proglacial lake
“g" (A; 1 Estonia) level ca 25 m lower of the Baltic Ice
Lake (BILI) level (Sauramo 1958; P4ma 1962; Donner
1982; Kessel & Raukas 1982; Glickert 1995).

The detailed sedimentological studies at Salpaus-
selkd I by Fyfe (1990) showed that actually these low
lying glaciofluvial plateau-like plains are overlapping
fans formed below the water surface, which means
that their surface did not imndicate the proglacial lake
water level position. Most likely, the above-mentioned
plateau-like margmal formations i Estonia were also
deposited below the water surface. Linkrus (1976,
1981) suggested that the glaciofluvial deltas south
of the Palivere ice margmal formations are not real
deltas but limnoglacial terraces as glaciofluvial plains
smoothly return to limnoglacial ones.

The wide distnbution of subaquatic waterlain gla-
cial diamictons formed during the Palivere stadial at
a depth of 50-60 m below the Baltic Ice Lake water
table (Kalm & Eadastik 2001) could also serve as an
argument for the higher water level during deposition
of Palivere and Némme marginal plams, than assumed
earlier. In this case there was not necessanly a nise
of water level before 1t stood at the BIL I level, as
mentioned Donner (1995, p. 105). Hitherto, all earlier
reconstructions have shown a drastic water level fall
(25-30 m) from the proglacial lake A, level to the A,
(Palivere-Némme) level (Pima 1960; Kessel & Raukas
1979: Donner & Raukas 1989, 1992).

MATERIAT AND METHODS

Shore displacement data were derived from dif-
ferent published and unpublished sources of Estomia
(see Appendix), Latvia (Grinbergs 1957; Veinbergs
1979), NW Russia (Shmaenck et al. 1962) and southern
Finland (Domner 1978). Collected proxies served as
basis for compiling palacogeographic maps. shoreline
1sobases and diagrams. The age of different shorelines
15 grounded on biostratigraphical records, varve counts
(Hang 1997) and correlation with icemarginal zones
(Kalm 2006; Saarnisto & Saarmen 2001).1C dates
from the coastal formation are absent due to lacking
of suitable for dating material and the OSL dating has
not vielded reliable results so far (Raukas 2004; Raukas
& Stankowsk: 2005).

The creation of the Estonian shoreline database
started once again five vears ago (Saarse et al. 2003;



Vassiljev et al. 2005; Rosentau et al. 2007). At present
the late glacial shoreline database covers in total more
than 700 sites. Simulations showed that roughly half of
the data could be directly used in statistical analyses.
The other half of data does not match simulation re-
quirements due to inaccurate coordinates, elevations or
erroneous correlation of different shorelines. It means
that all earlier published material was thoroughly
checked before mclusion mto a uniform database. A,
coastal formations have been identified in 83 different
sites. from which 40 sites were used in the stmulation.
The database of proglacial lake A, includes 66 sites,
42 of which meet the requirements of stmulation (Vas-
siljev et al. 2005). Altogether 53 ponts from Estoma
have been considered to characterise coastal formations
of BIL I stage. 37— BIL II and 82 — BIL I1I (Appendix).
Of the total of 274 points finally 172 matched to the
BIL characteristics (Appendix).

Point kriging interpolation with the linear trend
approach was used to create interpolated surfaces
of water levels for different stages of BIL. Kng-
ing is advantageous because 1t interpolates accurate
surfaces from irregularly spaced data and 1t 1s easy
to identify outliers in the data set. Residuals for the
whole database were calculated to check whether
there was any potential site, wlich could match with
BIL shoreline characteristics. Then the mterpolated
water level surfaces were smoothed using residuals
(the difference between the actual site altitude and the
mterpolated surface).

A modern Digital Terrain Model (DTM) with a
grid size of 200200 m was generated from the Digital
Base IMap of Estonia on a scale of 1:50 000 (Estomian
... 1996), Shuttle Radar Topography Mission (Inter-
national ... 2004) and Topography of the Baltic Sea
(Seifert et al. 2001) elevation data. Reconstruction
of BIL shorelines and bathymetry was based on GIS
analysis, by which interpolated water-level surfaces
and average thickness of Holocene peat deposits from
Estonian territory were systematically removed from
the modern DTV (for further explanation see Rosentan
etal., 2007).

RESULTS AND DISCUSSION

During the deglaciation two main proglacial lake
systems were developed: Peipsi-Pihkva in the east
and A; and A; (Voose, Eemba) in the west (Lookene
1959; Pirna 1960; Ravkas & Rihni 1969; Raukas et
al. 1971; Kessel & Rauvkas 1979; Hang 2001). The
eastern proglacial system started to develop during
the Haanja-Luga Stade about 15,700-14.700 cal BP
(Fig. 1: Kalm 2006). As the ice retreated further north
the area of the proglacial lake gradually enlarged but
1ts water level lowered due to the shifting outlets and
1sostatic rebound.

During the Pandivere Stade (Fig. 1) large progla-
cial lake A; in western Estonia and Vortsjary basin
emerged which left coastal formations on the slopes

of the Pandivere and Sakala uplands between 41-93
m a.s.l (Vassiljev et al. 2005). Modelled distribution
of A; proglacial lake along the 1ce border at ca 13,300
cal BP is displaved in Fig. 2. The water depth reached
50 m in the West Estontan Lowland and 40 m m the
Peipsi basin. This promoted sedimentation of varved
clays, now widely distributed. Pollen records evidence
that glaciolacustrine sediments of this proglacial lake
started to accumulate during the Older Dryas and the
sedimentation continued in the Allered (Pirrus & Sarv
1968). A strait in the Emajdg Fiver valley formed
the main link between the eastern and western glacial
lake systems and ensured their comparable water level
(Rosentau et al. 2007). A narrow strait could also ex-
15t in north Estonia directly i front of the 1ce margin.
A, formed an elongated belt of the Baltic Ice Lake in
which the Pandivere Upland together with Vooremaa
formed a huge 1sland (Fig. 2).

Fig. 2. Palaesogeographic reconstmuction of the water level
swrface 1sobases, shoreline and bathymetry of the proglacial
lake stage A, (Voose) in Estonia and neighbouring areas.
Black dots are coastal landforms vsed in reconstruction

The proglacial lakes west and east of the Pan-
divere Upland joined up about 13,000 cal BP (Vas-
siljev et al. 20035) and the proglacial lake A, (known
also as Kemba) was formed (Fig. 3). This event has
been considered the beginmng of the Baltic Ice Lake
(Evasov & Raukas 1970). Most recent studies have
indicated that A, proglacial lake could have emerged
later, about 12,700-12,800 cal BP during the Palivere
Stade (Rosentau et al. 2007). This 1s supported by
varve chronology, according to which 1t took at least
470 years for the ice margin to retreat from the Pandi-
vere to the Palivere marginal zone (Hang 1997). The
coastal landforms of proglacial lake A, are located at
lower altitudes than those of A; (Appendix). The strait
north of the Pandivere Upland formed now the main
comnection between A, and Peipsi proglacial lakes.
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Fig. 3. Palaeogeographic reconstruction of the water level
surface isobases, shoreline and bathymetry of the proglacial
lake stage A, (Kemba) in Estonia and neighboning areas.
Black dots are coastal landforms vsed in reconstruction

shown in Appendix.

The former stratts through Emajdgi and Navesti Raver
valleys narrowed considerably. The proglacial lake A,
covered a large area in western Estomia with its water
depth reaching over 40 m. Glacial lake Peipsi was not
so deep as the western one; its depth reached ca 25 m
(Fig. 3). The biostratigraphy of proglacial lake sedi-
ments has been studied in several localities. The results
show that these sediments started to accumulate in the
Allergd (Pirrus & Sarv 1968; Kessel & Pirrus 1982).

The isobases of the proglacial lakes A; and A,
show a relatively regular pattern of the uplift only
in the WW part of the study area (Figs 2, 3). In the
southern part 1sobases curve remarkably towards
southeast, being up to 8 m higher than expected from
the regional pattern. The main reason for that seems
to be an anomalously low tilting gradient, which was
revealed by correlation of over-deepened river mouths
of the Emajdgi, Alya and Obdekh rivers (Mudel et al.
1995) and the late glacial river terraces (Hang et al.
1964; Hang et al. 1995). This phenomenon can reflect
the forebulge effect during the glaciation and its later
collapse (Rosentau et al. 2007). Fig. 4 displays water
level stand in the surroundings of Tallinn and Pirnu,
which differ from the earlier reconstruction, where the
drastic water level fall (ca 25 m) from the A, (Kemba)
to A; (Palivere-Némme) proglacial lake was shown. In
the present paper we have questioned the existence of
the A; proglacial lake at all, but our suggestion needs
1o be controlled more precizely in the future.

During the ice retreat from the Palivere marginal
zone to the Salpausselks [ ndges a considerable rear-
rangement of the proglacial lake drainage system oc-
curred in Estonia. Connection of Vértsjirv and Peipsi
with the BIL was ternunated via straits and were con-
verged to the river valleys (Fig. 5). The above-named
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Fig. 4. Reconstructed water level curve for surroundings of
Tallinn and Parou. The curve 15 derived from the interpolated
water level surfaces (Saarse et al. 2003; Vassiljev et al. 2005
Saarse et al. current paper).

lakes started to develop as 1solated shallow bodies of
water. A remarkable number of BIL I sites (86) refers
to the possibility that its shoreline was formed dur-
ing a long standstill of the ice margin, obviously at
Salpausselksi I position about 12,300-12.100 cal BP
{Saarnisto & Saannen 2001). Awide vanety of coastal
formations (beach ridges. scarps. dunes and boulder
fields) have been recorded. At present coastal forma-
tions of BIL [ fringe the northern and western slopes
of the Pandivere and Sakala uplands between 70 and
36 masl (Appendix). The shoreline of BIL I stage iz
morphologically well developed in the western slope
of the Sakala Upland (Fig. 5).

Fig. 5. Palaeogeographic reconstruction of the water level
surface 1sobases, shoreline and bathymetry of the Baltic Ice
Lake stage I (BCILI} Black dots are coastal landforms nsed

in reconstruction shown in Appendix.

The coastal formations of BIL II stand quite close
to those of BIL I dispersed commonly at 2—3 m lower



Fig. 6. Palasogeographic reconstruction of the water level
surface isobases, shoreline and bathymetry of the Baltic Ice
Lake stage IT (BIL IT). Black dots are coastal landforms used
in reconstruction shown in Appendix.

elevations, between 68 and 36 mas.l (Fig. 6; Appen-
dix). Of the total number of points (52) 15 have been
singled out during the simulation. Lake Petpsi and
Especially Lake Virtsjarv were considerably shallow
basins. Obviously, the beach formations of BIL 1T were
formed during the retreat of 1ce margin behind the first
Salpausselki ridges at about 12,000 cal BP when the
regression was slowed down (Gliickert 1979).

During the ice margin standstill at the Second
Salpausselki ridges (Ss II) about 11, 800-11.600 cal
BP (Saarmisto & Saarinen 2001) a well developed
coastline of BIL 11T was formed. BIL ITT formations
i1 Estomia have been registered m 124 powmnts (42 are
singled out from simulation) between 68 and 32 mas.L
{Appendix). Probably they were formed during the
transgressive phase. The magnitude of transgression
n the northwestern part of Estoma was estimated to
be about 3—5 m. The basal sand of Younger Drvas age
overlain by silt, mtercalated with Bryales remains in the
mire of central Estonia 1s considered as an evidence of
this transgression (Kessel 1972). Glaciofluvial deposits
on the coastal sediments at Kunda Huemiis (Kessel
1975; Moora & Moora 1996) also verify a transgres-
ston. Among landforms, marking the BIL III coastline
on the western slope of the Sakala Upland, dunes are
quate frequent. The openness of the area to the westerly
winds and lithology of the Quaternary and Palasozoic
deposits determuned their development. In northem
Estonia terraces are more frequent.

The sparial distribution of BIL I1I 1s visualised
the map (Fig. 7) showing a rather intended coastline
with several bays. especially on the northern and
northwestern slopes of the Pandivere Upland., in the
river mouths and klint bays. In the Peipsi depression
a small water body was left. This 15 1n good accord

Fig. 7. Palaeogeographic reconstruction of the water level
surface 1sobases, shoreline and bathymetry of the Baltic Ice
Lake stage IIT (BIL IIT). Black dots are coastal landforms
used in reconstruction shown in Appendix.

with the earlier palasogeographic reconstruction and
water level curve (Orvilu 1960; Hang etal. 1995). The
Vortsyirv basin was very shallow or dry dunng most
of season (Moora & Raukas 2004). At the end of the
Younger Dryas about 11,590-11.690 cal BP BIL water
level lowered (Stronberg 1992 Byorck 1995; Andrén et
al. 2002; Rasmussen et al. 2006) and left few scattered
beach formations between 58 and 45 mas 1 altogether
in 51 sites. In Estonia these formations have been con-
nected with the BIL IV and V phases. The pattern of
the Baltic Ice Lake 1sobases (Figs 5-7) 1s rather regular.
Thus, our data do not display any changes in 1sobases,
especially BILIIT in nuddle Estoma, as Orvilon (1960)
and Pima (1962) stated 1t.

CONCLUSIONS

A digital shoreline database of the Baltic Ice Lake
coastal formation has been created and that for Esto-
mia was made accessible for the public domaimn. The
highest shoreline of the A, proglacial lake (Voose) was
formed concurrently with or before the formation of
the Pandivere ice marginal zone ca 13,300 cal BP. The
age of the proglacial lake A, (Kemba) 15 not ultimately
defined (13.000 or 12.800/12.700 cal BP). Digital
reconstruction of shorelines shows that the proglacial
lake A, formed an elongated bay of the Baltic Ice Lake
and can be regarded as the first stage of the Baltic [ce
Lake in Estorua.

A tentative shore displacement curves at the Tallinn
and Parmu 1sobase were reconstructed, where the low
water level prior to the BILI stage was discarded. The
earlier opimion that ties up the elevation of the delta
surfaces near Tallinn with the low water level prior
to BIL I was questioned. Lakes Vartsjarv and Peipsi
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1solated from the Baltic Ice Lake before the BIL I stage,
between 12_800-12.300 cal BE.

Simulated 1sobases of A; and A, proglacial lakes
show a relatively regular pattern of the land uplift
along the Baltic coast, with a steeper tilt to northwest.
Isobases in the southem part of the Peipsi depression
are curving towards southeast being up to 8 m higher
from the regional trend. This phenomenon can reflect
the forebulge effect during the glaciation and 1ts later
collapse.
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Appendix

Coastal formation database. In the simulations the lowest altitude values were used. Indexes according to

authors cited.

Site name : M_ Altitnde Type of landform| Index Feferences Residual
Latitude | Longitude masl m
BILI
Aidundmme 59%19°457°27°05°40° 45-46 beach ridge B Tammekann 1926  -0.68
Auksaare SE716°307°23°09°207 40 abraded coast BIITII Vasrsiet al. 1968 -0.12
Iila 5052072377 26°39°107 39 beach ridge B Tammelkann 1926 0.04
Jalevere 58°36°00°°23°24°057 44 beach ridge BI Vasrsiet al. 1968 0.06
Jarvakandi 58°46°40°°24°48°207 34 beach ridge BI Keszel 1973 -0.26
Eanalkiila 58°14°107°25°10°157 30 boulders BI Wadrsi et al. 1968 0.04
Kangrusaare 38°367457725%437107 43.6 scarp BI Parmna 1962 0.30
Eam 58°31°107°25°21°007" 432 beach ridge BI Vadrsi et al. 1968 -0.02
Eipsu 58°21°587725°19°307 40 beach ridge BI Wadrsi et al. 1968 0.07
Konju 59°23°557727°35°457 44 beach ridge B Tammekann 1926  -0.13
Eoze FOE09°325710°207 ae beach formations BI Pérna 19620.51
Eullamaa 58°36°157725°32°507 435 beach ridge BI Wadrsi et al. 1968 0.02
Eorkldiila 59°26°057726°56" 54-55 beach ridge B Tammelkann 1926 0.37
Laagna 50°237207°27°58° £} beach ridge B Tammekann 1926  0.14
Labida 58°32°387725°21°157 425 dune BI Vadrsiet al. 1968 -0.05
Labida 58%32°397725°22°167 43 dune BI Wadrsi et al. 1968 0.44
Laikszaare 38067307 24°41°507 385 scarp BITI Parna 1962 -0.23
Lagtsi 58°34°477725°33°417 432 abraded coast BI Vadrsiet al. 1968 -0.48
Loobu 59°28°457725°53°577 a3 ridge BI Eeszel 1980 -0.46
Maalaste 58%357187°25°40°55" 432 abraded coast BI Vasrsiet al. 1968 -0.51
Maalaste 5853572577 25°40°24” 43 dunes BI Wadrsi et al. 1968 0.33
Martsa 50°25°40°°27°28°257 48-49 ridge B Tammelann 1926 0.20
Massiam ST30°357724°34°507 367 beach formations BITII Pama 1962 0.29
Merindli 58%02°407°24°36°4077 312 beach formations BI/II Parna 1962 -0.42
Merindli N 58°037107°24°37°257 385 beach formations A, Parna 1962 0.53
Muticja 58%33°087°25°22°517 43 ridge BI Wadrsd et al. 1968 0.30
Minnilu 58%31°207°25°20°50° 432 beach ridge BII Parts 1933 -0.07
Minnilu 58%31°207°25°21° 43 beach ridge BI Wadrsd et al. 1968 0.92
WNepste SEF037 307 2473y 385 beach ridge As Parna 1962 0.34
WNombra 587137127°25°15 a6 scarp BI Parna 1962 -0.72
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scarp EI
boulders EI
beach ridge EI
beach ridge EI
ridge E
scarp, beach ridge BI
ridge B
boulders BI
dune BI
dunes, boulders BI
beach ridgs BITI
ridge B
beach ridge BI
beach ridgs BI
sCarp BIII
beach ridgs BILTII
beach ridge BI
abraded coast BI
sCarp B
sCarp BI
beach ridgs BI
ridge B
abradedcoast BI
sCarp BII
beach formation BII
beach dune BII
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sCarp BII
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ridge B
ridge EIlI
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boulders BII
sCarp BII
dune BII
SCarp BI
beach

formation BIIT
beach ridgs BILTII
ridge BI
sCarp BII
beach formation BII
beach formation BII
beach sand BI
dune BII
dune BII
dune EBII
dune BILTII
scarp EII
dune BI
scarp EIIT
beach ridgs BILTII
beach ridgs BII
sCarp BII
islet BII

Parts 1933

Vadrsi et al. 1968
Vadrsi et al. 1968
Wadrsi et al. 1968
Tammelann 1926
Pirna 1962
Tammekann 1926
Wadrsi et al. 1968
Wadrsi et al. 1968
Wadrsi et al. 1968
Lackene 1939
Tammekann 1926
Pirna 1962
Wadrsi et al. 1968
Kesszel 1980
Pérna 1962

W Adrsi et al. 1968
Wadrsi et al. 1968
Tammekann 1926
Pérna 1962
Wadrsi et al. 1968
Tammekann 1926
Wadrsi et al. 1968

Pérna 1962
Pérna 1962
Pérna 1962
Ramsay 1929
Pirna 1962
Pérna 1962
Pérna 1962
Tammekann 1926
Ramsay 1920
Orviku 1948
Pérna 1962
Pérna 1962
Pérna 1962
Kesszel 1975

Pirna 1962
Pérna 1962

W adrsi et al. 1968
Pérna 1962
Pérna 1962
Pérna 1962
Wadrsi et al. 1968
Pérna 1962
Lackene 1939
Pirna 1962
Lackene 1939
Keszel 1980
Pérna 1962
Pérna 1962
Pérna 1962
Lackene 1939
Pérna 1962
Eessel 1980

017
0.06
-0.05
077
0.10
-0.27
-0.19
-0.58
-0.02
034
-0.28
032
045
021
012
-0.09
-0.55
021
-0.13
033
025
-0.02
-0.35

-0.39
-0.16
047
0.08
-0.47
022
022
0.00
022
0383
-0.64
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D6l
055

038
-0.24
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-0.09
-0.16
-0.14
023
-0.44
-0.02
-0.72
-0.48
-0.25
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-0.01
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013
004
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Tammekann 1926 -0.44
Kezzel 1972 -0.30
Pérna 1962 016
Pérna 1962 0.08
Wadrsietal 1968  -0.09
Pérna 1962 0.21
Tammekann 1926 -0.64
Wadrsietal 1968 -0.33
Wadrsi et al. 1968 0.14
Wadrsietal 1968 -034
W adrsi et al. 1968 0.00
Wadrsietal 1968 -0.18
Ramsay 1929 -0.17
Wadrsietal 198 -0.27
Ramsay 1920 023
Pérna 1962 0.59
Pérna 1962 054
Eeazel 1975 0.38
Pérna 1962 -0.29
Parts 1933 095
Tammekann 1926  0.07
Tammekann 1926 0.05
Wadrsietal 1908 022
Ramsay 1920 -0.87
Keazel 1972 -0.13

Tammmekann 1926 0.04

Laokene 1959 0.52
Pirna 1962 -0.18
Pirna 1962 -0.07
Eeazel 1980 0.54
WVadirsietal 1968 -0.13
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