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Abstract. Lake Vortsjarv, with a surface area of 270 km?, has a very complicated geological
history. Proglacial 1akes of different shape and size were formed in the Vortsérv Lowland. Due to
the tectonic uplift outflows to the west closed in the Early Holocene. At the beginning of the Middle
Holocene, about 7500 BP, an outflow to the east developed and little by little the lake acquired
its present contours. Like many lakes in Europe, VOrtsarv has an open eastern (leeward) and a
more swampy and overgrown western (windward) bank. The bottom sediments consist mostly of
sapropel (gyttja), fine sand and silt. The sediments are thicker in the southern part of the elongated
lake basin where the up to 9 m thick layer of sapropel is usually underlain by 8 m of lacustrine lime.
Gradual rise of water level in the southern portion of the basin is caused by land uplift, the rate of
which increases towards the northwest.

Key words: glacial lakes, neotectonic uplift, outflows, sapropel, lake marl, floods.

GEOGRAPHICAL AND GEOLOGICAL SETTING

Lake Vortsjary (58°0'-58°26'N and 25°24'-26°0'E) measures some 270 km’
in area. Its length is 34.8 km, maximum width 14.8 km (Fig. 1), the length of
the relatively straight shoreline 96 km, maximum depth about 6 m, average depth
2.8m, long-term water-level stand 33.63 m, volume 756 million m® of water,
catchment area 3374 km?. The main tributaries number 21 and include fiverivers:
the Véike Emajogi, the Ohne, the Tarvastu, the Ténassiima, and the Rangu
(Fig. 2). The outflow is through the Emajdgi River into Lake Peipsi in the east.
Water-level fluctuations in the contemporary lake are significant (e.g. 35.28 mon
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Fig. 1. Location map of the investigated area (in rectangles Figs. 2 and 4). The fastest land uplift
azimuth (330°) in Lambert projection is shown with arrows.

26 November 1923 and 32.20 m on 6 September 1996). The maximum difference
of the water table is over 3 m and the rise during the spring flood up to 174 cm
(Jaani 1973). In 1922, the maximum annual amplitude was 2.2 m. Wide water-
level fluctuations occurred also in the past, and this hampers the dating and
correlation of ancient shorelines.

In the 19th century, the water level in the lake was about a metre higher than
at present. In the 1920s, the outlet of the Emajdgi was thoroughly dredged and
stone jetties were constructed to block longshore drift hindering the outflow from
the lake.

The bedrock, mostly Eifelian sand- and siltstones of the Middle Devonian
Arukila Regional Stage (Dqar), is exposed only in some places on the eastern
bank, which has a height of 8.5 m at Tamme. The depression around the lake is
covered mainly with glacial and glacioaquatic deposits and peat, in some places
with aeolian and alluvial sandy—silty sediments (Fig. 3). The thickness of the
Quaternary cover is usually lessthan 10 m.

The development of Vartgarv was controlled by the deglaciation processes
and tectonic movements. The contemporary lake has a meridionally elongated
configuration. Tilting of shorelines is the result of a more intensive uplift of the
northern part of the lake, through which runs aso the zero isobase of the land
uplift for the last 10 000 years (Fig. 4). Due to the uneven neotectonic uplift
of the depression, the lake is steadily retreating southward, inundating new
areas. In about 2000 years, its northern part will be dry and the southern part
swampy. The contours the lake will possibly have at that time are depicted in
Fig. 3.
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Fig. 2. Contemporary lakes (1) and the distribution of water bodies during the final stage of Ice
Vortsdrv and the initial stage of Ancient Vortsarv (2) according to their bottom sediments (varved
clay, fine sand and silt).

159



26°10"

26°00'
Sk el

25°50'

1
2
3
4

S NN
NS
/\/\/\/\

20
AN

N
N

g°

o
p=g

"

N
\
-
N
N
~
~
AN
~
AN

o)

iy

o—o
°

A ey

u_o_oio_a_

7

n
N
\/\/\M_ /\/\/\/\ pre

ARG /
NN QNN
N N
NS /\/\/\/O// A \/\/\/ N
- AN /Q/\//\\\\/

JUN N
NN

NN
7 SINN N

YTy

!
g

o

Y
:__..
Kl

iw
le

10km

26°10"

26°00"

25°50"

. 7, kames,

beach ridges of the contemporary lake;

15, clayey-

Fig. 3. Quaternary deposits and landforms in the surroundings of Lake Vortgéarv (in Legend 1-10)

after Raukas & Tavast (1990), and the bottom sediments of the lake (in Legend 11-15) after
Varep (1958): 1, till; 2, glaciaguatic deposits; 3, lake or river deposits; 4, peat; 5, aeolian deposits;

6, drumlins, drumlinoids, and the plausible shoreline of the lake after 2000 years

8, bluffsin the peat; 9, bluffsin thetill or in the bedrock; 10,
11, fine sand and sandy silt; 12, varved clay; 13, mud and gyttja; 14, gyttja on the clay;

silty mud.
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Fig. 4. Distribution of Lake Big Vortgérv (sparsely striped areas) and contemporary lakes (densely
striped areas). Big Vortgjérv is contoured on the basis of lake sediments (loamy gyttja with organic
metter, lake marl, limy silt, and beach sands). For explanation of 1-9 see Fig. 5. 10, the sites
sampled by R. Pirrus and L. Orviku; 11, Haanja—Alapu Nukk transection site; 12, ancient Lake
Parikaand L. Big Parika; 13, transection site near Lebavere.

THE HISTORY OF RESEARCH

The first written references to Vortgarv were in Henrici Chronicon Livoniae
XV:7, XXIV:5, and XXIX:3, compiled in about 1224-27 (Tarvel 1982). Zur
Mihlen (1918) summarized the data of earlier research and the results of the
extensive fieldwork carried out in the environs of Vortsarv in 1911-13. Ramsay
(1929) published a scheme where he graphically depicted the differences of the
postglacial uplift in the present territory of Estonia, calling special attention to
its extent in the southern half of the V értsérv depression.
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The foundation to detailed research into the lake's geology was laid by
L. Orviku (1958) and K. Orviku (1973). The latter distinguished severa stages
in the history of the lake: Glacial Vortgarv (Jaa-Vortsgarv), Primeval Vartgarv
(Urg-Vortgarv), Great Vortsarv (Suur-Vortsiary), and Present Vortgarv (Nuiidis-
Vortgarv).

During these stages both the lake level and dimensions grestly differed from
those at present. In this paper, we use the same stages of the lake but the
names are sightly different: Ice Vortgérv, Ancient Vortsérv, Big Vortgérv, and
Contemporary Vortgarv (Table 1). A short initial phase of Ice Vortsjarv we have
named Small Vortgarv.

In the 1980s, the authors of the present paper together with late Reet Pirrus
started a complex geological research of the Vortgarv depression, including
the monitoring of the lake shores, the mapping of its bottom deposits and the
geological structure of the surroundings of the lake (Raukas & Tavast 1990).
State monitoring in Estonia gained legal ground in 1993. The monitoring of the
beaches of Vortgarv was included into this programme in 1994 (Tavast 1998).
Many problems related to the history of the lake have remained topical, because
the number of geodetic measurements and drillings is too small to provide
sufficient evidence for their solution. We hope that the result to be obtained
within our projects which started in 2000 will contribute to solving at least some
of these problems. This paper is the first one in the series to be published on the
subject under discussion.

METHODICAL PROBLEMS

The history of proglacial lakes in the Baltic Sea area has been studied on the
basis of flat levels of different glaciofluvial and glaciolacustrine relief forms
(outwash plains, kames, eskers), river terraces and coastal formations of ancient
lakes (Raukas et al. 1971). However, the coastal formations are often lacking.
Their small size or absence on ancient shores of Vortgarv is due to the flat
topography, the occurrence of erosion-resistant rocks and deposits, and the short-
term halts of water levels. In the shallow basin, the waves were small and their
destructive power inconsiderable. Longshore drift was insignificant and did not
contribute to the development of large accumulative coastal formations. The
development of both contemporary and ancient coastal formations has been
influenced by drift ice. Fine sand, silt, and varved clay, typical of ice lakes,
facilitated drawing up the contours of ancient lakes (Fig. 2). Unfortunately, after
a rapid fall of lake level, varved clays, particularly in the southern part of the
ice-dammed lake, remained dry and were partialy eroded. The varved clays
discovered during geological drilling under glaciofluvial deposits in the valleys
of the Védike Emajdgi and Pedeli rivers and in the town of Valga may partly
originate from earlier glaciations. In the coastal zone and areas around the inflows
to the lake, the varved clay is often covered with athick layer of silt or sand.
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Table 1. Main stages of the development of Lake Vértsarv on the stratigraphical column of the
Late-Glacia and Holocene deposits of Estonia. After Raukas et al. (1995).
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The hitherto known reconstructions of ancient water bodies are, in many
respects, highly hypothetical, because they are frequently based on the
contemporary topography. However, due to the uneven tectonic movements of the
threshold, the position of the shorelines has changed beyond recognition since
the Late-Glacial. In order to avoid repeating the delusions made by earlier
investigators, a spectrum of maximum and minimum uplifts was compiled using
an azimuth of 330°, pointing out the most important thresholds (Figs. 4, 5). The
azimuths obtained by earlier investigators were a bit different, possibly because
these were calculated on the basis of the northwestern part of Estonia and on the
topographical maps of different projections. For instance, Kents (1939), who was
the first to calculate the land uplift gradient for Estonia, used the topographical
map of the General Staff of Russia. For the time interval from the Ancylus Lake
maximum up to the present (see Table 1), he calculated the land uplift gradient
326°. We marked the locations of profiles at Sdrve and Kunda, on which Kents
based his measurements, to the Lambert map and obtained an azimuth of 330°
(Fig. 1). Parna (1962) used the spectrum line 335° for the local ice-dammed |akes
and 326° for the Baltic Ice Lake. He used the same topographical maps as Kents.
For the same stages, Kessel (1961) preferred the spectrum lines 324° and 316°,
respectively. However, afterwards, in cooperation with Raukas she returned
to older azimuths used by Parna (Kessel & Raukas 1979). The last authors also
applied an azimuth of 326° to the Holocene stages of the Baltic, except the Limnea
Sea stage (320°).

The 330° azimuth on the Lambert projection maps seems to fit best for Central
Estonia as well. Namely, the data obtained through the study of sediments of
ancient lagoons at Narva and Paikuse (Sindi) suggest that during the time interval
from the Litorina Sea maximum up to the present (see Table 1) these areas show
the same intensity of land uplift. Therefore, relying on the previous speculation, a
conclusion can be drawn that the azimuth of the most rapid land uplift on the
topographical map of the Lambert projection has been 330° during the last 6500
years for the NW half of Estonia (Fig. 1). Our land uplift gradient 330° of the
Vortgarv Depression for the last 10 000 years was formed accidentally by joining
the two most distant boring sites— Navesti and Naritsa (Figs. 4, 5).

The current state of stratigraphic studies does not permit us to make fully
reliable palaeogeographic reconstructions for the Pleistocene stage of the lake
history. For many years, pollen analysis was the basic tool in deglaciation studies,
however, it did not provide direct data for such an event. Interstadial or inter-
phasial layers occur frequently between different till beds in South and Central
Estonia, but they have no clear palynological characteristics and probably contain
alot of material redeposited from sediments left behind by older interglacials or
interstadials. The spore and pollen in Late-Glacial deposits above the till bedsin
the Vortgarv area suggest severe climatic conditions. Local vegetation had just
started to develop and the concentration of pollen originating from earlier climatic
stages and redeposited in sediments was also high. On the other hand, pioneer
vegetation undoubtedly already existed in the dead ice topography, but in clay
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and silt the older pollen grains are mixed with younger ones. That is why the
Late-Glacial sediments in this region do not reveal any clear palynological
characteristics. We are going to resume this theme again when dealing with
Ancient Vortsarv. Accumulation of organic-rich sediments in the small lakes
of southern Estonia started 10 300—10 200 BP, replacing the accumulation of
sand, silt, and clay that were clearly prevailing during the Late-Glacial (Pirrus &
Raukas 1996).

A big breakthrough in dating was the elaboration of the **C method. We have
made wide use of this method since 1960, when a radiocarbon laboratory was
founded in Tartu. Nevertheless, the research has not progressed so rapidly as
was initially expected. In our studies, we have also used the TL and OSL methods,
but the accuracy of the dates obtained has not been high enough to alow us to
draw reliable palaeogeographic conclusions. As a result, most of the correlation
schemes are still rather speculative.

PREGLACIAL AND GLACIAL HISTORY OF THE LAKE BASIN

The development of the cuestarlike bedrock topography in Estonia has been
affected by different geological processes. In the course of the long-term pre-
Quaternary period, it was mainly controlled by erosional processes. At the
beginning of the Pleistocene, the flat Vortgarv Depression formed between the
South Sakala bedrock elevation (below the present-day morainic Sakala Upland)
and the Otepé&a bedrock elevation (below the current Otepaé Heights with a thick
Quaternary cover). The depression was later over-deepened by glaciers, which
removed alayer of the Silurian and Devonian bedrock, some tens of metres thick
(Tavast & Raukas 1982). During all glaciations, the area of Vortgarv remained
in an ice-lobe depression, where glaciers disintegrated into severa ice tongues
moving at different speeds and forming drumlins (Fig. 3).

Estonia s area was freed from the continental ice during a time span of about
2000 years. The ice cover began to retreat from the southernmost part of the
present-day Estonia at |least 13 000 *C years ago. The area, which is now Estonia,
was finally cleared of ice about 11 000 **C years ago (Raukas 1986). The deposits
overlying the till started to accumulate in South Estonia in the Older Dryas (OD)
or Allered (Table 1). The history of deglaciation is genetically connected with the
ice-dammed lakes, which developed in front of the ice margin or in the body of
melting dead ice.

Our vision of the evolution of Lake Ice Vortgéarv is presented in Fig. 6. When
the ice flow between the Sakala and Otepda heights stagnated, the resulting
meltwater started to accumulate in the fracture-rich area of the southern part of
the Vortgarv Depression. As a result, the rate of ice melting in lower-lying
areas increased as well. This hypothesis is based on the different distribution of
sediments in the area where two types of Pleistocene sediments of entirely different
genesis can be distinguished (depicted on the map with the jagged line; line 2 in
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Fig. 6). In this area the parent rock of soils is mostly sandy-loamy, occasionally
silty-loamy basal till. Outside this area, the Quaternary cover has a more
complicated structure. The till is usually overlain by glaciofluvial sediments,
but in the Laatre and Strenc¢i depressions (Fig. 6, L and S) it is covered with
glaciolacustrine sediments. In Small Vértgarv (Fig. 6, V-V), which reached as a
narrow wedge into the Vaike-Emajdgi Valley (Fig. 2), the water level was very
unstable and in summer it was clearly afluvial body of water. This conclusion is
supported by the occurrence of eskers, delta plains, and kame fields between the
areas marked with the jagged line on our map (Fig. 6, V-V).
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Fig. 6. Initia stage of Lake Ice Vortgéarv. 1, water divide after Tammekann (1932); 2, melting ice
cover with dead ice blocks; 3, direction of meltwater flow; 4, town of Valga/Valka; 5, Stren¢i Ice
Lake after Aboltynsh et al. (1974); 6, Laatre Ice Lake after Raukas et al. (1971); 7, Lake Small Ice

Vortgarv.
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When exactly the connection between the ice-dammed lake in the Peipsi
Depression and Ice Vartgarv developed is not yet clear. According to the figures
compiled by Hang (2001), Peipsi ice-dammed lake could also have drained
towards the northwest. If at that time there was a connection between these |akes,
the level of Ice Vortgarv was controlled by the water level in Peipsi ice-dammed
lake.

Kgak (1959) who studied the Vaike-Emajdgi Valey, advanced a hypothesis
that up to a height of 50 m above the contemporary sea level the meltwater in the
Véaike-Emajogi Valley (Fig. 2) flowed to the south — over the so-called Valga
threshold (Fig. 6, V) into the Gauja Valley. None of the Latvian geologists who
studied the evolution of the Gauja Valley (Aboltynsh 1971) and Strenéi ice-
dammed lake (Aboltynsh et al. 1974) have made a mention of the meltwater flow
or the existence of the threshold. The authors of this paper also suppose that after
the retreat of the glacier from the Gauja line the meltwater never flowed to
the south from the Hargmae—Hargla water divide (Fig. 6, E-H) distinguished by
Tammekann (1932). In all likelihood, the meltwater which flowed into the Laatre
ice-dammed lake and the VVaike-Emaj6gi Valley from the direction of the Otepaa
Heights (Tammekann 1932; Kagjak 1959) found its way out through the crevasses
developed in theice, at first probably somewhere in the northwestern part of the
Vortgérv Depression. We have areason to believe that due to the glacier dynamics
these outflows were closed from time to time and in the dammed area the ice
cover started to melt rapidly. Evidence is derived from the occurrence of varved
clays in the Tanassiima—Viljandi valley, particularly in the Navesti Depression,
where in the vicinity of the railway bridge varved clay lenses can be found between
till layers.

The final stage of Ice Vortgarv and initial stage of Ancient Vortgarv (Fig. 2)
have again been reconstructed on the basis of the distribution of bottom sediments
of the mentioned lakes, varved claysin Ice Vartgarv and sand and silt in Ancient
Vaortgarv. As long as the dynamics of glaciers in the study area cannot be
established on the basis of sediment analysis, this is the only possible approach to
clearing out the evolution of the lake. Once again, we would like to stress that in
Ice Vortgarv the water level must have fluctuated greatly in the course of years.
In the area depicted in Fig. 2 we have established several coastal formations —
small coastal ridges and short terraces. However, only after detailed in situ
studies it can be stated with confidence which of those belong to Ice Vortgéarv
and which to Ancient or Big Vortsjérv.

Unfortunately our knowledge of the sediments forming the Quaternary cover
north of the Emajdgi River is rather incomplete. An ice-dammed lake may have
formed, in the first instance, in the northeastern part of the Vartgarv Depression,
in the area extending up to the Kérevere threshold where varved clays have been
found. A thick bed of varved clays (up to 8.5 m) in the southern part of Pltsamaa
Bog may also serve as an evidence of thislake. Frequently, these clays lie straight
on the bedrock. It is possible that before the accumulation of varved clays a strong
flow of water moving to the northwest washed away the thin till cover overlying
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the bedrock layers as it happened in the Navesti Valley. The level of Ice Vorts-
jarv was controlled by the glacier dynamics simultaneously in severa places,
including the Tanassilma—Viljandi—Raudna valley system, Navesti Valley, and
Emagj6gi Valley. It would be incorrect to assume that the meltwater did not find
away out from the Vortsarv Depression. For instance, if the channel in the ice
cover above the Ténassilma Valley closed even for a short time, the water of the
ice-dammed lake rose to a height of 45 mas.l. and flowed to the west on the
lower reaches of the Arma River (Figs. 2, 6). Once again, we would like to point
out that in the Tanassilma Valley the meltwater flowed to the west, cutting a deep
channel into the till. The same process took place in the Navesti Valley. However,
there are stretches, several kilometres in length, where the water eroded hollows
and funnels into the limestones and dolomites of the bedrock. Afterwards, these
came to be buried under fluvia sand, till or varved clay. This shows that both
outflows to the west were temporarily closed. Peipsi ice-dammed lake drained
more than 13 000 varve-years ago (Hang 2001), and during a certain period there
must have been a meltwater flow from the Vortsjarv Depression to the east.
Probably, this took place at the beginning of the ice-dammed lake formation.
Already Ramsay (1929) seems to have reached this conclusion.

To illustrate the above, we are going to present in this paper only the results
obtained through analysing the bottom sediments of an outflow branch from the
Vortgarv Depression into the Navesti Valley. The sampling point was between
Lebavere and Paenaste villages (Fig. 4, point 13). In or under the melting ice,
obvioudly in an ice crevasse, the meltwater eroded a channel into the basal till
(Fig. 7). When and in which direction the eroding water first flow is not yet clear.
In the Gulf of Riga, alarger body of water existed already at the beginning of the
Allergd (Stelle et al. 1995), i.e. almost 12 000 *C years ago. But, originaly, the
water may also have flowed along the Emaj6gi ancient valley in the direction of
ice-dammed Lake Peipsi, which according to Hang (2001), must have sunk down
aready more than 13 000 varve-years ago. At that time, the only possible direction
could have been northeast.

After the water flow in the channel between Lebavere and Paenaste abated,
the bottom of the channel was covered with a1 m thick layer of fine sand. Later
ice crevasses or the outflow from the lake closed somewhere in the area of
the Navesti railway bridge, the waterflow stopped, and the water level rose
considerably as the varved clays settled down on the fine sand (see Fig. 7). When
the water level dropped, the varved clay was, in its turn, covered with a thick
layer of loamy silt. Once again, a fluvial period followed, in the course of which
the upper part of the loamy silt was carried away. By the beginning of the
Holocene, the outflow from the Vartgarv Depression proceeded mainly through
the southern branch (Fig. 4, point 2). The fen peat started to form in the channel,
and spring (temporary) floods flowed there towards the Navesti River along
swampy woods. Due to a dlight tilt of the surface in this direction, the area was
overgrown with fen peat already 9500 years ago (see *C date and pollen diagram
inFig. 7).
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Based on our preliminary analysis, we dare to say that during the setting of
loamy silt, the first vegetation at the ice-free sites or till cover on dead ice may
have appeared already in the Older Dryas. But, certainly, it existed in the Allergd.
Unfortunately, in our diagram, the pollen of Betula nana and the other Betula
species have not been calculated separately. According to S. Hiie (pers comm.),
the seeds of Betula nana and other macrofossils of this plant can be found in the
loamy silt. An analysis, where Betula nana and the amount of other Arctic plants
have been determined, is still under way.

ANCIENT VORTSIARV

For the stage which started from the final lowering of water level and
development of outflow into the Baltic Ice Lake in the Parnu Lowland (Ramsay
1929; Parna 1962), we have used the name Ancient Vortgjarv (Primeval Vortsérv
by L. Orviku 1958 and K. Orviku 1973). In all likelihood, Lake Small Peipsi
already existed at that time and was separated from Ancient Vortgarv by a narrow
strip of land between Kéarevere and Muuge (Fig. 4, points 7 and 8). Depending
on the amount of precipitation, the level of Ancient Vartgarv must have been
seasonally highly fluctuating in the course of years. As a result of wave action
and currents, the earlier accumulated glaciofluvial clays and pelitic silts were
covered by sands. In places fine sediments were entirely washed away. The
bedrock and till, rich in coarse fractions, were exposed once again.

Ancient Vortgjarv was shallow and its water table was very unstable. A large
area was inundated in the depression, mostly during spring floods. By the end of
summer, however, only many smaller water bodies remained of it. In the sediments
of this lake, pollen grains have preserved only in the loamy silts overlying the
varved clays of Ice Vortsjarv. As we have stated before, the first results of our
analyses support the conviction that the preserved pollen grains of the Older
Dryas, Allerad, and Y ounger Dryas have usually al got mixed up. Namely, up to
now, we have not succeeded in getting a cross-section with clearly laminated lake
sediments near Kérevere to elucidate the chronological as well as sedimenta
boundary between Ancient and Big Vortsjarv.

THE HOLOCENE HISTORY OF LAKE VORTSJARV

K. Orviku (1973) considers the beginning of the Holocene, which is recorded
by the appearance of fossils of higher biota (e.g. mollusc shells in lake sediments),
to be a boundary between Ancient Vortsjdrv and Great Vortgarv. He named the
Early Holocene lake Great Vortgjérv, because he assumed that due to the land
uplift on the so-called Ténassilma threshold established by Ldokene (1960)
the lake level must have risen in the course of years. According to K. Orviku
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(1973), the rocks of the Tanassilma threshold, which were rather resistant to
erosion, must aso have contributed to the process. L dokene (1960) and K. Orviku
(1973) were evidently misguided by Tammekann (1939) who maintained that
Lake Viljandi was situated at a height of 43 m (must be 41 m) and the Parika
watershed connecting the Navesti Valley and the Vortgarv Depression, at a height
of 51 ma.s.l. (must be 42 m) (see also Fig. 5 in the present paper). Obviously,
Tammekann got these erroneous figures when he transferred the isohypses given
in inches on the topographic maps of the General Staff of Russia to the metric
system. Surely he was not aware of it when using the map he determined the
height of the watershed to be 51 m at Parika and 45 m a.s.l. at Jartsaare. Before
the bog began to form, the waters were flowing from big ancient Lake Parika
along several creeks to the south towards the Tanassilma River. The depression of
ancient Lake Parika was overgrown with peat, and bogs were spread there (Fig. 4,
point 12). The northward outflow from the Parika Depression took place only
after the formation of the raised watershed bog there. The outflows from the bog
have considerably been deepened by human activity.

We have been successful in elucidating the Holocene history of Vortgarv. The
results of our long-term fieldwork are summarized in Fig. 5. The results obtained
on the southern part of Vortgarv by earlier researchers (L. Orviku 1958; Pirrus et
a. 1993) did not entirely satisfy us, because their palynological sections were
based on the Holocene sediments deposited in the ancient channel of the Véaike-
Emajogi River (see Figs. 4, 8).

It should be pointed out that paludification and overgrowing of old river
channels reflect the evolution of a lake and the rise of its water level only
indirectly. Our attempts to determine the location of the section described by
L. Orviku (1958) on the opposite coast of the lake failed (see Fig. 4, point 10).
But drilling with a Belarus-type corer in the lake bottom southeast of the former
Naritsa farmhouse revealed the western slope of a rather flat drumlin-like
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Fig. 8. Geologica profile between Haani and Alapu Nukk in the southern part of Lake Vortsarv
after Pirrus & Raukas (1984) with complements. 1, water; 2, gyttja (sapropel); 3, sapropelic lime
and limy sapropel; 4, lacustrine lime; 5, silty sand; 6, sand; 7, till; 8, main boreholes.
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formation, where the remains of ancient paludified soil were lying between the
layers of fine gravel and coarse sand. The sample taken from this soil at a height
of 29 m as.l. yielded a **C age of 10 027 years (see Fig. 4, point 9 and Fig. 5,
point 9).

Under bog sediments we discovered old outflows from the V értg érv Depression
into the Navesti River valley (Fig. 4, points 1, 2, 13). Since loose sediments have
mostly been washed away with the flow on the ancient rapids, the **C dates
yielded by plant remains on the exposed limestone bedrock do not show the time
when the outflows existed but the time when they were closed and overgrown by
peat. Based on the *C date of 6985 + 60 years (TIn-2627) obtained on the lower-
most layer of peat on the limestone, the outflow from the V&rtsérv Depression to
the west closed about 7000 **C years ago.

Hopefully, the reader will understand why the numerical valuesin Figs. 4 and
5 are presented in arather generalized manner. This enables us to keep within the
bounds of reliability and avoid drawing inconsiderate conclusions. For instance,
the land uplift gradient presented in Figs. 4 and 5 for the last 10 000 years of the
Vortgarv Depression is supported by the idea that c. 10 000 years ago the lake
waves buried a paludified soil layer under sand. In all likelihood, this happened
due to the circumstance that the c. 300 m wide thresholds (rapids) near the
Navesti railway bridge and between Jartsaare and Paenaste (Figs. 4, 5, points 1
and 2) had risen almost to the same height as the buried soil at Naritsa. Figure 8
shows to which extent the valley, eroded by the moving ice and its meltwaters
in the southern part of the Vortgarv Depression, has filled with sediments. Also
above the Naritsa section the sand, rich in organic remains, is overlain by pelitic
lake lime and mud. Under the conditions of the fluctuating water level, the older
and younger sediments have constantly got mixed during their accumulation. The
uplift gradients obtained as a result of our studies permit an approximate estimation
of the land uplift on the coasts of the Gulf of Riga and Lake Peipsi. In other words,
the results of the study of Vartgjarv are now comparable with those on the Parnu
Lowland and Peipsi Depression.

The development of Vartgarv in the Holocene can be studied in more detail
on the basis of its bottom sediments. In the northernmost part of the lake the
bottom deposits consist mostly of fine sand and silt. Sapropel and lacustrine lime
have not been found there. In the narrower southern part the sediments from
top downwards are as follows: sapropel (up to 3 m) and lacustrine lime (up to
8 m thick). The boundary between the sapropel and lime is transitional and
asynchronous in different parts of the lake (Figs. 3, 4, point 11 and Fig. 8).

In the Early Holocene, the land surface above the rapids of the westward out-
flow (Fig. 4, points 1 and 2) into the Navesti River rose at arate of about a metre
per thousand years (Fig. 5). Thus, Big Vortgarv was generaly a transgressive
body of water. Some 8300 years ago, the northern part of the lake basin extended
amost as far as the present-day Kamari hydropower station, up to the then mouth
of the Pdltsamaa River. In the years of great floods, the sediments carried by the
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lake waters clogged the river mouth. The drowned wood — 8400 + 100 * C years
(TA-2706) — in the channel got covered with a 1.5 m thick layer of sand. At the
present time, the surface of this sand is at a height of c. 43 mas.l. (Figs. 4 and 5,
point 3). When the water level of Big Vortgarv was at that height, an additional
outflow must have developed to the east between Kérevere and Muuge (Fig. 4,
points 7 and 8).

The palynological studies conducted by Reet Pirrus (Pirrus & Raukas 1984) in
the southern part of the lake — Alapu Nukk — Haani section (Fig. 4, point 11 and
Fig. 8) showed that the dlightly limy clayey silt containing up to 79% terrigenous
material accumulated at the beginning of the Pre-Boreal. In the second half of the
Pre-Borea and in the Boreal, an about 1 m thick layer of lacustrine lime, with
the CaCO; content of 70% and organic matter content of 3-18% was formed.
In the Atlantic Chronozone, about 5.5 m of lacustrine lime accumulated. At the
beginning of the Atlantic, the content of CaCO; was higher (60-65%) than at
the end of the Chronozone (45-50%). The organic matter content was 10-15%
and 20-30%, respectively. The amount of organic matter rises upwards, reaching
32%. In the Sub-Boreal, both the organic matter (up to 37%) and terrigenous
component increase, and the deposits in the vertical section are rather
heterogeneous. In the Sub-Atlantic Chronozone, sapropel (gyttja) with a rather
high content of terrigenous material and a very low content of carbonaceous
matter (only 1-2%) accumul ated.

Zur Mihlen (1918) came to the conclusion that Big V 6rtgarv was much larger
than the contemporary lake. According to him, the shoreline was at its entire
length 4 m higher than nowadays. Based on the Holocene crustal movements,
Ramsay (1929) reached the conclusion that in the northern part of the ancient l1ake
the water level must have been about 5m lower than at present. According to
K. Orviku (1973), the water level in the NW part of the lake was about 4-5m
higher and in the southern part 34 m lower than nowadays. Pirrus et al. (1993)
demonstrated that at the beginning of the Holocene the shoreline in the southern
part of the lake was even 8 m lower than at present. To our mind, this value is
a bit exaggerated. The zero level of present-day Vortgarv equals 33.07 mas.l.
According to our calculations, the southern end of the lake was c. 4 m lower
10 000 years ago (see Fig. 8).

THE HISTORY OF THE CONTEMPORARY LAKE

The beginning of Contemporary Vortgérv is traditionally accepted as the time
when the outflow to the west finally closed. So far, this event has not been
precisely dated. The end of Big Vortgarv is marked with the opening of the
outflow to the east via the Emaj6gi Valley some 7500 years ago, which was
followed by the lowering of lake level (K. Orviku 1973). We have not succeeded
in dating the formation of the Emaj6gi River. About 10 000 years ago, when our
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sampling sites at Navesti and Naritsa were at the same level (Fig. 5), the strip of
lowland between Ké&revere and the mouth of the Amme River at Muuge was only
1.5 m (max 2.0 m) above the level of Vortgjarv. At that time, the Amme River
flowed into Small Peipsi. Actually, already in this period, during some extreme
years, the water from Vortsjdrv may have flowed through the woods into the
Amme River. As the water had to curve through coarse till and glaciofluvial
sediments and the erosion-resistant Middle Devonian sandstones of Narva age
(D2nr), the formation of the channel lasted thousands of years.

The palynologica evidence from P8ltsamaa Bog northeast of the lake suggested
aready some 40 years ago that the water table started to lower in the BO;
palynozone (Zirna & Pirrus 1961). At the beginning of the Middle Holocene,
a more pronounced lowering occurred. In Ulila Bog, northeast of the lake, the
uppermost deposits were dated at 6915+ 70 yr BP (TA-120, Ilves & Sarv 1970).
The lake marl gave a much older radiocarbon date of 7800 + 260 yr BP (TA-3)
and referred that event to the very beginning of AT, (Liiva et a. 1966). Up to
now, the exact time of the event is uncertain. It is more or less certain that a new
outflow to the east via the Emajogi channel was finally formed in the Atlantic
Chronozone some 7500 years ago (Table 1), the water level sank and alake, similar
to the contemporary one, was born. However, during spring floods extensive areas
in the ancient lake depression were again inundated, and so the development of
the contemporary lake was along and complicated process.

The Holocene development of Vortgarv has been highly controlled by
tectonic movements. While the northern part of the lake was subject to a marked
regression, the structure of the geological sections, intensive overgrowing and
meandering of the lower reaches of rivers in the southern part of the lake prove
that the water table rise there was continuous. It was not interrupted even at the
beginning of the Middle Holocene. At the same time, synchronous water level
changes in the small lakes of the adjoining area and in Vortgarv were due
to climatic changes (Saarse & Harrison 1992). The Estonian small lakes register
wetter conditions from 8000 BP, with the maximum humidity at 7000 BP. The
maximum aridity occurred at 4000 BP.

Vortgarv is characterized by a variety of shore types. Due to the prevailing
westerly and southwesterly winds, accretional and erosional shores dominate in
the eastern, leeward part of the lake. The western shore is swampy, overgrown
with bulrush and reed, which occasionally form 40 m and wider belts on the
foreshore. Due to the shallowness of the lake and unstable shoreline, erosional
forms are relatively small in size. When the lake level was low, there was
practically no erosion (Fig. 9). The erosion intensified during the high lake level
(Fig. 10). In the course of our study period (since 1982), the coast has retreated
only a few metres (Fig. 11) and not everywhere. Compared to wave action, the
hummaocky coastal ice has exerted even a greater effect on the coastal processes.
Longshore drift is low, but in the 19th century the sand repeatedly clogged the
outflow of the Emajfgi River and caused severe floods.
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Fig. 9. Eastern shore of L. V&rtgarv during alow stand of water on 06.06.2001. Photo by A. Raukas.

Fig. 10. Eastern shore of L. Vortgérv during a high stand of water on 15.09.1998. For location of the
section see Fig. 1. Photo by A. Raukas.
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Vortgarve geoloogilisest arenguloost
Tanel Moora, Anto Raukas ja Elvi Tavast

Vortgarve keskse asendi t6ttu Eesti maa-alal on tal oluline koht paljude hilis-
j88aja ja | 8449 g argsete paleogeogradfiliste probleemide lahendamisel. Vortgarve
varasemad arenguetapid Jaa-Vortgarv, Urg-Vortsarv ja Suur-Vortsjary on pal-
juski hipoteetilised, nende kontuurid tépsemalt méédratlemata ja gjalised piirid
vaieldavad. Nildis-Vortgéarve alguseks voib pidada 7500 aastat, kui véjavool
Peipsi suunas oli vélja kujunenud. Suur jéarvelubja (8 m) ja sapropeeli (9 m) pak-
sus jérve l18unaosas viitavad veetaseme jarkjargulisele tdusule selles piirkonnas
kogu Holotseeni véltel. Jarsk veetaseme muutus ja jarve ulatuse varieeruvus
erinevatel arenguetappidel olid pdhjustatud peamiselt maakoore tektoonilistest
liikkumistest, mis avasid uusi ja sulgesid varasemaid vélja- ning sissevoole. Nii
maoodanikus kui ka praegu olid jarves suured veetaseme koikumised, mis rasken-
davad rannajoonte ja jdeterrasside rotbistamist.

O reoJiornueckom pa3Butum o3epa BoipTchsipB
Tanen Moopa, Auto Paykac u OnbBu TaBact

BBuny cBoero pacnonoxxeHus B ueHTpe DctoHuu (puc. 1) ozepo BouipTchsaps
HMMeeT BaXKHOE 3HAUEeHHUEe [T PELIeHUs] MHOTHX CYLIECTBEHHBIX MPo0OieM Mo3aHe-
U mocieneAHuKoBbs. O3EpHas BnaaMHa B CBOEM MEPBUYHOM BUe oOpa3zoBaiach
emé B J0YETBEPTHUHOE BpeMs, HO COBpPEeMEHHbIH 00JMK oHa npuodpesa
Osarojaps JieAHUKOBOW 3po3uu. J[OHHbIE OTJIOKEHHUSI 03epa MpeAcTaBIeHbI
TEpPUTeHHBIMU OCaJKaMH, carpornenaemM (MOLHOCTbIO A0 9 M) u 03EpHOI
u3BecThio (10 8 ™). IlocmeaHue B CeBepHOU YacTy BMAAWHBI MAJIOMOIIHBIE WIH
OTCYTCTBYIOT. MOIIHOCTb OCAJKOB B IOKHOW YacTM BMaJWHbI 3HAYUTEIHHO
Oosiblie, YeM B CEBEPHOM, YTO FOBOPUT O HACTYNAHWW 03€pa B KOXKHOM HaNpas-
JICHUH.

Uctopus passutus o3epa cioxnasi. HemocpeacTseHHO nepea Kpaem jeaHUKa
00pazoBajUCh 03EPHO-JIEIHUKOBbIE BOAOEMbl PAa3IUUHONW KOH(QUrypaLuu U pas-
MepoB. B paHHeM rosoueHe, Onarofapsi HepaBHOMEpPHOMY (Ha ceBepo-3amaze
Gosnblie Iro-BOCTOYHOr0) HEOTEKTOHUYECKOMY MOAHSATHIO 36MHOH KOpPbI CTOK B
3aMajiHOM HaNpaBIeHUM MEpeKpbIBajicd, YTO MpHUBENO K 0Opa3oBaHUIO O3epa
bosbuioit BelpTebsips, ypoBeHb KOTOpPOro Obil Ha 4—5 M Bbllle, YeM B COBpe-
MeHHOM o3epe. B cpeanem rosouene, okosio 7500 1. H. oOpasoBajics CTOK
B BOCTOYHOM HAIPAaBJIEHUHU MO p. DMaANBIrK, U 03epO MOCTENEHHO NMpuodpeso
COBpPEMEHHbIE OuepTaHusl. YPOBEHb BOJAblI B 03€pe KaK HbIHE, TAK U B MPOLIJIOM
BECbMa HEMOCTOSHHbINA (MaKCHMasibHas pa3HMLa BOAHOIO 3€pKajia B MPOLIIOM
CTOJIETUM OblIa OKOJIO 3 M), YTO 3aTpyAHSIET KOPpeJsiLuio OeperoBblX JIMHUIMA,
PEUHBbIX TEPPacC U BOCCTAHOBJIEHUE UCTOPUU I€0JJOTMUECKOr0 Pa3BUTHS 03epa.
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