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Lake Vőrtsjärv is one of the big gest lakes in East ern Eu rope and pos sesses a complex geo log i cal his tory. Bot tom deposits con sist mostly
of fine sand and silt, ac com pa nied with sapropel (up to 9 m thick) and lake marl (up to 8 m thick). In places, es pe cially in the north ern part
where the bot tom de pos its are ab sent, varved clay or till are ex posed in the lake ba sin. In the south ern part of the lake the deposits are
much thicker, in di cat ing a grad ual rise of wa ter-level. Like the ma jor ity of lakes in the North ern Hemi sphere, Lake Vőrtsjärv pos sesses a
more open east ern and a more swampy and over grown west ern bank. Shore types and the lithological com po si tion of shore sed i ments are
var ied and highly con trolled by the bed rock and gla cial de pos its. Long-shore trans port of sed i ments is lim ited. The mineral com po si tion
of bot tom sed i ments shows great qual i ta tive and quan ti ta tive vari abil ity which re lates to the grain-size and pe trog ra phy of the parent de -
pos its. Or ganic-rich sapropel can be used in ag ri cul ture and ev i dently also for me dic i nal pur poses.
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INTRODUCTION

Lakes are an in te gral part of the Es to nian land scape. The to -
tal num ber of lakes in Es to nia is over 1500, 42 of which oc cupy 
an area of more than 15 km2. Lake Vőrtsjärv is the sec ond larg -
est lake in Es to nia and its area is 270.7 km˛. The max i mum
length of the lake is 34.8 km and the max i mum width is
14.8 km. The shore-line is 96 km long, the max i mum depth
about 6 m, av er age depth 2.8 m, the long-term wa ter-level oc -
curs at 33.68 m a.s.l., wa ter vol ume is 756 mil lion mł, and the
drain age ba sin 3380 km2 (57°50’–58°30’N and
25°35’–26°40’E). The lake has 18 main trib u tar ies and the out -
flow is only via the Emajőgi River. 

Lake Vőrtsjärv is lo cated in cen tral Es to nia (Fig. 1) in the
shal low Cen tral Es to nian De pres sion of preglacial or i gin.
Through the Emajőgi River, its drain age ba sin is con nected
with the drain age ba sin of Lake Peipsi and the Narva River.
The shal low depth and large sur face and drain age ar eas make

Lake Vártsjärv ex tremely sen si tive to cli ma tic fluc tu a tions and
other en vi ron men tal changes oc cur ring in its drain age ba sin.
There fore, reg u la tion of the wa ter-level to wards the long-term
an nual av er age is de sir able. Hu man im pact has caused high nu -

tri ent load ing from the catch ment area and eutrophication of the 
lake (Huttula and Nőges, 1998).

This pa per sum ma rises re sults ob tained through a study of
more than 120 sam pling sites (Fig. 2) and long-term (over 20
years) mea sure ments of shore pro cesses.

GEOLOGICAL SETTING

The main aim of the study is to estimate future trends in lake 
history. Rapid changes in the post nat u ral en vi ron ment crit i cal
to a better un der stand ing of human-induced changes should be
recognised and managed.

Coastal erosion and sed i ments car ried by rivers and streams 
are the principal sources of material for the bottom deposits of
Lake Vőrtsjärv. Some of the material is also provided by wind
and drifting ice, and re dis tri bu tion of this by waves is con -
trolled by bottom topography and lake level. Deglaciation
processes, tectonic movements and climatic fluctuations
controlled erosion and accumulation. Differences in the
bedrock and glacial deposits played a leading role in the de vel -
op ment of shore types.

In the northernmost part of the de pres sion car bon ate rocks
of the Middle Devonian Narva Regional Stage mostly crop out. 
Carbonate rocks of the Lower Silurian Adavere Regional Stage 



occur as a narrow strip of north-west–south-east trend. The
area cov ered by lake wa ter is mostly underlain by sandstones
and siltstones interbedded with clay and dolomitic marl of the
Middle Devonian Aruküla Regional Stage, which are exposed
on the steep eastern bank of the lake at Tamme, Vehendi and
Petseri. Mineralogically, this pre dom i nantly comprises
quartzose and feldspatic arenite with a high quartz content (up
to 90%). The heavy frac tion is dominated by ilmenite
(30–60%) and transparent allothigenic minerals (15–40%).
Among the latter, garnet and zircon are most significant.
Tourmaline and rutile are also important (Kleesment and
Mark-Kurik, 1997). The bedrock topography at 20–30 m a.s.l.
is flat and monotonous (Tavast and Raukas, 1982).

The Qua ter nary cover is a few metres thick, reach ing 
5–10 m (Raukas, 1978). Tills in the north ern part of the lake de -
pres sion are grey and car bo na ceous, else where they are red -
dish-brown and en riched in De vo nian ma te rial. They are cov -
ered with glaciofluvial and glaciolacustrine sed i ments,

Late-Glacial sand and silt of AllerÝd and Youn ger Dryas age.
In drum lins of the Kolga-Jaani drum lin field NW of the lake,
the Pleis to cene de pos its, mainly till, are 20–25 m thick.
Late-Glacial and Ho lo cene al lu vial de pos its oc cur in river val -
leys (Väike-Emajőgi, Őhne, Tänassilma, a.o.). Be tween Sooru
and Pikasilla (out side the map area) they are up to 20 m thick
(Kajak, 1959).

The Estonian Stratigraphical Chart of Quaternary Deposits
(Raukas and Kajak, 1995) shows the com pos ite stratotypes for
interglacials and areal stratotypes for glacial units. The
Vőrtsjärv Subformation, which is the youngest unit of the
Upper Pleistocene Järva Formation, was named af ter Lake
Vőrtsjärv. In the stratotype area — the Lake Vőrtsjärv Basin — 
depending on the underlying bed rock, con tem pora neous grey
limy (Valma) and reddish-brown (Tamme) tills are
widespread.

The about 1.5 m-high coastal bluff at Valma in the north -
west ern part of the lake ba sin ex poses typ i cal (for the area) grey 
diamicton with a loamy ma trix and a high con tent of Si lu rian

car bon ate clasts (up to 90%) in the gravel frac tions. The con -
tent of Fennoscandian crys tal line rocks in till is about 10%. In
the Tamme out crop on the east ern coast of Lake Vőrtsjärv a till
over lies red dish sand stone and is strongly in flu enced by un der -
ly ing rocks. The up per part of the weakly lithified sand stones
has been de formed by the gla cier and of ten in cor po rated into a
till as “in jec tions” and lenses. Locally, a dis tinct bound ary be -
tween the diamicton and bed rock is dif fi cult to es tab lish. The
till cover in the ca. 300-m-long coastal cliff var ies in com po si -
tion. In the ma trix of the sandy loam till car bon ate clasts of the
Si lu rian bed rock pre dom i nate (50–60%), fol lowed by the
Fennoscandian rocks (30–40%) and lo cal De vo nian sand -
stones (0–25%). In the boul der frac tion the Fennoscandian
rocks strongly pre vail.

Already at the beginning of the last century the northern
part of the lake depression was postulated to have been
uplifting faster than the southern part, which strongly affected
the evolution of the lake. In the Late Glacial and at the
beginning of the Holocene the rate of land uplift was
considerably higher than at present (Kessel and Miidel, 1973).
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Fig. 1. Location sketch of Lake Vőrtsjärv

Fig. 2. Sam pling sites and bathymetric map of Lake Vőrtsjärv



The northern part of the depression is rising at a rate of
0.8 mm/yr, while the southern part is cur rently sink ing (Vallner 
et al., 1988). Over a period of the last 800 years, in the southern
part of the lake the average water-level rise was equal to 2.5
mm/yr. Intensive accretion of valley floors and the me an der ing
patterns of the lower reaches of rivers is further evidence for
subsidence and continuous lake-level rise (Pirrus et al., 1993).

A BRIEF HISTORY OF LAKE VŐRTSJÄRV

The lake has a com pli cated his tory. De pend ing on the pre -
cise na ture of ice sheet re treat, gla cial lakes of dif fer ent shape
and size formed in the Lake Vőrtsjärv De pres sion. About
12.6 ka BP the south ern part of the Vőrtsjärv De pres sion was
oc cu pied by the small Vőrtsjärv Gla cial Lake. The out flow
from this lake oc curred via the Väike-Emajőgi Val ley to the
south. Later, an out flow to the west de vel oped. Due to
neotectonic up lift, which was more pro nounced in the
north-west, the out flow to the west grad u ally di min ished and
closed in the Early Ho lo cene. As a re sult, the Lake Great-
Vőrtsjärv (Orviku, 1958) was formed (Fig. 3), con toured on the 
ba sis of its bot tom de pos its. The wa ter-level in the north ern part 
of the ba sin was at that time 4–5 m higher than at pres ent. At the 
be gin ning of the Mid-Ho lo cene, about 7500 yr BP, an out flow
to the east de vel oped and grad u ally the lake ac quired its pres ent 
con tours (Orviku, 1973).

SHORES

Like the majority of lakes in the Northern Hemisphere
(Klinge, 1889), Lake Vőrtsjärv has a more open eastern and a
swampy and overgrown western bank. Due to the prevailing
south-westerly and westerly winds, active accretionary and
erosional shores are widespread in the eastern part of the lake,
while swampy coasts overgrown with bushes, bulrush and
reeds are characteristic of the western and southern parts. In
many places, reed and bulrush form up to 150 m wide belts on
the fore-shore. The shallowness of the lake, high water
temperatures in summer and increased concentrations of
mineral nutrients promote overgrowing of the lake. Due to the
encroaching reed, beaches suitable for recreational use keep re -
duc ing in extent (Tavast et al., 1983).

Grewingk (1869) was the first to study the shores of Lake
Vőrtsjärv. He described a flat, sandy beach with a convex
shore-line in the northern part of the lake, and many elongated
cobble and pebble hillocks on the lake bottom, now interpreted
as submerged drumlins. Zur Mühlen (1918) differentiated the
scarp shore eroded in the Devonian sandstone and till, and flat
shores developed in sand and till. He mentioned that aggrading
shores were formed partly under the in flu ence of hummocky
lake ice. 

Lake Vártsjärv has a va ri ety of shores (Fig. 4). Cliffed
shores, up to 8.5 m high, oc cur mainly in zones of bed rock hill -
ocks with a till cover. Scarp coasts in the un con sol i dated Qua -
ter nary de pos its are more wide spread. Bluffs may be eroded in
till and sandy-gravel de pos its, sel dom in peat. Scarp till shores,
formed mainly in drum lins, oc cur on the east ern and north west -
ern coast of the lake. The scarps are usu ally 1.5–2 m high, and

from some hun dred metres up to sev eral kilo metres long.
Abun dant boul ders and cob bles on the sub aque ous slope and at 
the foot of the scarp form a stony floor with a thin layer of sand
and peb bles. The till es carp ments, the so-called dead bluffs,
usu ally lie at a dis tance of 10 to 100 m from the shore-line and
are cov ered with bushes.

Sandy beaches with adjacent scarps occur in the northern
(Vaibla) and western (Kivilőppe) part of the lake. An ancient
bluff is situated at a dis tance of about 50 m from the present
shore-line. The beach is covered with bushes and dense brush;
reed grows on the subwater coastal slope.

Flat coast may be developed in till, sand, silt or peat. Coasts
of this type are covered with bushes and brush, and reed grows
on the subaqueous slope. Flat sandy shores oc cur sporadically
in some parts of the lake. The whole southern tract of the lake is
bordered by flat peaty shore.

SHORE-LINE CHANGES AND BEACH EROSION

To dif fer en ti ate the min eral par ti cles, a dec i mal met ric sys -
tem was used (Raukas, 1965). Be side sea sonal fluc tu a tions, the
an nual mean wa ter-level can vary by more than 1.5 m in suc -
ces sive years. In 1996, the low est daily wa ter-level oc curred at
32.14 m a.s.l.; while in 1928 it was about 3 m higher (35.28 m
a.s.l.). Mea sure ments re corded dur ing 126 years in di cate lake
level fluc tu a tions last ing 4–6 and 20–30 years, re spec tively
(Järvet and Nőges, 1998). Dur ing the low-level pe ri ods no ero -
sion was noted and a broad fore-shore plain up to a kilo metre
wide emerged (Fig. 5). But when the wa ter-level rose, the lake
shores were sub jected to heavy ero sion and se ri ous dam age
was caused to con struc tions (Fig. 6).
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Fig. 3. Lake Great-Vőrtsjärv in the Early Holocene 



On the morainic coast at Vehendi sev eral changes have
oc curred dur ing the last 20 years (Fig. 7). Ex ten sive changes
on the coast are also due to ice-push ac tion. Ridges up to 8 m
high, of hummocky lake ice, gen er ated by per sis tent winds
and pushed for ward against the shore with enor mous force,
play a sig nif i cant role in shap ing the shore and trans port ing
er ratic boul ders. Oc ca sion ally, stone walls reach ing tens of
metres in length oc cur in front of till scarps that they pro tect
from fur ther ero sion.

MINERALOGY OF BEACH SEDIMENTS

The petrographic composition of cobble and pebble
fractions is identical to that of parent deposits nearby, mainly
on till out crops. The mineral composition of the recent
near-shore sediments is more varied, being partly related to

grain-size variation. Among more than 50 different minerals
and mineral groups identified in the sand and silt fraction,
quartz, feldspars, carbonates, micas, amphiboles-pyroxenes,
ore minerals (mainly ilmenite) and garnets pre vailed, mak ing
up about 99% of all the minerals recognised.

The content of quartz in beach sands is over 75%, the
content of carbonates (up to 14.1%) is highest near the outcrops 
of till, particularly in the northwestern part of the lake.

The pro por tion of the heavy frac tion (den sity over 2.89
Mg/m3) is usu ally small (0.32–0.45%). The beach sed i ments
char ac ter is ti cally bear a di rect re la tion ship to the par ent rocks
and de pos its. The con tent of gar nets is the high est (mainly
25–35%) on the De vo nian out crops (up to 58% in Trepimäe) in 
the east ern part of the lake (Fig. 8). The con tri bu tion of am phi -
boles and py rox enes (up to 56% near Mulgi farm) is the high est 
near the out crops of till (Tavast, 1990).
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Fig. 4. Geology and morphology of shores (mod i fied af ter Tavast et al., 1983) and lithology of bottom sediments of Lake Vőrtsjärv after R. Pirrus,
A. Raukas and E. Tavast (mod i fied af ter Raukas and Tavast, 1990)
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Fig. 5. Low wa ter-level at Trepimäe on September 19, 1997

Fig. 6. Damage of the coast at Tamme on June 25, 1998



BOTTOM SEDIMENTS

The bot tom sed i ments of Lake Vőrtsjärv con sist mostly of
fine sand and silt, sapropel (up to 9 m) and lake marl (up to 8 m
thick). In the north ern part of the lake, sapropel and lake marl
ei ther form a thin layer or are en tirely ab sent. About two thirds
of the top most part of the sed i ments con sist of sapropel (gyttja)
and sandy sapropel (Fig. 4). Silty clay, lake marl and other sed i -
ments are less abun dant. In places, es pe cially in the north ern
part where the bot tom sed i ments are ab sent, the lake de pres sion 
ex poses varved clay or till. In the south ern part of the lake the
sed i ments are much thicker than in the north ern part in di cat ing
a grad ual rise of wa ter-level due to lo cal sub si dence in the
south ern por tion of the ba sin (Pirrus and Raukas, 1984).

Sed i ment resuspension pre vails in the lake dur ing ice-free
pe ri ods. It de ter mines the tem po ral and spa tial pat tern of the
sed i men ta tion rate, which is higher in the shal low north ern part
of the lake (Nőges et al., 1998). The dis tri bu tion of bot tom sed -
i ments shows a typ i cal pat tern where the lighter and
small-grained frac tions such as sapropel and sapropelic silty
clay are eroded from the shal low north ern ar eas of the lake and
trans ported to deeper and shel tered places in the cen tral and
south ern part of the lake. The con tent of free car bon ates var ies

in the con tem po rary surficial sed i ments of Lake Vártsjärv, e.g.
in places the con tent of CaCO3 ex ceeds 20% (Fig. 9). The car -
bon ate con tent is higher in fine-grained sed i ments and in the
south ern part of the lake due to wa ter dis charge from the
Väike-Emajőgi River, which has a high con tent of cal cium bi -
car bon ate.

The min eral com po si tion of fine sand (0.1–0.25 mm) and
coarse silt (0.05–0.1 mm) dem on strates a large qual i ta tive and
quan ti ta tive vari a tion caused by vari abil ity in the granulometric
com po si tion and par ent de pos its (Fig. 10). Dif fer ences caused by 
hy dro dy namic vari a tions are un clear. The con tent of car bo na -
ceous min er als, feld spars, micas and ac ces so ries (zir con, flu o -
rite, rutile, sphene, brookite, ana tase) in the silty frac tion in -
creases and the con tent of quartz, haematite, py rox enes, am phi -
boles, epidote, staurolite and disthene de creases. The lat ter min -
er als form larger crys tals in the par ent rocks.

We have fo cussed on the min eral com po si tion of
sandy-silty sed i ments in the north ern part of the lake, be cause it 

was dif fi cult to ex tract min eral par ti cles from the sapropel and
prac ti cally im pos si ble from the lake marl, cov er ing the cen tral
and south ern parts of the lake bot tom (Fig. 4). There, we could
study the min eral com po si tion only of near-shore sediments.

In the light frac tion of fine sand (less than 2.89 Mg/m3)
quartz formed 80–90% (occasionally up to 95%, in some
places 70–75%), feld spars — 10–15% (occasionally up to
20%, in some places 5%), and car bon ates — 0–7%
(occasionally up to 15%).

In the heavy frac tion the most common con cen tra tions
(in %) were the following: haematite and limonite — 1.0–2.5
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Fig. 8. Mineral composition of fine sand fraction (0.1–0.25 mm) of beach
deposits close to: A — carbonaceous till at Muuga, and B — Devonian
sandstones near Tamme

Fig. 7. Beach profiles at Vehendi on June 25, 1982, June 27, 1990 and June 16, 2000; triangles in di cate  wa ter-level



(occasionally up to 5.6), magnetite and ilmenite — 12–20
(28.2), leucoxene — 0.5–2 (3.0), garnet — 25–40 (47.0),
amphiboles — 18–35 (38.0), pyroxenes — 3–6 (8.0), bi o tite — 
0.2–0.1 (3.0), zircon — 1–7 (11.0), tourmaline — 1–2 (4.0),
epidote — 3–5 (6.0), staurolite — 0.5–1 (2.0), sillimanite —
0–0.2 (0.4), ap a tite — 0.5–3 (4.0) and dolomite — 0.2–5 (8.0).
Quite often, collophane (broken mollusc shells) is present in
both the light and heavy frac tions.

14C dates and palynological studies suggest (Pirrus and
Raukas, 1984) that a layer of limy clayey silt with a  terrigenous 
component of up to 79% accumulated in the southern part of
the lake at the beginning of the Holocene during the first half of
the Pre-Boreal chronozone. In the second half of the Pre-Boreal 
and Boreal, about 1 m-thick layer of marl with a high con tent
(ca. 70%) of CaCO3 and a low content of organic matter
(3–18%) was deposited. Accumulation of lake marl was
enhanced (5.5 m) in the Atlantic Period. At the beginning of
this chronozone it contained more CaCO3 (60–65%) than at the 
end of it (about 48%). The content of organic matter increased
from 10–15 to 20–30% and of terrigenous component from

several percent to 32%. In the Sub-Boreal the content of
terrigenous and organic matter (up to 37%) increased, being
highest in the Sub-Atlantic sediments, where the CaCO3

content is only 1–2%. Similar changes in the chemical
composition have been established in the southernmost part of
the lake (Pirrus et al., 1993), where the CaCO3 content
regularly decreases and the organic matter content in the
second half of the Sub-Atlantic is over 40%. At the beginning
of the Holocene (PB, BO), the wa ter-level was about 8 m lower 
here than at present (ca. 26 m a.s.l.) and at the end of the
Mid-Ho lo cene it was 3–4 m lower still (ca. 30 m a.s.l.) than
today (Pirrus et al., 1993).

The Lake Vőrtsjärv holds about 200 mil lion m3 of sapropel
(gyttja). The to tal re serves of sapropel and lake marl are es ti -
mated at about 360 mil lion m3 (Veber, 1973), and these have
not been ex ploited up to the present. The sapropel in Lake
Vőrtsjärv var ies from light beige to black (mostly green -
ish-grey) in col our; and from jelly-like to plas tic in con sis tency. 
The av er age wa ter con tent is 90%, though af ter dry ing the col -
our changes. The chem i cal com po si tion of sapropel varies, de -
pend ing on grain-size com po si tion and con tents of car bon ates,
sand, silt and clay. Most of our anal y ses in di cated that sapropel
is rich in or ganic mat ter (30–40%) and con tains 0.6–1.2% of
po tas sium (K2O), 1.1–2.53% of ni tro gen, and microelements.

The or ganic part con tains humic sub stances, β-carotine, cel lu -
lose and hemicellulose, car bo hy drates and bi tu mens. Most
prob a bly, this type of biogenic sapropel can be used not only as
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Fig. 10. Mineral composition of fine sand fraction (0.1–0.25 mm) of: A —
wave-reworked till near Valma, and B — near-shore silty sand at Vaibla

Fig. 9. Con tent of free car bon ates cal cu lated to CaCO3 in the bot tom sed i -

ments of Lake Vártsjärv



a fer til izer in ag ri cul ture but also for me dic i nal pur poses and for 
pro duc tion of med i cine (humisol).

CONCLUSIONS

Lithology, thickness and facies distribution, but also the
geo mor phol ogy of shores and of ad ja cent valleys show that the
southern part of the Lake Vőrtsjärv is un der going a slow but
continuous subsidence. At the beginning of the Holocene the
wa ter-level in the southernmost part of the lake was about 8 m
lower than at present and at the end of the Holocene it was still
3–4 m lower than today. Nowadays, the wa ter-level in the lake
var ies greatly. In 1922 the maximum annual amplitude was
equal to 2.2 m, the long-term amplitude in the last century was
over 3 m and the rise during the spring flood was up to 174 cm.
Wide fluctuations of lake level have given rise to some
significant geomorphological features, causing damage on the
beach during the high-water level and hampering the
development of recreational facilities during the low-water

period. Low-water poses a significant threat to fish er ies.
Therefore, the regulation of the lake to the long-term annual
average is of urgent necessity. However, this should be
economically grounded, because with higher wa ter-level the
erosion on beaches increases. The close relationship of mineral
composition of the beach de pos its to the parent deposits and
rocks demonstrates that long-shore drift is weak or absent and
the sed i ment re dis tri bu tion is mainly by waves, and influenced
by bot tom topography. 
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