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PRELIMINARY RESULTS OF THE INVESTIGATION OF REFERENCE
SITES AND TYPE REGIONS IN THE EUROPEAN PART OF THE
SOVIET UNION

L. Saarse, A. Raukas, D. Kvasov

On the basis of vegstational, climatic and soil peculiarities
and geological and geomorphological conditions in the European part
of the USSR the biotic zonation and natural-geographical subdivision
of the territory have been carried out in accordance with the demands
advanced by the IGCP Project No.158 (Berglund, 1979). In the Eurcpean
part of the US5R the territory of which surpasses the total area of
West-European countries, according to E. Lavrenko and VY. Sochava
(Jlappenko; CouaBa, 1954), the tundra, woodland tundra, northern,cen-
tral and southern taiga (Boreal), mixed forest (Boreo-nemoral),broad-
leaved forest (Nemoral), woodland steppe, steppe and steppe desert
(semidesert) zones and subzones have been distinguished.In these bio-
tic zones and subzones 88 natural-geographical regions (type regions
by B. Berglund) in all with 103 reference sites have been suggested
(Fig. ).

The Kola Peninsula with the area of 144,900 sg.km locates ap-
proximately 111,600 lakes in the tundra, woodland tundra and northern

taiga subzones which are characterized by extremely poer mineraliza-
tion of lake water. Most of the lakes are less than 1 sg.km 1in area,
they are in oligotrophic stage of development showing distinct fea-
tures of eutrophication. The lithology of lacustrine deposits varies
with different parts of the peninsula. Thus, in the lakes located on
the Barents Sea lowland, minerogenous deposits are prevailing,whereas
siliceous-rich (diatomite) muds are common for the western part of
the peninsula and the Rybachiy peninsula. The lakes in the central
part of the Kola peninsula are alsao rich in silicecus muds with fer-

romanganese crusts and nodules in the profundal, those in the sou-
thern part are dominated by peaty gyttja (llvepeuwGepr, 1979). Since
the Kola peninsula lies north of the limits of calcarsous sedimenta-




Fig. Type regions and reference sites of
USSR, Legend on the page 11.

the European part of the
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Fig. Type regions and reference sites of the European part of
the USSR. Boundaries: 1- between biotic zones, 2- between natural-
geographic regions; 3- frontier of republics; 4- reference sites.
I-X - biotic zones and subzones: I- tundra, II- woodland tundra, III
- northern taiga, IV- middle taiga, V- southern taiga, VI- mixed fo-
rests, VII- broad-leaved forests, VIII- woodland Steppe, IX- Steppe,
X- Steppe Desert. HWKo- Kola peninsula! a- northern coastal, b- wes-
tern Murmansk, c- north-western mountain, d- eastern Murmansk, e=-
central, f-Khibins and Lovozero, g- Notozero depression, h- central
mountain, i- sauthern depression, j- Kandalaksha, k- Kovdozero Low-
land, 1- Terski. K- Karelian ASSR: a- north-western mountain, b-
lake district, c- White Sea Lowland, d- West-Karelian Uplands, e-
Onega-White Sea watershed, f- Asnis joki-Sunjoki, g- Suna-Shuja wa-
tershed, h- Polovenets Inlet-River VUyg watershed, i- Ladoga basin,
j- Onega basin, k- Onega-lLadoga watershed, l- Vodlozero basin. E -
Estonian SSR: a- North, b- West, c- Intermediate Estonia, d- Cent-
ral-Estonian watershed, e- Peipsi and Vortsjérv Lowlands, f- Middle
Devonian Plateau, g- Upper-Devonian Plateau. La- Latvian SS5R: a-
Coastal Lowland, b- Kurzeme Uplands, c=- MiddleFGauja Lowland, d-
East-Vidzeme and Aluksne Uplands, f- Lubano and Middle Daugava Low-
land, g- Latgale Uplands, e- Central Latvian Plain, h- Zemgale.
Lt- Lithuanian SSR; a- Baltic coast Lowland, b- Zhemaitiya Uplands,
c- Middle Lithuanian Plain, d- West Auksthaitaya Plateau, e- Baltic
ridge, f- South-eastern fluvioglacial Plain. BR- Byelorussian SSR:
a- Byelorussian Valdai, b- East, c- East Baltic, d- West Byelorussia,
e- Predpolesje, f- Polesje. U- Ukrainian SSR: Polesje: a- Volynia,
b- zZhitomir, c- Kiev, d- Levoberezhnoye; woodland steppe: e- Volyno-
Podplya, f- River Dnieper, g- Levoberezhnaya, h- Central Russian;
Steppe: i- northern Pravoberezhnaya, j- northern Levoberezhnaya, k-
Donetskaya, l- Starobelskaya, m- Black Sea and Tauria, n- the Carpa-
thians, o- the Crimea; Mo- Moldavian S55R: a- woodland Steppe, b-
Prednestr, c- Kodr Uplands, d- Kodr, e~ South-Moldavian and Bessa-
rabian Plain, f- Tiche Uplands. R- Russian SFSR: a- north-eastern
lake district: a,- tundra, ay- woodland tundra; b- north-western
lake district: b,- lakes of the Valdaian glaciation of northern tai-

1

ga, b,~- middle taiga, b,- southern taiga, b“- lakes on the catchment

2 3
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area of the Gulf of Finland; c- taiga lakes outside of the Valdaian
glaciation: .- northern taiga, Cy- middle taiga 3= southern tai-
ga; d- lakes on the north-western part of Boreo-nemoral zone: d_-
lakes on the catchment of rivers Velikaya and Lovat, dz- lakes 1un
the Valdaian ice marginal zone; e- lakes on the Middle Pleistocene
and periglacial area; f- lakes of northern Nemoral zone; g- lakes of
woodland Steppe; h- lakes of Steppe; i- lakes of Steppe Desert zones.

Reference sites: Karelian ASSR: 1- Ptichye, 2- Neinasuo, 3- Za-
povednoe, 4- Shombasus, 5- Selmechnoe, 6- Zarutskoe, 7- Nyhchinski
mokh, 8- Primorskoe, 9- Nosuo, 10- Mini-Tumba, 11- Rugozero, 12- Pu-
nozerka, 13- Severnoe Sovdozerskoe, 14- Nenazvannoe, 15- Mustusuao,
16~ Verstovaya gorka, 17- Gotnavolok, 18- Dlinnoe, 19- Koppalasua,
20- Hiilisuo. Estonian S5R: 1- Harku, 2- WK&smu, 3- Vaharu, 4- Kaha-
la, 5- Karujarv, 6- T#navjidrv, 7- Viitna Suur jdrv, 8- Viitna Vdike-
jérv, 9- Laukasoo, 10~ Nigula, 11- Raigastvere, 12- Soitsjdrv, 13-
Elistvere, 14~ Pikkjdrv, 15- Visusti, 16=- Umar j&rv, 17- Saviku, 18-
Paidre, 19- Mahe, 20- Tuuljérv, 21- V&llamde. Latvian S5S8R:  1- Lu-
bano, 2- Dlinnoe Shidzinyas, 3- Vorkaly, &4- Rudushkoe.
55R: 1- Shventele, 2- Shventoi, 3- Sietuva, 4~ Tutuvenu tyrelis,

Lithuanian

5- Nopaitis, 6- Gabiarishkis, 7- Ezherbala, 8- Zhuviantas, 9- Shepe-
ta, 10- Bebrukas, 11- Kriaunelis, 12- Drukshiai, 13- Gruodishkis,
14~ Glukas, 15- Varenis, 16- Glebas, 17- Chepkeliai. Byelorussian
S5R: 1~ Naroch, 2- Glubelka, 3- Dit; 4= Krivoe, 5- Zerinskoe, 6-
Voroby, 7- Kobuzi, 8- Sudoble, 9- Koldychevskoe, 10- Svityas, 11-
Maloe, 12- Svyatoe, 13- Poteh, 14- Bezymyanskoe, 15- Lochinskoe, 16-

Chervonoe, 17- Bobrovichkoe, 18- Oltuchkoe, 19- Grekhovskoe, 20-

Mochno. Ukrainian SSR: 1~ Makovich, 2- Svyatoe, 3- Hobit, 4- Ost-
rovenskoe, 5--Mezhleskoe, 6- Dvirskoe, 7- Baby Mokh, 8- Zgar, 9-
Girlovoe, 10- Plav, 11~ Vily, 12- Kuschevka, 13- Muravskoe, 14—

Mokhovatoe, 15- Troitskoe, 16~ Andreyevski Sukhoi Liman, 17- Kar-

dashinskoe, 18- Stoyanov, 19- Zaloztsy, 20~ Gelmiazevskoe. Rus-
sian SFSR: 1- Mutnoe, 2- Kasklya, 3- Chistic, 4- Gubinskoe,
5~ Nero.
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tion (in the Soviet Union calcareous deposits are common between 52ﬂ

and 62°N) lacustrine lime is absent in these lakes.

Beside the above-mentioned three biotic zones 12 natural-geogra-
phical regions have been distinguished. The narthernmost type regions
(to a-8, Fig. 1), located in the tundra and woodland tundra subzones,
are characterized by socle deeply disjointed peneplain on Precambrian
crystalline rocks covered by glacial and agueoglacial deposits.The ac-
cumulation of peat deposits here started only in the Subboreal period,
at least it was so in the Ura-Guba mire (Lebedeva, 1987). The western
part of the Kola peninsula is characterized by hummocky relief with
rocky heights. In this region the accumulation of peat deposits in
the vicinity of Imandra lake started in the Boreal (Lebedeva, 1987).
The stratigraphy of lacustrine deposits has been studied at the boun-
dary of the type regions Ko-e and Ko-j on Kovdor tableland (Essepos,

u Op., 1983). In the northwestern part of the Imandra lake basin a

thick diatomite layer (12-13 m) has been discovered and its bottom-
most part has been studied in detail. According to palynological and
microfossil data the deposition of diatomite started in the Atlantic
period. Among diatoms prevails Fragilaria (90-95%), among pollen and

spores - Lycopodium (73%). During the Atlantic period pine and birch

forests were dominating.
In the Khibines and in Lovozero region the middle block-mountains

with intensive glacial and nival activity traces are widely spread in
the western part, whereas socle ouval plains, limnoglacial and lacus-
trine alluvial lowlands are characteristic of the eastern part. Ac-
cording to R. Lebedeva (1987) the accumulation of peat deposits in
Umbozero region started in Atlantic period. The territory of the Ter-
ski region (Ko-e) is mostly covered by limnoglacial and alluvial la-
custrina deposits with kames and moraine hills. In the mire in the
middle course of the Olenitsa River organogeneous accumulation star-

ted not until the Atlantic period.
Related accumulation of lacustrine and peat deposits is caused

by the fact that the whole peninsula yag released from ice during the
Preboreal and Early Boreal only. After the retreat of ice and marine
water the primary vegetation started to form, which by the end of the

Boreal became differentiated into tundra, woodland tundra and nor-
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thern taiga communities. During the Holocene climatic optimum the fo-
rest limit extended nearly as far as the Barents Sea coast (Jle6ezmena,
1983). The vegetation was dominated by birch with pine acting as a
subdominant. Due to the climatic deterioration in the Subboreal the
tundra and woodland tundra area increased and their boundaries shif-
ted southwards reaching their present-day position in Subatlantic pe-
riod (Elina, 1987).

The Karelian ASSR lies within the northern and middle taiga
subzones. It has an area of 173.300 sg.km, the number of lakes 61,855

with their total area reaching 16,000 sg.km. Typical components of
the Karelian landscape are coniferous forests, lakes (19.2%) and mi-
res (30%). Mesotrophic lakes with medium mineralization degree of
lake water are prevailing. The share of organic matter and organoge-
neous lacustrine deposits has increased in comparison with that on
the Kola peninsula. The main types of lacustrine deposits are gyttja,
peaty gyttja, clay gyttja with ferromanganese crusts and nodules in
the upper part of sequences ( lirepen6epr, 1979). Terrigenous deposits
are found in the littoral zone of large lakes.

During the previous hundred years the largest lakes, Ladoga and
Onega, were subjected to a great number of geological and palaeogeo-
graphical studies, and so the history of these lakes has been eluci-
dated. At the same time therse is almost no material available in
scientific literature concerning the geological history of small la-
kes. The studies on small lakes started only some years ago in the
northern and western parts of Karelia in the frontal zone of Salpaus-
selka I and II ( 3kmam u ap., 1983) . Two main types of bottom depo-
sits have been distinguished: 1) the lakes with continuous sedimenta-
tion and transitionasl contact betwsen sand, silt and gyttja without
any traces of hiatus, and 2) the lakes with a sharp contact between
the minerogenous and organogenous deposits, sometimes with a peat
layer between them (OkM&E ¥ Ap., 1983). The lakes mentioned first,
are characteristic of glaciodepressions covered by tillbeds,ths lat-
ter are located in the kettle holes of outwash plains and kame fields.

In Karelia, as in all the regions, once covered by ice, the for-
mation of lake basins is closely connected with the dagiaciatinn of

the area. As it has been elucidated in the marginal zone of Salpaus-
selkd I the development of lake basins started 10,800-10,700 8.P.,
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in the Salpausselk# II zone - about 9800 B.P. In the hummocky  re-
1ief, where buried ice preserved in hollows, the lake basins formed
later, 9500-9300 B.P., in typical kettle holes (glaciokarstic hollows)
- 8100-7400 B.P. ( DxMaH W np.,1983). Due to the above-mentioned resa-
sons only the overgrown lakes and mires (altogether 20) have been sug-
gested as reference sites by G. Elina. Five type regions (Ka a-8) with
11 reference sites are located in the northern taiga subzone with mo-
raine plains, frontal marginal formations, eskers and undulating denu-
dational-tectonic and structural-denudational relief in the western
part, limnoglacial plains and marine aggradational and abrasion-aggra-
dational plains in the east (Lukashov, Ekman, 1982). According to the
data available ( Jamua, 1981) four of these reference sites (Solnech-
noe, Nosuo, Mini-Tumba, Rugozero) are overgrown lakes, the others
are mires in which the sedimentation of organic deposits started at
different time between the Preboreal and Atlantic periods.

In South Karelia within the middle taiga subzone 7 type reglons
(Ka f-1) with 9 reference sites have’'been selected out, among which
Punozerka, Nenazvannoe, Musfuauu, Verhovoi, Gotnavolok, Dlinnoe and
Koppalasuo are overgrown lakes. The moraine plains with eskers, ica
dividing aggradational uplifte and limnoglacial plains are the most
common relief forms here (Lukashov, Ekman, 1982). As the main results
obtained through the investigation of the above-mentioned reference
sites are presented by G. Elina and L. Filimonova (1987) we would like
to confine ourselves with mentioning that the formation of mineroge-
nous deposits started probably in the Allerdd (Shombasuo, Gotnavolok)
however, the onset of the accumulation of the organogenous deposits
commonly falls into the Boreal, more seldom into the Preborsal.

In the Estonian SSR there are approximately 1500 lakes and
20,000 bog-pools with an area of 2130 km2, which makes up 4.8% of the
total area of the republic. At the beginning of the Holocene the area
of lakes was thrice as much as it is nowadays, since 40% of mires for-
med due to the overgrowing of lakes (Veber, 1970). The overwhelming
majority of Estonian lakes are of glacial origin, at the same time
the number of relict lakas resulting fiom neotectonic uplift of the
Earth’s crust in the coastal area of the Baltic Ssé, is also remark-

able. Estonia belongs to the Boreo-nemoral biotic zone of mixed fo-
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rests in the West and East Baltic region with their boundary being
guite close to that of Lower and Upper Estonia (Tammekann, 1933). The
former comprises the lower coastal area and inland depression, which
during the late-glacial and Holocene were submerged by the waters af
the Baltic Ice Lake and the Baltic Sea. Within these two main units

7 type regions with 21 reference sites have been distinguished (Saar-
se, Raukas, 1984).

The most profoundly studied lake area of Estonia is the Saadjarv
drumlin field with continuous lacustrine sequences from the Ulder
Dryas (Pirrus,et al.,1987). In Estonian lakes the late-glacial part
of the seguences is represented by minerogenous deposits,usually by
grey or greenish-grey silts and sands, fraquently laminated by dis-
persed organic matter in Allerdd and Bryales moss remnants in Younger
Dryas sediments. The lacustrine sediments are underlain by till, flu-
vioglacial and limnoglacial deposits. The transition from glacial de-
posits to lacustrine ones is lithologically well marked by replace-
ment of brownish till or varved clay by grey silt or clay. Late-gla-
cial lacustrine deposits are characteristic of the lakes which basins
are located on the glacial insular heights, uplands or plains, where-
as they are very thin or entirely absent in lakes of outwash plains
and kame fields. Organogenous and calcareous sedimentation in Esto-
nian lakes started in the Preboreal or at least in the Boreal, and so
the late-glacial and postglacial boundary is rather sharp, marked by
the replacement of minerogenous sediments by organogenocus or calcare-
ous ones. The most widespread Holocene lacustrine deposits here are
gyttja and lacustrine lime and numerous facial varieties between them.
In the littoral zone of large lakes one can also meet terrigenous se-
diments. The total thickness of lacustrine sediments in Estonian 1la-
kes is usually 3-5 m, rarely more than 10 m (Soitsjirv, Kariste) with
the maximum thickness reaching 18 m in drainage lake V&imela. Some
results of the investigation on Estonian lakes are presented in the
J.-M. Punning et al. and E. Ilves,

papers by R. Pirrus et al.,
H. Mdemets, in the present volume.

The Latvian SS5R. The lakes, about 3000 in number make up
1.5% of the territory of the republic. Up to now the number of paly-
nologically studied lakes and mires exceeds 100, but unfortunately,
they do not meet the demands of IGCP Project No. 158. The oldest la-

about
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custrine deposits studied by V. Stelle (Crexxe, 19gg; Janunanc, Crer-
ne, 1967) have been formed in the Allerfid interstadial (Bata,Shker-
velis, Dukulupite). The late-glacial is represented in sequences by
minerogenic deposits, according to T. Bartosh (Baprow, 1976), in
some places also by calcareous deposits, which at the beginning of
the Holocene were replaced by organagenous and calcareous deposits.
Lacustrine deposits are underlain by till, fluvioglacial and limno-
glacial sediments. On the bottommost part of organogenous lacustrine
sediments there is also Hypnum peat, woody Hypnum or hypnum-sedge
peat layer with a thickness of 0.1-0.3 m ( Mei#tiponc, Crpayme,1979).
The most common lacustrine deposits in Latvia are gyttja, peaty gyt-
tja, calcareous gyttja, silty gyttja, lacustrine lime, silt, sand
and clay, very rarely coarse minerogenous sediments with their total
thickness varying from 0.5-1.0 m up to 6-8 m, maximum 10-14 m (lakes
kivdulju, Rimshu). The lacustrine deposits, usually in shallow lakes
with calcareous-rich sediments in the littoral zone, are characteri-
zed by a distinct facial transitions of deposits from sublittoral up
to profundal zone.

On the basis of pollen and spore diagrams from 34 sites which
cover almost evenly the whole territory of the republic an average
pollen diagram was compiled and some regional peculiarities in the
composition of palynozones in different parts of republic were poin-
ted out (Lanuaanc, Creuaxe, 1971).

Research on lakes and mires in Latvia came to a standstill in
the seventies, a new rise was observed at the beginning of 1980ies.
The researchers from the Institute of Lake Research (Leningrad) per-
formed studies on six small lakes on Latgale Upland (Sergeeva et al.,
the present volume). Unfortunately, only the Holocene part of these
lake seguences has been dealt with. One of the most profoundly stu-
died lake basins in Latvia is that of Lake Lubanas (Fig., La-8) on
the lowland of the same name. As a result 10 pollen and spore dia~
grams were compiled and 38 1“8 datings performed ( Mresec, Megne,
1979). The age of 13 dwellings dating back to the Stone age was
established (“ose, O6epxapxac, 1983). At the end of the Allerdd the
large limnoglacial water body drained and small residual lakes in-
cluding Lake Lubanas remained. In the Early Holocene ancient duwel-
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lings were erected around Lake Lubanas. Lithological, biostrati-
graphical and levelling data refer to four transgressions in the Ear-
ly Mesolithic, Early and Middle Neolithic stages and during the Bron-
ze age, and to two regressive phases in the Late Atlantic and at the
beginning of the Subboreal. After the Early Mesolithic transgression
the formation of lacustrine clay, silt and sand, calcareous rich clay
and lake marl took place. Succeedingly, during the next 3000 years
the gyttja deposited. In the Late Atlantic period due to high water
level the basin of Lake Lubanas started to overgrow and the duwel-
lings were buried under the peat.

In Latvian SSR 8 type regions with & reference sites have been
selected (Fig.).

In the Lithuanian SSR the number of lakes exceeds 3000 and they
make up 1.5% of the territory of the republic. The trophic stage of
lakes varies from oligotrophic to ultraeutrophic, and the mineraliza-
tion degree of lake water shows also differences. Lacustrine deposits
are represented by gyttja, peaty gyttja, calcareous gyttja, lacustri-
ne lime, sand, silt, clay and gravel. Ferrogenous and siliceocus- rich
(diatomite) deposits are not typical of this area. The thickness of
lacustrine sediments reaches 38.5 m, being 6-8 m on an average.In the
majority of lakes the deposition of lacustrine sediments started in

the Older Dryas or Allerdd (Zhuvinta, Druksniai, Glukas, Varenis,Sie-
tuva)( KaGaiiaene, 1969). In the overwhelming majority of lakes the
late-glacial sediments are represented by minerogenic deposits but
there are a lot of lakes where peat formed during the Allerdd.The Al-
lerdd beds rich in plant remains serve as a stratigraphic marker in
the correlation of different seguences.

Since the Lithuanian territory recovered from ice earlier than
the other Baltic Republics it is natural that the formation nf notanly
organogenous but also calcareous deposits started here garlier - in
the Younger Dryas or in the Allerdd. Intensive calcareous sedimenta-
tion took place in the Preboreal and Boreal periods which in the At-
lantic period in the majority of lakes was replaced by organogenous
sedimentation with its maximum falling to the Subatlantic period (Ta-

pyuxmruc, 1975).
Considering the peculiarities of topography six type regions
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with 17 references sites have been suggested by M. Kabailiene and
J. Tamoshaitis. These sites include mires, overgrown and modern lakes.
Mostly the data on these reference sites have besn published already
(KaGait tene, 1969;Habaitzene, 1983; Kabailiene et al.,1987; Tamoshai-
tis, 1987). According to the results obtained in the Older Dryas the
territory was covered by stunted tundra and woodland tundra species
with rare Betula and steppe elements. The lake basins were fulfilled
with dead ice blocks buried under tills and aqueoglacial deposits. In
the Allerdd the intensive melting of buried ice and sinking of lake
basins took place. Sand, silt, calcareous mud and peat accumulated in
lake basins. Pine and birch were spread, and formed evidently forests.
Due to Younger Dryas cooling the glaciokarst processes decreased
and the sedimentation of organogenous-rich lake deposits developed.
Minerogenic sedimentation in lakes represented by silt, sand and clay-
gy deposits continued. In the local vegetation the forestless commu-
nities were prevailing with sparse birch. Diatoms were dominated by
Fragilaria, Navicula and Amphora spi In the Preboreal after the fi-
nal amelioration of climate glaciokarst processes and the formation
of kettle holes came to an end. In lakes the sedimentation of gyttja
or lacustrine lime prevailed with diatom flora characteristic of oli-
gotrophic lakes. Pollen spectra were dominated by birch with pine ac-
ting as a subdominant. All these processes continued in the Boreal
being accompanied by intensive paludification and overgrowing of la-
kes. The forests consisted mainly of pine, since the second half of
the Boreal - from pine and hazel. The amount of diatoms and their ta-
xa, especially planktonic algae decreased, referring to the lowering
of water level in lakes. During the Atlantic period the formation of
gyttja and peat in the lake basin prevailed accompanied by accumula-
tion of calcareous deposits in the shallow littoral zone. The lake le-
vel was presumably high since the diatom flora was abundant. Broad-
leaved trees reached their maximum. In the Subboreal the accumulation
of organogenous deposits in lakes continued, at the same time these
lake basins experienced extensive paludification. The lake level was
low as can be judged by the decline in the diatom flora, planktonic
and pelagic species in particular. The share of broad-leaved trees

decreased with contemporanecus increase in hazel and afterwards in
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spruce. During the Subatlantic period the above-mentiocned processes
progressed in lakes, the lake level evidently rose and the number of
planktonic diatoms increased. In the forest the share of hazel and
spruce diminished due to the prevalence of pine and birch (Habailnene,
1969, 1983, etc.). A
The Kaliningrad province

the coast of the Baltic Sea, west of Lithuania is rich in lakes as
than

with area of 15,100 sg.km located on

well. Here one can enumerate about 400 lakes with an area less
10 ha. The main stratigraphical and palaeogeographical features of
five lakes have been studied (IllectakoBa,ExoBnuesa, 1975). Lakes
Vysynetskog, Russkoe, Borovikovo and Rogovoe are located in the sou-
thern part of the province in the area of hummocky moraine relief.
Lake Uzkoe lies in its north-uestern part. The deposition of lacust-
rine deposits started in Lake Uzkoe in the late-glacial, in the most
of others - in the Preboreal. According to palynological and litholo-
gical data this area was covered in the Younger Dryas by sparse birch
and pine, a lot of lake basins were filled with ice and sandy-clayay
deposits accumulated in once formed basins. Like in Lithuania the be-
ginning of the Holocene was characterized by intense development of
birch as a dominant and pine as a subdomipant. The formation of gla-
cigkarst hollows came to an end. Since the two Lithuanian reference
sites lie guite close to the borders of the Kaliningrad province they
characterize the environmental and climatic changes in the Kaliningrad
province as well, and for this purpose no special reference sites
been suggested there. 0
The Byelorussian 55R lies within the mixed and brosd-leaved fo-

have

rest zonaes. Here proceeds the limit of the Valdai (Weichselian) gla-
ciation. There are about 10,000 lakes in Byelorussia with an area of
2000 sg.km. Without any doubt, it is the region where lakes have
been studied more profoundly than in any other part of the Soviet
Union. At the same time it is the only republic where mostly modern
lskes, 17 altogsther, were suggested as reference sites. The main re-
sults of deglaciation, formation of lake basins and sedimentary fea-

tures are discussed in the paper by O. Jakushko (1987), the problems

concerning vegetation history and climatic changes during the late-
glacial and Holocene with the calculations of climatic parameters are
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treated in the paper by Y. Elovicheva and I. Bogdel (1987), and the
diatom successionsin the paper by B. Vlasov and G. Khursevich (1987).

The Ukrainian SS5R is located beyond the boundaries of the Val-

dai glaciation and it belongs to the broad-leaved, steppe and wood-

2000
sq.km, are located mainly in the northern part of the republic, in

land steppe subzones. Lakes, more than 3000 in number, area
the area of the Ukrainian Polesye. Beside such large lakes as Svit-
jaz, Pulmo, Somino there are also about 300 small lakes with an area
below 10 ha. But also these modern lakes are shallow with their ba-
sins being fulfilled with sediments and they have reached the age of
senility. In the Polesye region S. Turlo and M. Veklich have selec-
ted 5 lakes and one lake/mire as reference sites. Due to arid clima-
te, good drainage and smooth surface relief there are a few lakes
left in the woodland steppe and steppe zones. They are assemblad in
‘ it is quite
natural that 10 mires have been suggesied as reference sites for

river valleys and serve as typical oxbow basins. So

this area. The thickness of peat depésits in these mires varies from
2.8 m up to 12 m. The formation of mires Zgar, Girlovoe and Troits-

koe dates back to the Alleriid, that of the mires Vily and Mokhovatos
- to the Atlaniic. The development of mires has been dealt with on

the basis of palasogeographical evidence by Artjushenko et al. ( Ap~-
TOWEHKO. M AP., 1984).

The lakes of the Polesys region have been studied by A. Artju-
shenko (ApTomesxo, 1975) and the following survey is based on her
paper. As it was mentioned above the lakes in the Polesys region are
shallow, 1-1.5 m in depth, the basins ars fulfilled with deposits up
to 14 m in thickness and all these lakes ars at the latest stage of
overgrowing. Uften the water surface is carpeted by plants and lit-
toral zones ars rich in macrophytes. The bottomset beds of the lakes
Makovich, Svjatee and Hobit consist of Alnus, Quercus, Tilia,Corylus
pollen with the admixture of Picea. Such pollen composition with Ar-
temisia, Chenopodiaceasand Ephedra corrssponds to mixed forssts. Du-
ring the Allertid the pine-birch-oak forests were widely spread in
FPolesye. Lakes were shallow with gueking Hypnum carpet and moderate
planktonic diatoms (less than 15%). In the Early Holocene the wes-
tern part of Polesye was covered by pine-birch forsstis with sieppe
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patterns, in the lakes Hypnum moss, Carex, Typha and other macro-
phytes and cryophytic diatoms were spread. At the end of the Early
Holocene the water level rose and several new basins, such as Dvirs-
koe and Ostrovenskoe were filled with water. In the Middle Holocene
the area of broad-leaved forests widensd and they spread all over the
Northern Ukraine. According to macrofossil analysis the share of
Hypnum,Sphagnum, Graminae, Carex, Phragmites, Scheucheria, etc. was
also remarkable. The number of planktonic diatoms diminished down to
their complete disappearance. Lake sediments wers represented by pea-
ty gyttja with Hypnum, Phragmites, Carex, etc. remnants. The next
rise in water level occurred in the Late Holocene. The quantity of
plant remnants (Nymphea, Potamogeton, stc.) increased, the blue-green
algae disappeared and once more the number of planktonic diatoms in-
creased. Paludification of lake basins was in progress and the upper-
most part of lake sediments was rich in coarse detritus. Lately the

Holocene vegetation history of the whole Ukraine was clarified (Ap-

TOWEHKO W Ap., 1984).
In visw of natural zonality of the European part of the Russian

SFSR, geological and geomorphological peculiarities of the relief,
resulting from different glaciations, 8 lake districts with several
emaller units within them have been distinguished ﬂBacoa, 1987) .The
overwhelming majority of lakes are located in the area once covered
by ice, in steppe, woodland steppe and steppe-desert subzones
are a few lakes left and several of them withbrackish water.The for-

there

mation of lakes of this area continued and came to an end at diffe-
rent time, mostly between 12,000 and 8000 years B.P. in connection
with ending up of glaciokarst processes.
The lake district of the Far North-East (Fig. R-a) lies in the
tundra and woodland tundra subzones, washed by the waters of the Ba-
rents Sea in the north and bounded by the rivers of Usa, Pechora and
Tsilma in the south. This area was covered with inland ice,which re-
treated rather slowly at the end of the Preboreal. There are a great
many lakes left in the Bolshezemelskaya and Malozemelskaya tundra re-
gions due to permafrost pattern and disjointed relief, sspecially in
the ice marginal zones. In the coastal area of the Barents Sea the

relict coastal lakes, lately isoclated from the sea are common. Their
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deposits are represented by gyttja, clayey and sandy deposits with
ferromanganesse crusts. Unfortunately, those layers haven’t been sub-
Jjected to stratigraphical studies so far.

North-western lake district (R-b) borders on the ice marginal

zone of Valdai glaciation along a line which runs through Pskov,Sta-
raya Russa and Vesegonsk and coincides with it in the south-east. In
this district several smaller units have been differentiated, first
of all the largest lake basins, such as those of Unega and Ladoga,
big lake basins, such as Peipsi and Ilmen on the watershed of the
Gulf of Finland, and lakes Beloe, Kubenskoe, Vozhe and Lacha on the
watersheds of the rivers Sheksna, Sukhona, and Onega. Geological hig-
tory, bottom depasits and sedimentational peculiarities of these la-
kes have been studied in detail,-but because of their large area

they do not meet the demands of reference sites. Lakes on the low-
land, on the watershed of the Gulf of Finland (Fig., R-bh) are scat-
tered over the territory west and south of Lake Ladoga. On the Kare-
lian Isthmus there are approximately 700 lakes, out of which the la-
kes of Krasnoe, Lopata, Glukhoe, Vuoksa, Blagodatnoe, Vishnevskoe

and Maloe Kirillovskoe have been subjected to stratigraphical stu-
dies (Maxscosa,Cnupuznonosa, 1967; Manacosa, Coxoioma, 1967, stc.).
According to the data abtained late-glacial freshwater bodiess exis-
ted here in which the laminated deposition of silt and clay was fre-
guent. At that time the pollen spectrum was dominated by tree pollen,
mostly Pinus (maximum 50-70%) with the admixture of grasses and spo-
res up to 4O0-50%. Among the grasses the pallen of Artemisia, Chenopo-
diaceae, Gramineae, Plantaga, Filipendula, Ephadra, Helianthemum,estc.
is remarkable, showing that these sediments ar- nf the late-glacial
origin.

In the Younger Dryas the sparse vegetation with birch shrubs
and grasses were spread forming 25% of the total amount of pollen.In
the Preboreal the intensive distribution of forests began. The nor-
thern part of the isthmus became covered by birch foreets and mea-
dows with abundant Artemisia and Chenopodiaceae in places. The sou-
thernmost part was occupied by pine forests (80% of the pollen)
with Carex, Gramineae, etc. among the nonarboreal poallen (NAP). Due

to the climatic amelioration in the Boreal the pine expansion conti-
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nued and it occupied vast areas all over the isthmus. Among NAP Gra-
mineae, Rosaceas, etc. were common. It was a very important
phase in the development of lakes as the minerogenous sedimentation
became replaced by the organogenous one which has continued up to the
present. In the Atlantic period the forests were represented by ha-
zel, birch and broad-leaved trees (5-10%). The composition of grasses
remainad similar to that in the Borsal. In the Subboreal the pine
curve culminated at the background of the decrease in hazel and
broad-leaved trees (1-4%) as well as grasses. The same tendency was
in progress in the Subatlantic period when pine became again to do-
minate in the farests.

Lakes in the ice marginal zone of the Valdai glaciation (Fig.,
R-b1_3) are mostly assembled on the inland heights of Vepsa, Valdai,
atc. Most of them are comparatively small with the area less than 0.5

sg.km with moderate mineralization of lake water, that greatly de-
pends on the geological-geomorphological structure of an area. Silt,
clay, silty and clayey gyttja with ferromanganesian crusts and nodu-
les and terrigenous facies in the littoral zone are widespread in
these lakes. Southward the role of organogenous deposits gradually
increasaes, but this general trend is interrupted in places by diffe-
rences in sedimentational processes of several lakes. The steatigra-
phy and geological history of these lakes has not been cleared up.
The main features of development of glaciokarst lakes on Vepsa
Heights have been elucidated by G. Kulikov and pollen and spores ana-
lysis of lake and mire deposits of the Iksha depression have been car-
ried out by E. Devyatava.

There are a few lakes in the district of the taiga zone, beyond
the limits of the Valdai glaciation (Fig., R-c). The formation of
these lake basins has been predetermined by the processes typical
of the periglacial zone. A lot of lakes are of karst origin formed
after the melting of permafrost. The lake water is rich in mineroge-
nous compounds, especially in comparison with that in the western
area. In general, bottom deposits in northern lakes are represented
by peaty gyttja, in southern lakes by algal gyttja. Studies have
been performed on the lakes Galichskoe, Ustchemerovo, Sindorskos and
Svaetloe (Hopzs, 1956, 1959; Cmupwosa, 1981, etc.).
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The southern and eastern borders of the North-west lake district

of Horeo-nemoral (mixed forest) zone (Fig., R-d) coincide with the

maximum limits of the Valdaian glaciation. On the watershed of the ri-
vers Velikaya and Lovat (R-d1) there are a few lakes left, most of
them are already overgrown. Their development has been touched upon
in the literature very briefly (Lesnenko, 1987). Contrary to vValdai
ice marginal zone the Heights of Bezhanitskg Sudomi and the southern
part of Valdai Upland are rich in lakes. Lakes Seliger, Mutnoe, Kasp-
lya and mire Chichik have been investigated in greater detail (see
kremen et al., 1987) and the latter three also serve as reference gi-
tes. The beginning of the accumulation of lacustrine deposits is da-
ted back to BBilling and Allerdd when the gyttja clay and silts wers
deposited. In sediments of the Early Holocene age the carbonate can-
tent is higher, in sediments of the Middle and Later Holocene the ro-
le of organogenous matter has increased. In dependence of the hydro-
graphical regime of lakes the degree of fulfillness is different, in
the lakes with slight drainage the thickness of deposits reaches 2-3m
in lakes with intensive drainage - 3-5 m (MaiscoB& M ZAD-, 19g3),

The lake district in the Boreo-nemoral zone in the Middle Pleis-

tocene glaciation area and its periglacial surroundings (R-e) is poor

in lakes. At the same time lakes Nero and Tatischevao investigated
here, are of the utmost importance while studying glacial history of
the area. 100 m thick core of terrigenous, carbonate and siliceous
deposits, and deposits rich in organic matter have been discovered in
the depression of Lake Nero formed during the Middle and Late Pleis-
tocene and Holocene (Anemmncxaa, 1974). The area of modern Lake Nero
is 517 sg.km, average depth 1m, maximum &m. It is a highly eutrophic
lake with mineralization of water reaching up to 1000 mg/1l and with
diatom flora typical of this trophic stage (T'ynosa, Jepnar, 1983).
Still at the late-glacial/post-glacial boundary it was a rather deep
(ca 20 m) oligotrophic water body with diatom flora typical of peri-
9lacial lakes ( Axeumnckas,[ysosa, 1975). During the Younger Dryas,
Preboreal and Boreal 12 m-thick dark grey and calcareous clay
(CaCD3 - L0%) was deposited. At the beginning of the Atlantic period
calcareous gyttja started to deposit, in the Subboreal - peaty gyttja
(Aleshinskaya et al., 1987).
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Accordingto palynological data Lake Nero district was covered in the
Allertd with forest communities which degradated im the Younger Dry-
as. In the Preboreal the birch forests with meadows culminated.Dense
forestation started in the Boreal when the birch and pine forests
spread. As in the whole investigated area the broad-lsaved trees im-
migrated during the Atlantic period. In the lakes planktonic diatoms
of the Early Atlantic period became replaced by the shallow water
taxa. Distinct reorganization of diatom flora took place in the Sub-

boreal simultaneously with the beginning of the formation of detri-

tus gyttja. There appeared significant changes in the constituents
of forests as well, first of all the reappearance of spruce forests,
which in the Subatlantic period were replaced by mixed forests of
pine, birch, spruce and Quercus mixtum (Aleshinskaya et al., 1987) .«

Despite the general tendency of filling the lake basin with se-
diments, the transgressive (PB, BOI, ATI, SBI) and regressive (B0II,
SBII, SA middle) phases in the history of Lake Nero have been distin-
-guished (Areumuckas, ['yHOB&, 4975). Transgressive phases ococurred
during the humid and cool climate regressive - during the arid and
warmar climate.

In Lake Tatischevo which recently underwent complete drainage
started at least at the end of the Middls Pleisto-

The maximum thickness of gyttja (40 m

the sedimentation

cene ( CeMeHEHKO ¥ JAD., 1981).
e Somino) is related to the Holocene ( He#mwTanT u IOP., 1965;

1977). The lakes Glubokoe, Nerskoe, Beloe and Kosinskoe

in Lak

XoTunckuit,
in the vicinity of Moscou were also subjected to detailed geological
and palynological investigations ( llep6axos, 1967; Hopaa, 1959; Ye-

nexnckas, 1980, etc.). The development of these lakes started at the

end of the late-glacial or at the beginning of the Holocene when the

permafrost melted and karst processes started. In Smolensk

the Allerdtd age have been studied (K¥remen et al.,
oxbow

region lakes of
1987). Lakes in the middle course of the Volga River are of

and karst origin. Karst process is going on at present as well.

In woodland steppe (R-g) there are only a few lakes left on the
Most of them have overgrown. T. Serebryan-

terraces of river valleys.
naya ( CepeOpaHHad, 1976) has studied

sits on the Central Russian Upland.

the stratigraphy of lake depo-

w DT =

Steppe zone (R-h) is characterized by a very small number of
lakes among which the oxbow lakes are dominating. Unfortunately their
stratigraphy, geology and molluscs fauna have been studied very fra-
gmentarily without any profoundity about their deposits. The same can
be said about Steppe-desert (R-i) where are typical oxbow lakes in ri-
ver valleys and delta plain of the rivers of Volga and Ural. In some
lakes the mineralization of lake water is so high that they belong to
the brackish lake group. Among them Lake Elton and Lake Baskunchac
have been studied more completely (BacuaweB, 1955; CemuxarToB, 1933)
The thickness of their deposits is over one hundred meters, but thai;
stratigraphy has not been elucidated yet.

Summing up the results obtained through the investigation of
lake and mire deposits in the European part of the USSR we would like
to outline the importance of these deposits as they carry the infor-
mation on the late-glacial and Holocene stratigraphy, palasogeography
and climate. In this aspect lake and mire deposits are more complets-
ly investigated in Byelorussia, Lithuania, Estonia and Karelia, where
the obtained material is also generalized, the regional features of
vegetational history in time and space have been elucidated, on the
basis of biostratigraphical data (subfossil molluscs, diatoms, macro-
fossils, etc.) the environmental reconstructions and the calculations
of palasoclimatical parameters are in progress (Klimanov, 1987). In
comparison with these, lakes in the north and south of the East-Eura-
pean lowland are studied unsufficiently so far. On the basis of the
data obtained we are able to conclude that during the Valdaian (Wei-
chelian) glaciation under the conditions of arid and cold climate the
permafrost phenomena spread over a large periglacial area. At that
time a lot of proglacial lakes existed but the ice-free area actually
lacked small typical lakes. Lakes Nero, Tatishcheva, Elton and Bas-
kunchac and possibly a few more lakes existed there during the Valdai-
an glaciation. The overwhelming majority of lakes formed during the
late-glacial and Early Holocene.

Academy of Sciences of the Estonian S5.5.R.
Institute of Geology

Academy of Sciences of the U.5.5.R.
Institute of Lake Research
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BOTTOM DEPOSITS AND PALAEOLIMNOLOGY OF LAKE NERO

Z. Aleshinskaya, V. Gunova, O. Leflat

Lake Nero is situated in the Yaroslavl Volga region in the
north of the subzons of mixed coniferous-broad-leaved forests. Its
area is 51.7 sq. km, the typical depth - betwsen 0.7 and 1.2 m. The
absolute height of the water edge is about 93 m. It is a drainage
lake. The sum of the mineral substances dissolved in the lake’s wa-
ter is about 200 mg/liter. By the compositien of tha water, the lake
belongs to the class of hydrocarbonate ones,and by its physico-che-
mical properties - to sutrophic water basins.

Tha lake basin in the Rostov depression has existed unintarrup-
tedly since the end of the Middle Pleistecene or, to be more pre-
cise, since the period of degradation of the Moscow glacier. A 100-
meter layer of deposits has accumulatsd during that time. On the
basis of a comprehensive study of these deposits the history of the
lake during 150,000 years has earlier been rseconstructed ( Asemunc-
xas, 'yHosa, 1976).

This paper is devoted to the results obtained through a
tailed study of the 30-meter layer of Lake Nero’s deposits that have
accumulated during the past 15,000 years. For the study a complex
approach was used including granulometric, mineralogical, geochemi-
cal, palasontological (palynological, palascalgological and among
them diatomic and carpinological), archaeological and radiocarben

da~-

analysss.
Four stages characterized by accumulation of differsnt types of

deposits may clearly be distinguished in the history of the lake.
The first stage is betwsen 9,000 and 15,000 B.P. (the Early
Dark gray clays with a low content of

Dryas and Prsboreal periods).
organic matter (less than 3%

calcium carbonate (less than 8%) and
have accumulated in the lake during that time. The thickness of thesi

terrigenous deposits is about 12 m. In the composition of ths sand
fraction of these deposits, alongside quartz (60 or 70%), there 1s
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a considerable amount of feldspars (between 20 and 25%) .

The following cryophitic species predominate in the diatoma-
ceous flora Cocconeis disculus (Schum.) Cl., Navicula scutelloides
W.5m., Melosira scabrosa Ostr., Opephara martyi Herib.
which means thet at that time the laks had the features of a deep
periglacial oligotrophic basin poor in flara and fauna (Fig. 1). '

In the spore and pollen spectra of Preboreal time, as well
in all the above layers, there is a complete predominance of the
pollen of arborescent spescies and a sharp decrease of the grass pol-
len (Fig. 2). Such a regularity may be traced in many diagrams of
the Central part of the East European Plain and it corresponds to the
transition from practically treeless landscapes of tha Late Pleisto-
cena to the forest landscapes of the Holocens.
sition of the pollen and spore spectra,

and othsers,

Judging by the compo-
in Preboreal time thare ware
mainly birch forests along the shores of the lake. In some parts yer-
nick thickets of dwarf birches and herbaceous groups were preserved.
The climate was colder than at present, but it proved changable. The
increase in the share of tundra (low shrub spaciss of birches) and
steppe (wormwood and Chenopodiaceae) elements in the spectra of the
second half of the period shows that there was a partial restoration
of the periglacial plant complex associated with the Perseslavl cogl-
ing coming after the Polovetsk warming ( XoruHcknit, 1970).

The second stage is betwean 8,000 and 9,000 B.P. (thae Boreal
period). During that time gray carbonate clays about 6 m in thicknass
formed in tha lake. In the first half of the period the content of
85003 in them increased up to 45% and in the second helf of the pe-
riod it fluctuated betwsen 35 and 40%. As in the esrlier period, the
amount of organic C didn’t exceed 3%. The granulometric and miners-
logical composition was on the whole analogical to that of the un-
derlying stratum. At the beginning of the Boreal tourmaline made the
appearance and at ths end of the period the share of authigenous mi-
nerals and primarily of pyrite increased.

This period marks the beginning of the eutrophicatisn of the
lake. Diatoms were dominated by the species of the littoral of trans-
Parent oligotrophic basins: Navicula scutelloides W.Sm., Opephora
martyl Herib., Melosira italica subsp. subarctica O. Mill., espacial-

e —
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ly in the second half of the period (Fig. 1). At the same time, tem-
perate and temperate-heat requiring plankton specias, characteristic
of sutrophic basins, became more numerous: Melosira granulata (Ehr.)
Ralfs., Melosira italica (Ehr.)Katz., Stephanodiscus astrsase (Ehr.)
Grun., especially in the second half of the period. The composition
of diatoms allows to presume a higher level of Lake Nero in the first
half of Boreal time, when the following species predominated amang
the planktonic ones: Melosira granulata (Ehr.)Relfs., Melosira itali-
ca (Ehr.)Kkatz., Stephanodiscus astrese (Ehr.)Grun. In the second half
of the period the level of the lake dropped. At that time littoral
and bottom species were very diverse including several temperate and
thermophilic ones.

The pollen and spore spectra of the deposits of Boreal time are
distinguished by the predominance of pine and birch pollen. The pollen
of dwarf birches gradually disappears giving place to that of broad
-leaved species. The pollen of herbaceous plants, and above all of xe-
rophytes, is represented by single grains. Forests of pine and birch
occupied a daminating position in the studied region. In the second
half of the period there appeared an admixture of broad-leaved spe-
cies. The climate was similar to the present one, but somewhat colder.

The third stage - from 4,500 to 8,000 B.P. (the Atlantic period).
Beginning with the Atlantic period carbonate sapropels (6.5 m in
thickness) began to accumulate in the lake. The maximum gross contant
of carbonate in the section ig 83%. Changes ars observed in the compo-
First of all the role of limonite increa-
The appearance of limo-

sition of the clay fraction.
gses due to transformation of other minerals.
points to the replacement of the reduction conditiens by oxidi-
The content of hornblende and epidote sharply decreases.

jgthene, tourmaline, alman-

nite
zing ones.

There is alsoc a decrease in the role of d

dine and zircon. As pointed out by E.A. Vinogradova ( Bunorpanosa,

1956), the sapropel deposits of Lake Nero from the Atlantic period
are considered to be quite peculiar because, alongside the clastic

minerals, they include new formations of calcite, dolomite, pyrite ,

and vivianite.
In the carbonate sapropels of
minance of temparate-heatrequirinqand heat-

Atlantic time there is the predo-
requiring planktenic spe-
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cies, among which most abundant are Melosira granulata (Ehr.)Ralfs.,
Melosira italica (Ehr.)KGtz., Stephanodiscus astreae (Ehr.)Grun.,Sta-
phanodiscus astreae var.minutulus (Katz.)Grun. typical of sutrophic
pasins. The diatomaceous flora of the first half of the period is
characterized by predominance of such planktonic species, as Mslosira
granulata (Ehr.)Ralfs., Stephanodiscus astreaas (Ehr.)Grun., Cyclotel-
1a comta (Ehr.)Witz. (Fig. 1). In the diatomaceous complex of the se-
cond half of Atlantic time the role of benthic spacies increases due
to the development of shallow-water species (mainly the spscies of
the genus Fragilaria). Alsc the planktonic speciss are dominated by
those distributed in shallow waters. Thus, in the first half of the
atlantic pericd Lake Nero was rather deep and warm, while in the se-
cond half of the period it turned into a shallow-water and wsll - hea=-
ted basin rich in flora and fauna.

The deposits of the Atlantic period are distinguished by a maxi-
mal content of the pollen of broad-leaved species (up to 30%), repre-
sented by the pollen of oak, slm, and, lime-trees. The share of tha
pine and birch pollen is somewhat lower than earlier (Fig. 2).Up the
section thers is a considerable increase in the amount of spruce
pollen. In the Holocene climatic optimum along the shorss of Lake Ne-
ro there predominated mixed coniferous-broad leaved foressts. At that
time the climate was warmer than at present.

The fourth stage embraces the period from 4,500 B.P. till the
present time (Subboreal and Subatlantic periods). In Subboreal-Sub-
atlantic time peaty sapropels deposited on the bottom of the lake
(thickness - 6.5 m), which were characterized by almost a complete
absence of CeBD3 and by a high content of organic C (20%). Quite sig-
nificant is the appearance of pyrite in the desposits of Subboreal
time, which shows that thesre has beesn domination of reduction condi-
tions of sedimentation.

In Subboreal time the composition of the diatomacecus flora of
Lake Nero undergoses considerable changes. Benthic diatoms become
widespread; among them representatives of the genus Fragilaria make
up 60 or 70%. The latter are epiphytes or bottom species pravailing-
ly. The occurrence of ths littoral and epiphytic species of genera
Navicula, Pinnularia, Cymbells, Synedra increases.Among planktonic
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diatoms Melosira italica (Ehr.)KGtz., Stephanodiscus Hantzschii
Grun., Synrdra berolinensis Lemm. dominate (Fig. 1).

All this indicates that the lake bescomes increasingly more eu-
trophicated and shallow. However, against the generally low level aof
watar in the lake thers occurred recurrent fluctuations. For ins-
tanca, sariy in the period and at the end of 1ts second half there
were transgressive pheses. Thes diatomacecus complexas that weres for-
med during the period of a relatively high water level in the lake
are characterized by a greater species abundance and by a quantita-
tive development of diatoms and increase of planktonic speciss,among
which the lsading ones are Melosira granulata (Ehr.)Ralfs., Melosira
italica (Ehr.)Kitz., Cyclotella comta (Ehr.)Katz. A raverse picture
is observed during a transgressive phase in the middle of Subboreal.

The diatomacsous flora of Subatlantic time does not differ much
from the previous period and it is close to the present ones. It cha-
racterizes Lake Nerp as an eutrophic overgrowing water basin, where
typical planktonic forms have low values of occurrence. Dominating
here are tha forms of overgrowth of the genus fFragilaria. Two trans-
gressive phases may be distinguished in the history of Lake Nero du-
ring the Subatlantic period judging by the change of the diatomaceous
complexes: at thse beginning of the first half and approximately in
the middle of the period.

In the spectra of Subboreal time the spruce pollen gradually
comes te the fore (up to 60%) - “the upper maximum", which indicates
that during the pericd within the studied region spruce forests be-
came widespread (Fig. 2).

In the pollen and spore spectra of the Subatlantic pericd the
amount of spruce pollen (espscially in ths second half of the period)
considerably decreasas, giving place to the pollen of pine and birch.
As in the previous period, the role of the pollen of broad-leaved
species is not great. In the vicinity of Lake Nero quite common are
mixed forests of pine, birch, and spruce with an insignificant admix-
ture of brosd-leaved species. Their composition is similar to that of
the present forests in the Yaroslavl Volga rsgien.

The distinguished stages of sedimentation are universal not only
for the Central part of the East European Plain, but also for the
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whole zone of the forests of the humid belt in the European part of
the USSR. However, the change of sedimentation types was not simulta-
neous everywhere. For instance, unlikes the central region af.tha East
tEuropean Plain, in the lakes of Byelorussia, of the Baltic Region and
of the North-west carbonate formation went on without interruption
since the Early Holocene and especially actively since Boreal time
( BapTom, 1976). The change in the character of sedimentation was
closely related to the development of the leke and the history of its
basin.

Moscow State University
named after V.M. Lomonossov
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MINOR LAKES OF SOVIET KARELIA
(AGE, TYPES AND COMPUSITION OF SEDIMENTS,
GEOGRAPHICAL DEMARCATION)

I. M. Ekman

Soviet Karelia is a land of lakes. According to recent data
Their total
of the

(KnTaes, 1984) there are 61,855 lakes in the republic.
water surface reaches 33,185 kmz, which accounts for 19.2%
republic’s area with regard for lskes Ladoga and Onega (5,000 and
8,000 kmz. respectively)x) encompassed within its boundaries. Lith
respect to the area of lakes Soviet Karelia surpasses countries
rich in inland water bodies such as Finland (9.4%), Sueden (8.6%)
and Canada (about 12%).

It should be noted that lakes up to 1 km2
97.4% of the total number of water bodies and those up to 10 km2 in

area make up 99.6% ( IlokpoBckuit, HoBukos,1959). Thus, lakes of

in area account for

small and medium size clearly predominate, whereas water bodies

more than 10 km2 in area account for only 0.4% of their total number.

These include 120 lakes ranging from 10 to 50 km2 in area and 18

lakes 50 to 100 km°

reservoirs with a water surface exceeding 100 km2

in area. In a group of 16 largest freshuwater

the following sto-
rage lakes are remarkable for their size: Vygozero (1159 kmz), Top-
ozero (986 kmz). Segozero (752 kmz). Pidozero (659 kmz) and Vodloze-
ro (365 km?) .

The number of lakes in Soviet Karelia and changes resulting
from the disintegration of the ice sheet followed by improved clima-
tic conditions in the Holocene that have persisted during the past
10,000 years are of interest. The area occupied by lakes can be de-
termined approximately for some time levels.

T
*) The total water surface of Lake L doga is 18.4 thousand km2

and that of Lake Onega is 9.9 thousand km~. They form a special
group of great lakes.
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Ancther importunt tzsk in studying the evolution of lakes is
to estimate the time of their initiation and overgrowing. This can
be done by the radioccarbon dating of the organic matter accumulated
in bottom sediments. Radiocarbon dating combined with pollen - and-
spore analysis makes it possible to evaluate the area occupied by
lakes in certain chronologic environments and to determine the se-
quence of formation and 1life span of individual groups of reservoirs.

To solve the above problems, it is necessary to study the stru-
cture of bottom in detail, in order to establish the main types of
their sections characteristic of different-aged deglaciation zaones
and different geomorphological situations. The scheme of geographi-
cal demarcation of Soviet Karelia based on the composition of bottom
sediments is interesting from both scientific and practical stand-
points. It was made chiefly by means of chemical analyses, determi-
nation of diatom flora, some minerals and other properties.

The present paper is based on the voluminous factual material
collected while studying bottom sediments in the small and medium-
sized lakes of Soviet Karelia. Reconnaissance boreholes were used
to investigate sediments in about 76 water bodies. Sections through
consolidated bottom sediments were studied by bio- and chronostrati-
graphic and chemical methods in 32 lakes scattered in groups through-

out the republic. Pollen-and-spore diagrams (analyst A.M. Kolkanen)

were compiled, and diatom (G.Ts.Lak) and carpological (E.A.Krutous)
analyses and 45 radiocarbon datings XD performed for these sectiuns.I
The basins of the lakes studied were located under different

geomorpholeogical conditions, such as glacial depressions, relic ba-
sins of glaciolacustrine and swampy plains, basins of undulating and
ridge-undulating relief confined to marginal glacial zones and ica—'
-divide uplands, kettle-holes often characteristic of outwash plains,
depressions of rills and valleys of discharge of glacial meltwater
and tectonic cracks in denudation-tectonic relief. The distribution

S we
*) Radiocarbon dating of organic matter was performed in Tartu,
Institute of Zoology and Botany, Estonian Academy of Sciences, un-
der the supervision of A. Liiva.
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of lakes provided comparative material for establishing the sequence
pattern of bottom sediments and the age of the reservoirs depending
on the geomorphological structure of the relief in broad sense, and
for the genesis of the lake basin inm narrow sense. In Some cases
the lakes were selected in such manner as to obtain infarmation on
the effect of the composition of Precambrian rocks in the Baltic
Shield on the material composition of the bottom sediments studied.

Numerous examples in Karelia indicate unambigously that lakes
came to exist earlier than mires. The most ancient mire biogeocoe-
noses emerged in depressions of denudation-tectonic relief and gla-
cial morphosculpture in Boreal time by replacing earlier water bo-
dies ( Examnua, ﬂnﬁ38,1980; Eamua, 1981). In glaciolacustrine or mo-
rainic plains mires formed extensively during the Atlantic period.
Transgression of peat accumulation onto drainage slopes took place
much later and was most intense in Subboreal time. Many investiga-
tors ( IlbaBueHxo,1905; llposopos, 1985, etc.) have indicated that

~ the age of the mires that resulted from the overgrowing of water-
- bodies is at maximum.

Most investigators are of cpinion that water bodies OVergrouw
and have an excess of peat due to sapropel accumulation and shallow-
ing ( Cyxaues, 192¢; Kopma, 1963; MbaBuenko, 1963; Hunenxo,
1967; Poccomnmo, 1967, etc.). However, peat scientists and limng-
logists are naot unanimous in interpreting peat deposition in lakes.
The former assume that the leading part is played in this process by
the shallowing of reservoirs and the formation of peat deposit at
the expense of plants grouing in lakes. The latter think that the
process is largely triggered by the transport of allochthonous or-
ganic matter from paludified drainage areas to lakes (Hopma, 1960;
Poccoauuo, 1964, 1967, 1976). All authors note that the waterlogg-
ing and dystrophication of reservoirsare accompanied by the lack of
aeration and oxygen. It has been found that plant and animal remains
do not decompose completely because the anaerobic decay of organic
substances ceases following the consumption af carbohydrates of ea-
sily assimilated protein substances by bacteria ( Kyaneuoa 1970).
These events are concomitant, on the one hand, with accumulation of
nondecomposed organic remains and, on the other, with the further
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UJocrease in the amount of oxygen. Thus, the overgrowing of lakes
acquires a self-stimulating and self-developing pattern.

Assumptions have been made (Kysuenos, 1970; IIpo30opoB, 1985;
IbaBueHko, 1985) that there is a common reason for the formation of
all mires. This is true of the both the overgrowing of water bodies
and the water-logging of land. UWe mean here oxygen deficiency in a
natural environment which causes a causative-corollary chain of in-

terrelated events such as anaerobiosis, incomplete decomposition of

plant and animal organisms and accumulation of the latter ( IIposo-
1985, p. 13). According to the above concept specific mire
exchange is due to oxygen shortage rather than

poOB,
egnergymaterial
creased soil humidity or accumulation of humic substances in a wa-

in-

ter body.

According to V.N. Sukachev’s concept of biogeocoenoses ( Cyxa=
1926, 1972, p. 330), each biogeocoenosis on the Earth has its

"substance and

uyes,
own distinctive index which characterizes a type of

energy exchange between its componants and other natural phenomena',

Yu.S. Prozarov (Ilposopos, 1985) has suggested the following de-

finition: ""Biogeocoenoses Wwith an accumulative type of energy-mate-
rial exchange that is due to oxygen deficiency arising from increa-

sing soil molsture reserves or decreasing inundation of reservoirs

... belong to the category of mire biogeocoenoses". The author de-

fines an accumulative type of energy-material exchange as decele-
rated turnover of energy and substances at the decomposition stage
of higher plant remains and the accumulation of incompletely de-

composed organic matter prewscnt as peat or peat-mineral deposits in

soil or in a body of water (ibid., p. 13-14).

In our opinion, the above theory of formation of a single ca-
tegory of mire biogeocoenoses has an essentially geochemical nature
closely related to oxidation-reduction processes which occur in the
water bodies and soils of the biosphere ( [lepesbMaH , 1982, p. 56 -
85, 101-106). The ecosystems discussed are also remarkable for a

single process of vital activity in which anaerobes are involved by

all means.
shown that the initiation, development

e caused and controlled mainly by chan

Qur chservations have

and overgrowing of lakes wer
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ges in climatic conditions, the rate and pattern of deglaciation of
territory, geologic and tectonic processes and geomorphological set-
ting. Naturally, these major lake-forming factors and processes were
interrelated in nature, although their role in the life of reservoirs
late-

the climate became

changed substantially during different time intervals in the
and postglacial periods. In late-glacial time
warmer, but recurrent changes brought about its deterioration, and
resulted in the reciprocating (stepwise) pattern of deglaciation. In
the

territory of Soviet Karelia emerged in groups at different time fol-

connection with such evolution of glaciation the first lakes in

lowing the retreating glacier margin in deglaciation zones of diffe-
rent age (Fig. 1 A). Glacioisostatic uplift and block-faulted

tonic movements acted also during the Holocene by distorting

tec-
lake
basins, changing the base level of erosion, shifting runoff thres-
holds, deepening the valleys of existing channels and creating a new
river drainage. These events, in turn, caused the levels to change
and decline permanently. As a result, mires often formed by repla-
cing water bodies. It will be noted while discussing the latest stage
the

climate was warm and humid, an abundance of reservoirs confined to

of lake formation that in the early half of Atlantic time, when

glaciokarst basins were formed.

Evidence for the area of mires, which resulted from the over-
growing of reservoirs, is important for correct determinmation of the
area occupied by lakes during certain periods.

lina (Eamna,

According to G.A.Ye-
1981) about 33% of the area of present mires formed as
a result of paludification of waterbodies in which limnic sapropels
had accumulated earlier. However, lake sands, loam, silt, clay and
varved clay are widespread under peat deposits (Eauna, 1981). Some
sections have been reported from the Pribelomorskaya depression in
which marine muds such as silt, clay and sand occur below thick peat
deposits. The analysis of the material has indicated that no less
than 45-50% of mires result from the overgrowing of reservoirs. This
figure locally is over 60-70% (reletively deep and closed depressions
in South and Central Karelia and the shores of the White Sea and
large lakes).

Before discussing the problems related to the lake radiochronao-
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logy and lake area in Soviet Karelia in some time sections it is ne-
cessary to present priefly the main types of bottom sediments. The
thickness of Holocene sapropels and diatomites is no more than 6-7 m.

Two major widespread sections through bottom sediments have
heen established: 1 - with gradual transitions from mineral layers
(light-grey and grey sands, often laminated silt) to sapropels with-
out any traces of hiatus; 2 - with sharp contacts between mineral
and organic horizans, sometimes with a separating brown moss inter-
calation. There are sections in which sapropels are separated by a
0.2-0.25 m-thick peat layer from the underlying till.

The former type of sequence of limnic sediments is characteris-
tic of lakes located in glacial depressions on the inner side of mar-
ginal glacial zones. The latter type of seguence is characteristic
of lakes that occupy glaciokarst basins (especially on outwash
plains, sandurs and depressions in undulating-moraine and marginal
undulating-ridge relief, including those in ice-divide uplands.
Shortened sequences are also typical of lakes confined to rills of
glacial meltwater discharge, especially in a prefrontal strip and
oxbow-lakes. The beginning of organic layer (sapropel) accumulation
in such a geomorphological setting is often dated at the late Boreal
_ middle Atlantic periods (8100 - 6900 years ago) .

The third type of sequence has only been reported from the
sparse lakes in southarn Soviet tigrelia. In the bottom sediments of
these water bodies Holocene sapropel is underlain by a horizon of
sapropel-like layers separated by mineral deposits.

Aallertd and Younger Dryas layers and undivided pre-Allerdd de-
posits that actually contain no organic material have often been re-
vealed in bottom sediments in southern Soviet Karelia. Radiocarbon
datings of 11,500%220 (TA - 1584) and 11,500%150 (TA - 1654) years
corresponding to the nllerdd are available. whether Bdlling layers
are present is problematic as there are no chrono- and biostratigra-
phic data to support that. Thus, the initiation of lakes in the Lu-
ga-Neva marginal belt and in the outer zone commenced either in
pre-Allerdd or allertd time (Fig. 1 A). It is only from these areas
that the third type of bottom sediment segquences has been reported.

The basal portions of the bottom sediments in the lakes of

Fig. 1. Geographical demarcation of Sovi ig”

et Karelia’s terr
based on the t}ma of emergence of small and medium-sized laiesigzgy
and the composition of their bottom sediments (B).

A.1. - lake in'&iatiun isochrones (numbers are given in mi

Eéiiuin:zgiign:;o?sng-da:ing of organic matter Firs% accumulatééein

: opel; brown moss; other material less c H
2-5 - initial stages of considerable o; abund ) 'l
E?#l;géng the retreating ice sheet; 2 - Allerggt-dgggigiquédozi;:kes
B.P’)- h-_1;£§9E‘E.P., partly ancient); 3 - Allerdd (11,900-11,200
LATRRX R e-Dryas (10,800 -~ 10,400 BsP.); 5 - Preboreal time
ii,, ) P The development of lakes throughout the repub-

c was most vigorous in the Preboreal period.

?. 1. - area of wide distribution of diatomites ili s
ziterlal);_Z - area of pyedominant occurrence of greeﬁ?éélZ:S?;peizu
- en grading into brownish, reddish and yellow-coloured types (of-

n applicable as organic fertilizers) upuward in the section; 3 =
2;?2inf Fiequent gcourrence of dark-grey and black saprupels' con-
rablenguz>Yaient 1ron.and Fre? hydrogen sulphide (promising as cu-
Sy 2, - transition (mixed) zone with sapropels characteristic

eas and 3; 5 - hypothetic distribution area of lime (raw ma-

terial for i i
oty application of lime to acid soils); 6 - lime sapropel lo-
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northern Soviet Karelia are represented by Younger Dryas horizon.
The radiocarbon datings obtained from organic material (brown moss,
sapropel) vary from 1D,6ADi1SD (TA - 1487) - 10,700%150 (TA - 1490)
to 10,300%120 (TA - 1742) and 9800150 (TA - 1488) years. As deduced
from pollen-and-spore analysis, Younger Dryas deposits can be divi-

ded into three layers. Following the retreating glacier of Salpaus-
selki - I stage the first lakes came to exist with the accumulation
of organic material in glacial depressions about 10,800 - 10,700

years ago (Fig. 1 A). The formation of minor lakes in western Soviet
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mentation are controlled by climatic, tectonic and, largely, geo-
morphological factors. The latter is related to the genesis of a
1gke basin and its position in a certain morphosculptural complex
(gkman et al., 1981, 1983, 1985, 1986).

The lake area of the republic for some time levels is evaluated
as follows. Near the Pleistocene-Holoceme boundary (10,300 - 9800
g.P.) when large proglacial lakes and relatively small cold-water
1akes occupying practically all closed or semi-closed depressions of

the relief were most common, no less than 55-60% of the area under

tarelia on the internal side of the marginal glacial zone of Salpaus- ggnsideration, was covered by water x)

selkd - II stage began ca. 10,000 - 9800 years ago.

In the areas of undulating-morainic relief lakes continued to
arise until 5300 - 9000 B.P. Uater bodies formed in kettle-holes in
half of the Atlantic period (8100 - 7400 B.P.). Glacial

started to form simultaneously in the rills of discharge.

the early
meltuater
Shortened types of bottom sediments are characteristic of these

groups of small and medium-sized lakes. A sharp contact between mi-

neral rocks and sapropels, often with a separating peat lamina, is
observed there (Ekman et al., 1983, 1985) .

The beginning of the break in lacustrine sedimentation often

corresponds to the chronological boundary between the late- and

post-glacial periods which is sliding in both time and space. Ac-

cording to both pollen-and-spore and radiocarbon datings the hiatus
varied in length with groups of individual sequences from hundreds
of years to millenia, often covering a considerable part of the Ho-
locene (the Preboreal,
riods). In som
y sapropels enriched with organic matter that began to
Radiocarbon

ly overlain b
accumulate in the late Boreal - early Atlantic periods.
dating has indicated that the accumulation of lacustrine deposits

gither resumed or was initiated no later than 7400 - 6900 years ago. ( Eapna, I98I;

the intense development (initiation) of lakes and

o three chrono-

As a whole,
the accumulation of sapropels therein is divided int
logical epochs: the Allerdd (11,800 - 11,200 B.P.), Preboreal
(10,000 - 9200 B.P.) and Early Atlantic (8100 - 6900 B.P.).
of lakes and organic

Such

major time intervals in the evolution sedi-

Boreal and the early half of the Atlantic pe- vary from 26 to 34% in some localities
b

In order to determire the lake area in a certain chronological
section of the Holocene one needs data on the area of the mires
which resulted from the paludification of water bodies at the boun-
dary in guestion or within a relatively short time span. All these
definitions are fairly rough because the deep structure of the mires
is still poorly studied. However, no }Bss than 33-50% of the present
mire area of the republic (in some areas up to 60-70%) have resulted
from the paludification of water bodies. It is known that the 1late
half of the Boreal period was the first stage of abundant mire for-
mation (Eauna, 1981; Exuna, ﬁuﬁaa, 1980). The same date is true
for 18% of mires in southern Karelia and for 12% in northern Karelia
( JuitBa, Eﬂuﬂa,1986). The evolution of lakes was at its maximum in
the late Preboreal - early Horeal periods (about 9300 - 8900 B.P.).
Mires occupy 30% of Soviet Karelia’s territory, hence one can deter-
mine by simple calculations that at that time the lake area could

making up 30-32%, at an

g sequences tills or agueoglacial deposits are direct- average.

During Atlantic time peat was accumulating in an avalanch-like
manner: in its early half the paludification increased twice as much
and in its late half three times as much as in the Boreal period
Juitea, Exnna,1986). 37% of mires in northern Kare-
lia and 30% in southern Karelia formed in the late half of Atlantic

time. The rapid extension of Boreal mires was accompanied by the =ac-

Here also belong the extensive are i i
as in northern Soviet K -
lia overlain by the brackishwater White Sea basin (the Portland 2;2)
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tive formation of new peat deposits predominzntly by paludification

of water bodies. The early half of Atlantic time (8100 - 6500 B.P.)
to

at

%
i
saw an outbreak in the formation of the lakes confined mainly !
kettle-holes and rills of glacial meltwater discharge. However, ’
that time paludification was far wmore extensive than the development
of new lakes. Therefore, the lake area had reduccd substantially by
the middle of the Atlantic period (7400 - 6900 B.P.) to account for
no more than 22-24% of the

From the late half of
ly formed. Since then peat i
voirs has continued, with varying intensity, up to now (EJMH8,1981)J

i
OCCUpy

republic’s territory.
Atlantic time onwards no new lakes actuals
accunulaticn and pszludification of reser-

Former lake areas were replaced by extensive peatlands which
a large part of the republic’s territory.

Despite appreciable differences in size (area, depth etc.) and
morphological indices (shape of trough, ruggedness of shoreline etc.)
some common evolutionary trends that are due to irregular glacioiso-
static compensational uplift of the crystalline basement may be es-f
tablished. These phenomena are primarily connected with the distor-
tion of lake troughs and the transgression of water mass to the araa'
which suffers either uplift or even subsidence lower in amplitude. T
Regarding the great and large lakes of Karelia such as Onega, Ladoga
and Segozero, these events have been widely discussed in the relevant
literature (De Geer, 1893; Ailio, 1935; Hyypp#, 1943; Mapkos u ap.,
1934; 3emaakom, 1936; [lankpywes, 1966; HKpacos, 1975; OKMau u zp.,
1975; Jlak, Oxman, 1975, etc.).

Similar transgression of water bodies has been revdaled in re-
latively small lekes such as Lake Lenderskoye, western Soviet Kare-
Its surface area is 8.3 kmz. Intense trans-

lia, Lexa river basin.
gression of water to the south-eastern shore was established there
by studying sections through bottom sediments made by profile dril-

ling over the entire water area. Pollen-and-spore analyses have
shown that it took place during the late half of the Boreal period.
This is supported by the radiocarbon date of 820080 (TA - 1121)

years. Distribution of water was accompanied by the outwashing of
therein

autochthonous peatlands, the formation of abrasion scarps
and the abundant accumulation of bottom sediments present as

allo-
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chthoneus peat layers no less than 2.2 m in thickness. During
late half of Atlantic time, wbout 57ZU:BD (TA - 1122) B.P., the
transgression slows down abruptly, and the level of the reservoir is

the

soon stabilized. Hence the rate of sedimentation decreases, and poor-
1y consolidated sapropels are formed on the lake bottom. The basal

layers of superficial peatlands which show a radiocarbon age of
7920%100 (TA - 959) years occur in share scarps 2.5 - 3.0 m below
the present lake level.

The materials presented for Lake Lenderskoye seem to support
the supposition that in early Boreal time irregular glacioisostatic
uplift became more intense. As a result, a voluminous body of water
was displaced and the amplitude of lake level alterations increased
markedly. A decline in the level of reservoirs in an unfavourable
topographic setting could be disastrous enough to make them disappear
as a result of mire formation. This conclusion is corroborated by
the fact that in the Boreal period an abundance of peat deposits de-
veloped by the overgrowing of former dakes ( Eauna, 1981).

In some small lakes the level rose in the late half of Preboreal
time (9560 - 9250 B.P.), regressed during the Boreal period (9200 -
7900 B.P.) and increased again in Atlantic time.

The bottom sediments of minor lakes in Karelia are variegated
in chemical composition and have a biogenic, chemogenic, terrigenous
and polygenic origin. Terrigenous sediments make up the lower por-
tions of sequences, and are represented by grey-coloured silts and

fine sands which sometimes show fine varved lamination. Diatomites,
a group of sapropels and lacustrine lime that have certain regulari-~
ties in geographical distribution stand out among biogenic and chemo-
genic sediments (mud) (Fig. 1 B).

Diataomites. Lacustrine diatomites are widespread in northern Ka-
white
shore in the east as far as the mouth of the Pongoma River. Ka-
the

relia, between lakes PHozero and Topozero in the west and the
Sea
relian diatomites were studied as siliceous raw material during

late 1920°s - early 1930"s ( Mapkos, 1933;Ilopeukuii u Ip., 1934;
Bapnawanu, 1936; 3emasxon, 1936; Byse, 1966, etc.). In recent
years we continued studying these sediments in minor lakes by speci-

fying their location (Fig. 1 B). They are ubiquitous in the suampy
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area between lakes Tikshozero and Yeletozero, the lake basins being

almost completely filled with diatomite. They are as thick as 7-9 m

in places.

Orown and greenish-brown sapropel diatomites and grey (less

frequently light-grey) high-siliceous deposits stand out among the
sediments in question. When moist, they are clastic, jelly-like and
show high water capacity. The "purest'" varieties of diatomites are
rich in 510, (80.79 - 85.12%) and show low ignition loss (i.l.) va-
lues (8.79 - 9.85%)x). The 5102 content of sapropel diatomites nor-
mally varies between 54.57 and 68.3%, i.l. being 26.18 - 35.67%.
The sesquioxide content of the sediments is low: A1203 - 2.b6 -
3.97%, F3203 - 0.52 - 3.97%. The amount of iron oxide (FeQ) is
sometimes up to 2.47%. The Cal content varies between 0.96 and
2.89%. Increased guantities of Ca0 (up to 3-4%) have been reported
by Vardanyants ( BapmaHaHu, 1936) for diatomites from the White Sea
region.

Reprezsentatives of the genus Fragilaria in

are distributed
shallow water in Karelian small lakes and are negligible in size
(20-30 microns).

Some theoretical and practical problems related to the geoche-
mistry of silica have been generalized in numerous publications
(FeoxuMuss kpemHesema, non.pel. CTparoBa1966;llopeuxmit u AP.,1934;
Mruuss, 1934; Tycesa, 1975; lepeabman, 1982, etc.). An important
conclusion has been drawn: water contains a sufficient amount of
dissolved silicic acid and a biogenic elemént such as phosphorus, to
8@y nothing of its o@ther chemical properties. The presence of either
crystalline rocks or Quaternary deposits rich in phosphorous in the
drainage area of lskes seems to be essential for accumulation of
continuous Holocene diatomite segquences.

Commercial diatomite deposits are likely to be discovered in
northern Karelia. Occurrences of high-grade biogenic siliceous raw

material has already been reported from the area.

X Chemical analyses presented here and beslow were recalculated
on anhydrous basis.

ta 100%
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(muds) are chiefly common in lakes in western and central Karelis

These varieties of  sapropels
(Fig. 1 B). They occur together in bottom sediments. In such cases
greenish and dark-grey sapropels often grade into brown sediments
upward in the section. Reverse colour relationships have also bean
reported for sapropels, in that case their upper portions are compo-
sed of dark-grey and brownish-green sediments, sometimes with a hyd-
rogen sulphide smsll.

Greenish and Eﬁ{f-g;qz'ggprgpg};_(myggl are formed under
the conditions of oxygen deficiency that initiate a reducing (glay
or even hydrogen sulphide) medium in the near-bottom parts of a re-
servoir ([lepeabmaH, 1982). Anaerobic bacteria are involved in geo-
chemical decomposition of plant remains. In the course of these
processes trivalent 1iron is reduced to bivalent iron, and vivia-
nite (Fa3 (PUA)2 ‘BHZU) is often formed. There are olive-green,
dark- and dirty-green, brownish-green and dark-grey sapropels (muds).
They comprise a fairly large amount of mineral fine sand-pelitic

.

particles.

Chemical analyses have shown that the greenish sapropel (mud) .
subgroup often has oxides in amounts varying in the following ran-
ges: SiDz 39.13 -65.48 %; A1203 L.,50 - 13.30; F8203 1,33 - 1.70;
Fed 1.56 - 3,93 MnO 0.017 - 0.059; Mg0 0.7 1.80; Cal 1.09 -
3.19; Nay0 0460 - 2.92; K0 0.41- 2,245 ignition loss (i.l.)

12,0 - 4B.74%. Green sapropels most rich in organic material con-
tain 3.32% SiDz, 0.61% AlZDB' 0.95% FEZGB, 1.58% FeO, 0.05% MnQ,
0.16% MgO, 0.14% Cad, 0.11 Naod, O.14% ko0, 1.1. 93.05%.

apropels are formed in an oxida-

tive medium in which organic substances and ferruginous minerals
are oxidized by means of aerobic bacteria. As a result, bivalent
iron grades into trivalent iron, oxides and hydrooxides such as he-
matite (FEZUB)’ hydrohematite (FEZU3 . nHZD), goethite (FeO « OH)
and hydrogoethite (FeQ « OH » nHZD) being formed.

Chemical analyses have shown that the following variations in
the amount of individual oxides are characteristic of brown sapro-

8ls: 5i0, 14.13 - 54, i
P g .13 - 54.23%; ALy05 g gg _ 41.28%; Fey0; 0.9 - 5.44%;

FeO up to 1.05%, seldom reported; MnQ 0.010 - 0.073; MgO 0.1 - 1.40;
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Ca0 0.63 - 2.52; Na/ 0 0.07 - 1.27; KZD 0.09 - 1.27%; i.1. 42.22 -
80.68%.

Brown sapropels have far greater amounts of organic matter

2

(roughly twofold) than greenish muds. The quantity of total iron in

|
;
t
|
i

sapropels (muds) does not, as a rule, exceed 5%. The above data sug-
gest the presence of lacustrine sapropels used as organic fertilizers

in western and central Karelia.

is predominant (40-70%) and an essential role is played by the chemo-
the

sapropel group in guestion. They represent a transition to chemical

genic constituent, should be regarded as speclal varieties of
sediments. The terrigenous material, they contain,is of minor impor-
tance (7-35%). Distinguished among these essentially polygenic sedi-
ments are calcareous (Cal 38.98%), ferruginous (FEZDJ, total iron up
to 12-16%) and menganous or manganous-ferruginous (MmO up to 2%) sap-
ropels.

_____ are unlikely to be found in the eastern part
of the Baltic Shield ( Baprow, 1976; Ilamopes, HoxapoBueB,1985).
There are, however, a few }akas with calcareogus sediments in eastern
Finland adjacent to Soviet Karelia (Vasari, Naykki, 1972). They are
confined to the distribution areas of carbonate and ultrabasic rocks
in the crystalline basement. Grou dwaterflow is essential in the wa-
ter balance of these lakes. Carbonate (pure calcite) accumulation was
most intense in the early Holocene, i.e. 10,200 - 7800 years ago. Un-
der similar natural geologic and hydrochemical conditions lacustrine
limes are likely to be found in Soviet Karelia, including the distri-
bution areas of Jatulian and Ludicovian carbonate rocks. Calcareous

sediments known as alms have been reported from the lower part of the
bottom sediments in Lake Alimelampi near the village of Pushnoye (Be-
lomorsk district) and from at least one lake in north-western Karelia,

near the boundary with the Murmansk region.
in southern Karelia (Fig. 1 B), being chiefly localized within the

Onega trough, which is a large Proterozoic structure. The latter is
known ( Kparu, 1963) to be made up of black shungites combined with
shungite-bearing (argillaceous, siliceous etc.) rocks, basic and ult-

be distinguished in terms of silicate-collaid complexes and
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rabasic intrusions and lavas and schist deposits with hematite mine-
ralization. These'deposits seemed to affect either directly or indi-
rectly the formation of black sapropels enriched by bivalent iron
present in minerals such as hydrotroilite (Fez(HS)z- nHZU), which
renders black colour to muds, and vivianite (FE3<PGA)2' i1,0.  Thus,
black sapropels (muds) formed in a reducing medium accompanied by
hydrogen sulphide caontanination. Such conditions of bottom sediment
accurulation ure indicated by a hydrogen sulphide smell.

that free hydrogen sulphide not related to minerals such as hydro-

This shous

troilite, is present in sapropels. Such black muds have high water
capacity, reek of hydrogen sulphide, contain an abundance of bivalent
iron and can, therefore, be used for curative purposes (as fango).
3lack and dark-grey sapropels are often associated with green, dark-
brown, chocolate-coloured, brownish-yellow and vellow sediments.

It will be noted that black, bituminous marine clays and loams
(silts) that reek of hydrogen sulphide and were formed in the course

 of development of the Boreal transgredsion of the Mikulino (Eemian)

Interglacial are fairly common in the Cnega symeclize. Marine hods

~and the overlying freshuater deposits dating from lste Mikulino time
‘Formed in a reducing environment. In this case the near-bottom water
of the existing marire and freshwater basins was contaminated with
hydrogen sulphide.

According to available chemical analyses, black sapropels (muds)

~and dark-brown, yellowish-brown and even yellow-coloured sediments
that often accompany them are characterized by appreciable variations
in total iron oxide content (from 5-8 to 43-45%) observed vertically
in the section. This makes it possible to distinguish mud varieties
in terms of iron content, including iron aores (over 30% Fe). Accor-
ding to our data based on analytical material, which is still insuf-
ficient quantitatively, no less than two groups of mud sediments may

organic

matter content. The chemical composition of the first group varies
within the following range: 510, (36.90 - 55.56%); Al,05 (5.87 -
12.00%) ; F8203 (5.00 - 16.90%); FeD (3.50 - 5.30%); MnO (0.2 - 2.36%);

g0 (1.00 ~ 1.57%); Cab (1,33 - 2.27%); NaZD (1.04 - 2.55%); HZU

(0.98 - 2.00%); i.1. 9.55 - 20.12%; pZDS (0.65 - 3.05%); S (0.04 -
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1.00%). The second group of sapropels shouws the following variatioms
in oxide content: 5102 (8.60 - 18.35%); Al,05 (1.10 - 4.79%); Fezﬂ3
(2.71 - 21.85%); Fel (10.43 - 27.40%); MnO (0.16 - 0.95%); MgO (0.76
- 1.69%); Cal (0.L0 - 1.05%) NaZG (C.21 - C.40%) 3 HZD (0.20 - 0.56%),
1.1. 33.64 - 59.39%; P05 (0.87 - 1.04%); S (0.20 - 0.23%).
The chemical composition of the Gabozero mud used for curative agigifznngr§§i§"°‘s of the U.5.S.R.
REFERENCES ey netitute of Geoteay
ailio J. Die Geographische Entuicklung des Ladogasses i
zialer Zeit. - Fennia, 38, 1915, 3, 157 S. - n postgla=-
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mism O

i f Nabﬁr, the nutritive typﬂ (undarground, surface and mixed)
of a wa = i
f ter budy, the al:t:lvity of mic?uﬂrga“iama and structural-tec
onic and geumurpllnlogical factars can be dlatillguislled

% i e

purposes in the Marsian Waters resort was determined by V.V. Ivanav
and Ye.U. Rengarten (1935) and published in relevant literature (Brm=
HeBCKmit 1 1957). Leaving out the complete composition of the mud,qu
will mention only the quantities of some components distinguished 1ﬁ
the colloid complex (in g per 100 g wet mud): 5102 - 0.910 g; A1203 %
0.439; F3203 _ 0.662; Fel - L.787; Fe (HS)Z' nHo0 - 0.169; organic

carbon (C) - 1.072; nitrogen - grganic compoun

pe Geer G. Ufversigt Bfver sina kvart#r-geologiska jakttakelser un

der esn nyligen afslutat resa till Finland och Russland G
‘ Féren. Stockh., Fiérh., 15, 7, 1893, 537 - 538, ) o '

- 0.01%;
ds 0143 humic acid¥ Hyppd E. Beitrage zur Kenntnis der Ladoga und A
. 0.807 g. The Gabozero mud is also remarkable for high humidity ncylustransgressio-

(86 g water per 100 g fresh mud) and high heat capacity.

The chemical analyses presented made by various techniques most,

nen, = Bull., Comm., Geol. Finlandia, 128, 1943, 139 = 178

o
Vasari Y., Héykki D.
B , Hay D. Suomen jdrvikalkkissiintymistd ja niiden syn-

tyyn vaikuttaneista tekijiisté#. - Geologi, 1972, 7-8, 1 = 5
s /=0y 1= Joe

probably indicate that black sapropels (muds) collected at different rom T.Jd. T
‘Baprom T.X. .
jocalities in their distribution area are gimilar. Within the Onega . €0JOTMS M PECYPCH NpecHOBORHHX MSBECTKOBHX OTIO
xeuuit ro - -
trough there may exist curative muds more saturated with free hydro roxouesnc. - Pure, 1976, 258c.
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gen sulphide and bioactive iron, those currently used at the apraany [1.A. Juarountu CesepHolt Ka
peauu. - B xu.: Marepuasn

;o reoJorMK ¥ NOXesSHHM Hckonaeummd Hapeabcko#t ACCP. M.-J
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~me!cx.‘ C.A. HHE MECTHOCT. Kﬂpe W - IIeT 08a (o]
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waters resort.
Lacustrine_lime (alm). These types of lacustrine sediments ma

be found in the water bodies situated in the narrou strip along the’
5E extremity of the republic near the boundary with the Vologda re-

gion (Fig. 1 8). Structurally, the locality coincides with the Car- cesa K.A. Poxb KPeMHNS B PasBNTMN
AMATOMOBHX BoJzopocaeil
.

B c6.:
c Anfponorensne daxTopy B xm8HM BojoeMoB. Tp. ME-Ta

6uox. BHyTp. Box AH CCCP
iy , Bum. 30 /33/. JN., Haykxa, 1975,

bon glint which is fairly promising and contributes to the farmatiﬂ
of lacustrine carbonates in the north-west of the Chernozem-free

sone of the USSR (HoTaykoBa: 1969; Baprom, 19763 llanopos, Hoxa-

poBLEB 1985) .

COXMMMS
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1966, 423c..
composition of bottom sediments seems to depend fairly definitely o&¥ 4@ I'.A. [IDHHUMON # METOAH DEKOHCTDY
KLm
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: <y Hayxa, 5 180
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NH& r‘oA-, Jultea A.A
<A, TNozonemomas mcropms
In addition to this important factoT, there is, no doubt, quite a pes Goxor Kapeausm B

ceeTe
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number of other factors affecting the pattern of sedimentation and Horo nepmoxna. M., Hayka, 1980, 44-53
! 9 = .

the substance composition of the layers. Climatic factors, the che
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TA&HOBJEHH BO3DacT, TUIN M COCTAB OCAIKCB B 38BUCHUMOCTH OT Ieo-
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SEDIMENT SEQUENCE OF LAKE LADOGA
watr [ Clmatic | 192 | eposits | ke tivnalogy
N. Davydova, D. Subetto | o Subatlantic 7
c | 2500
@ Subboreal 04 Sitt
o 5000
Lake Ladoga was formed after the deglaciation of its depressi 3’2 g Atlantic /
about 13,000 years ago. It has had its modern shape and size no o 8000 //;:
more than for 1500 years (HeacoB, 1975; Kypouxuna, 1982).Three m ~l= E‘. ,?e'},e:,{ea( 10000 ey Clay
genetic types of bottom sediments are observed in the lake: glaci Q — = ==
limnoglacial and lacustrine ones. The first one is represented b :? - =
ti1l which consists of clay, sand, gravel, pebbles and boulders o - -
different sizé. Limnoglacial sediments are represented by aleurope < - Dngas 3 ————
tic varved clays. They are characterized by the alteration of col l|® —
red layers which often mask their varved structure. Lacustrine sedi g : .; :: :: ::
ments are grey or greyish-brown homogenous clays and greenish-gre L
pelitic silts. Silts cover ~ 50% of the lake bottom surface, log%v : g 7640 : : — [ Vgl,;:;d
covered by sands. They are distributed in nearshore zone along 5 e = - ___
western and eastern shores and in the southern shallow part of the ‘2 Alleréd = = =
lake. Small areas with strong water action in near-bottom layer wh L :4 — — —
sediment erosion process takes place,are represented by till. Su ;: © — o —
places were discovered in a near-shore zone and on underwater slo T 12 000 —_—— —
of deep-water depressions in the north-western part of the lake 4 oy Drjes £ 200 | — — —
meHoBmu, 1966). o : Balling —
Stratigraphy of sediments in Lake Ladoga depression is based ~ ' =
data obtained through the studies on sediment cores and geological < & 12800 —_0 — o —
boring of the lake depression and surrounding territory. Ourin iR :L-Z':L';'::
last gS years 75 sediment cores taken with ?1.5 m sampler and Bgc : Dryas d :_'o__o-_o_i >30 i
taken with & m sampler in different parts of the lake were investil = %—E—:-E_:.
—. 0 i O =

ted (Fig.). Geoclogical drilling was performed down to the depth
30 m in the south-western part of the lake in 1934 (KpacHos,Pein
1936). Two till horizons were drilled through but the full thick 'ig. Stratigraphy of bottom sediments of Lake Ladoga.
of glacial deposits was not revealed. Interglacial sediments were

ly 3-4 m thick and consisted of grey varved clays, brown sandy cCl

with vivianite inclusions and dark greenish-grey clays with the

nants of marine mollusc fauna. Brown varved clays underlie the u
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till layer. Interglacial clays are enriched with organic matter ang
contain combustible gases which spurt up during and after the

boring. Till of the'last glaciation is covered by greyish varved l
clays the thickness of which varies from O to 15 m in Ladoga depres~
a pair of varves increases down the sec-

lake

sion. The thickness of
tion and reaches 3-5 mm. Varved clays are spread all over the
depression.

Varved clays are gradually replaced by homogenous clays deposi-
ted during the Preboreal and Boreal. Their thickness varies between

0.4-0.8 m. These are rather dry pelitic or aleuropelitic varved cla

with sand and gravel inclusions. Their colour varies from grey to

brownish-grey, and brown with rare inclusions of hydrotroilite. In
deep-water regions of the lake clays are covered by silt,the thick-
ness of which varies from some cm to & m and may be even more in ¢

deepest depressions of NW part of the lake. Silts are aleuritic, a

uropelitic and pelitic with the admixture of sand and gravel. Theip
density increases downwards, often they gradually pass over to hom
“genous clays, but sometimes there is a fine sand layer at the cof

tact of silt and clay. It's especially characteristic of the southe;
part of the silt zone of the lake with water depth not more than 505
It was obviously a nearshore zone at the end of Doreal time. Silts
are rich in black hydrotroilite inclusions, sometimes vivianite
ligh

brown. It caused by the concentration and state of some substances:

grains are found. 5ilts are prevailingly greenish-grey, often

organic matter, chlorophyll "a" and iron. The uppermost several cen
timetres of sediments are related to the oxydized zone of brownish
colouring. Orange-brown upper layers overlie black ones. Sometimes
there are several such layers in the topmost 10 cm.

Differences in the structure of sedimentsare caused by the ch
ges in the lake environment during Holocene time. There are consid
rable fluctuations in granulometric and chemical compositions,orga
matter content in silts, homogenous and varved clays (Table 1). &il

are characterized by the highest organic matter content and consist

of coarser material than homogenous clays and varved clays.
Geochronological division of sediments is based on palynologic

data (A6pamoBa »w Ip.
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Table 1

Main chemical and granulometrical characteristics

of Lake Ladoga sediments

Homo-

Characteristics Silts genous Varved
clays clays
Carbonates (%) 4.08 0.55 0.46
Nitrogen (% D0.26 traces traces
SiU2 aut. (%) 15.5 5.0 3.2
Ignition losses (%) 10.3 3.6 2.3
Moisture content (%) 70 45 49
Fractions: sand (%) 5-10 9 4
aleurite (%) 40-55 19
clay (%) 35-55 83 77
the main size 0.05-0.01 «0.001 Z0.001
(%) 40O 52 55

KuHa,

1967), counting of sedimentation rate ( Hypoip

1982) and palaeomagnetic data (Ilucapesckuit, 1983). The cha-

acteristics of environmental changes in the lake during late-glacial

and post-glacial times were reconstructed by using the data of diatom
analysis ( ZaBmnoma, 1968, 1985). Diatoms were studied in 18 sediment
cores up to 1 m in length, in &4 cores taken with 1.5 m bottom sampler

and in one core with the length of 4 m from the deepest depression

(230 m) of Nw part of Lake Ladoga. Detailed characteristics were ob-
tained for late-glacial time (Dryas 2, Allerdd, Dryas 3) and for the
Holocene up to the modern time.

There are 346 species and varieties of diatoms in Lake Lado-

ja sediments. They are mainly fresh-water oligogalobes. Sporadically
there were found 5 species of marine diatoms, eugalobes in different
horizons of sediments: Paralia sulcata (Heib.) Sim., Rhabdaonema arcua-

tum (Lyngb.) KGtz., Actinoptychus unduldtus (Bail.) Ralfs, Thalassio-

ira gravida Cl., Th. excentrica Cl. They have been redeposited into
he lake sediments from interglacial Mikulian marine deposits, rather
idely spread in the eastern part of the lake surroundings and eroded

y rivers. Fresh-water diatoms dominate in all the horizons and in all
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kinds of lake sediments.
Species composition and concentration of diatom frustules are
poor in Late Pleistocene varved clays. Aulacosira islandica ssp. hel

vetica is the only abundant diatom in them. This boreal freshwater

Clima-
tic

planktonic diatom is the most typical dominant in phytoplankton of period

large deep-water oligotrophic lakes Ladoga and Onega, and big Fenng
scandinavian lakes. It's the most abundant planktonic diatom in Lak
Ladoga sediments from late-glacial time up to now. The enrichment
diatom complexes in lake sediments takes place in the Boreal,when th
diatom concentration increases up to 4000 per gramm of air-dry sedi
ment. In the Atlantic it becomes 2.5 million. Also the cumpnsitiont
dominant species becomes diverser (Table 2) during the Holocene cli
matic aptimum.‘The cosmopolitic diatoms become as rich in species
the Boreal ones. There are 3 million frustules of diatoms in Subbo-
real sediments which were deposited during the so-called Ladoga
transgression when the lake level . rose more than 10 m above the
modern one.

The amount of frustulesin sediments is the highest in the Suba
lantic, especially in its uppermost part (7 million). It caused b
the growth of eutrophication rate in combination with improvement
climatic conditions after the cold period of the European medieval
time.

The main results obtained through the studies on Lake Ladoga s
diments are as follows:

A deep oligotrophic fresh-water basin was formed in the depres
sion of Lake Ladoga in late-glacial time and it has existed there
persistently up to now.

The waters of the Yoldia Sea never penetrated into Lake Ladoga

In Boreal time Ladoga depression was the easternmost part of
Ancylus Lake.

In the Atlantic the Litorina transgressions didn’t reach Ladogs
It was connected with Baltic by the river in the northern part of
Karelian Isthmus.

In Subboreal timez the continuing isostatic uplift of the nort
ern part of lLadoga depression and surrounding territory caused the

increase in Lake Ladoga level (the so-called Ladoga transgression).
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Table 2

pominant diatoins complexes in sediments of Lake Ladoga

Dominants

Subdominants

sn3  Aulacosira islandica Aulacosira distans var. alpigena
ssp. helvetica (Grun.) Sim.
. MO1l.) Sim. :
(e Hodds ¥ Stm A. italica (Ehr.) Sim.
As;g:ionella formosa Stephanodiscus rotula var. minutu-
e la (Katz.) Ross a. Sims
5A2  Aulacosira islandica S. rotula (Ehr.) Hendey
. he t 2
5P Blustise 5. rotula var. minutula
Tabellaria fenestrata (Lyngb.)Kitz.
SA1 A. islandica Aulacosira italica
s hEliniiee A. distans var. alpigena
S8 A. islandica A. ;talica
ssp. helvetica
A. distans var.
alpigena
AT A. islandica Cyclotella comta (Ehr.) Kiatz.
Bhp halvetica C. vorticosa A. Berg
80 A. islandica C. comta
ssp. helvetica
PG A. islandica =
ssp. helvetica
DR3 A. islandica C. comta
ssp. helvetica E. vorticoss
Stephanodiscus rotula
AL A. islandica Cyclotella vorticosa

ssp. helvetica

Stephanodiscus rotula

5. niagarae Ehr.
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At the beginning of the Subatlantic the level of Lake Ladoga
rose, it led to the destruction of the watershed of the rivers
and Tosng and to the formation of the Neva River in the 7-8th

ries.

Academy of Sciences of the U.S5.5.R.
Institute of Lake Research
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CBOJIHY CTPATUI'PA®YUECKN PASPE3 JIOHHHX OTJOXEHWI
JAZLOKCHOT'O O3:PA

H.H. ZaBugmoma, I.A. Cy6erTo

Pesome

Jlanoxckoe 03epo obpasoBanoch okoso 13 THC. JeT Hasaxz.Ero
TOHHHE OTJOXEEXs MPENCTABJIEHH 3 TUNAMM: JeIHUKOBHM /Mopena/,
3ePFONeIHUKOBHM /JEHTOUHHE TJMHN/ ¥ O3EDHMM /IrOMOTEHHHE M-
HH, WJbl, NPMSDEXHHE necku/, PaBINUANLMMCA [0 I'PAHYJOMETPUYEC—
KyM ¥ XVMUUECKMUM NapamMeTpaM. B KOTJOBMHE BCKDHTO & MODEHHHX
FOpM30HTE M MERJCTHUKOBAS TOJmA NO 4 M MOWHOCTH. llo3mHesenHU-
OBHE JIEHTOUHHE TDJMHH LOCTUrapT I8 M MOmHOCTM,rOMOreHHHE IJu-
0.8 M, nau
CPEeLHEero M BEeDXHEro roJoueHa = N0 % M. CocTaB ZIMABTOMOBHX BO-

an, chopmupoBaBumecss B npebopeaxe u Gopeaae, - 1o

-opocneﬁ B OTJOXEHNAX CBUAETEJBCTBYET, UYTO HAUYNHAS
0 Jpiaca # 4O COBPEMEHHOCTM 03€pPO HacCeJadaJy NPECHOBOJHHE Aua-

co cpenHe-

romen. Bomoem OmJ ruy6OKMM, XOJONHOBOLHHM, OJuIOTPOGHEM. Mopc-
“e BOAH B MNO3IHE- M IOCJIEJNEHHMKOBOE BpeMa s Jlagory He MDOHU-
Ik o

{ Axagnemus nayk CCCP,
VHCTUTYT oBepoBemeHus
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EVOLUTION OF LAKES OF PSKOV REGION IN THE HOLUCENE Their absolute heights vary from 30-60 to 100-120m. The lowlands are

represented by undulating limnoglacial and morainic plains. The

hickness of pre-Quaternary deposits increases from north to south

V. Lesnenko rom 2-10 to 20-40 m. Zones of marginal formations (the Pskov low-

land),river systems, lakes and swamps, local karst and eolian land-

forms are characteristic of the surface of lowlands.

The present-day relief of Pskov region was formed as a result The area of the insular uplands (the Luuga,Sudomy and Bezhanitsk

of the exaration and accumulative activity of the Valdai glacier.Hq  plands) stretch from north to south almost meridionally. The pre-

ever, glacial morphogenesis was greatly influenced by the pre-uuatg: ailing absoclute heights on the Luuga upland are 100-140 m, on the

nary relief. Macro- and mesoforms of the pre-Quaternary surface de. Sudomy upland - 170-200 m and on the Bezhanitsk upland - 200-250 m.

terminad the directions of the movement of ice streams, their differ., thickness of Quaternary deposits fluctuates from 40-60 to 170-

rentiation into glacial lobes and tongues of various rank. During thogg m. The surface of uplands is composed of large massives and gla-

degradation of ice positive and negative macro- and mesaforms had ; jodepressions with hills, ridges, hollows, linear depressions.

different effect on the glacial morphogenesis. In low places of the In the southern part of the region in latitudinal direction
pre-Quaternary relief the frontal retreat of the glacier was rathe; stretch the Velikiye Luki and the Sebezhy elevations being a part of
active, areas of passive or dead ice were formed on higher parts o
relief.

A number of lowlands and elevations, lineary elongated escarps

the main ice marginal zone. The absolute height of the elevations
"luctuates from 130 to 200 m. The thickness of Quaternary deposits

ranges from 20-40 to 80-120 m. The surface of the elevations is com-

and other forms can be observed in the pre-Quaternary relief of Pskin1icated by hummock-and-hollow topography. Alongside with hills and

region. The most important of them are the Pskov and Preilmen 1““':idges lake systems are widely spread.

lands, the Strugo-Krasnensk and Bezhanitsk elevations.Deep hollows The Pskov region is rich in lakes, their number reaches 4000.

the pre-Quaternary surface are evidently ancient river valleys,inh@qnhe formation of lakes is, first of all,related to accumulation of

rited, to one or other extent, by recent river systems, e.g., the mgi)) and agueoglacial deposits. Lakes of erosional and karst origin

vers of Plyusskaya, Uelikaya, Shelon, etc. re characteristic of the locality.

The Valdai glacier occurred in the territory of Pskov region ip The most widespread lakes in Pskov region are those of glacial
the form of two glacial lobes (the Velikoretsk L. and the Lovatsk Ligrigin, their basins were formed in the place of blocks of buried
belonging to the Peipsi and Ladoga glacial streams. The above-mentiigead ice as a result of the inversion of glacial relief. That was the

ned glacial lobes occupied the Pskov and Preilmen lowlands, respectiyay insular uplands, marginal formations, outwash plains came into

vely. Their retreat resulted in the formation of the complex of eing.

agueoglacial plains, insular uplands and marginal relief forms.In m A characteristic feature of glacial lakes is a jagged shore-line,

ny cases mesoforms of pre-Quaternary surface determined the site odldisjointed bottom relief, numerous islands. These are the deepest

aqueoglacial accumulative relief forms, morainic hills, eskers,kaméilakes of the region. Morphology of glacial lakes of insular heights,

subglacial grooves, rills of meltwater discharge. )arginal formations and outwash plains differs. So the basins of gla-
The main large macroforms of lowlands, uplands, elevations algial lakes of outwash plains are less complicated and bigger in size.

prominent in the relief of Pskov region. The Pskov and the Preilme Channel lakes developed in the place of rills of meltwater dis-

lowlands in the west and east occupy a greater part of the region

arge. Such hollows were formed as a result of the subglacial drai-~
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Table 1
The morphometric characteristics of the main types
of lakes of Pskov region

Depth, m
mean max.

Are
km

59

Types of lakes

Glacial lakes of

a) morainic-hilly 0.5-8.0 4-9 25-35 hilly morainic up-
uplands lands, outwash plaing
b) outwash plains 1-15 b=g 10-15
Kettle-holes 1-5 4-8 20-26 outwash plains
Dammed lakes 1-8 3-4 8-10 outwash plains
Residual lakes 0.1-10 2-3 5 gently undulating mo.
rainic limnoglacial
plains
Erosional gla- 0.1-2 L4=5 17 limnoglacial plains

cial lakes

nage of the melting glacier along the ice margin and radiai fissures
in its body. Quite frequently the location and the direction of cha
nels were determined by the ancient river drainage. Channel lakes b
came widely spread during the transitional stage from hilly-morainig
to outwash plain relief (Table 1).

Channel lakes are of remarkably elongated shaps.
length to width is 10:1 or 15:1. Usually such lakes are situated
groups following one another. Joint by river arms they form lake-r
ver systems stretching over tens of kilometres (e.g. Usmin - Goraodr
Ozeronsk, the Usvecha - Ushansk, the Mogilno - Sutonsk and other sy

The ratio

tems.
Residual lakes still exist on the site of pro-glacial water

dies, which became dry as the glacier retreated. The formation of
the basins of residual lakes is caused by the ruggedness of bedraol
relief and irregular accumulation of till. The characteristic feat
of residual lakes is their round and oval form, a slight jaggednes
of low and often paludified slopes, shallow water (Table 1).
Dammed and erosional glacial lakes are less spread in the 1
gion. Dammed lakes were formed as a result of the obstruction of

|

cial meltwater streams by morainic and agueo-glacial hills and T

Type of relief

filled by till forming dams here and there,

- 75 =
The lakes fill in low places of hummock-and-

\

{155- hollow and ridge
“Blief. Meltwaters, buried ice, rugged forms of pre-glacial relief
The structure of dammed lakes
as much in common with that of glacial lakes.

Erosional glacial lakes were formed in pre-glacial river valleys
;gn the territory where the thickness of Quaternary deposits was not

have contributed to their formation.

‘considerable and ancient valleys are well expressed in modern relief

This is typical of abrasion-accumulative limnoglacial plains.

After the retreat of the glacier such valleys turned out to be

and giving rise to lakes.
Jsually such lakes are elongated in shape and are of mean depth. In

valleys they form chains of lakes connected by a rivulet. For ins-

nce, there is a group of lakes in the valley of the Mitkovka River,
.g. lakes Utyse, Usovsk, Kuchinsk, Troitsk, etc.

The above-mentioned genetic types of lakes are related to two
ain stages of relief: hilly-morainic uplands and fluvioglacial
lains (lowlands). It has determined the morphology of lake basins
irst of all, their depth, telling upon the development of lakes in
he Holocene.

Heside the above types of lakes in Pskav region one can come a-
ross flat-bottomed, delta and karst lakes. They are quite few that
s why we do not give their characteristics.

On the territory of the region the lakes are spread unevenly
hich is determined by the character of the relief. Most of the lakes

e to be found on hilly-morainic and outwash plains,
0 8% of the surface is taken up by lakes. A small number of lakes -
ss than 1% is typical of slightly undulating morainic and limnogla-
al plains.

According to palynological data lacustrine hollows were formed

the territory of Pskov region in late-glacial period (Teomopdoaorus
uersepTuuHNe oTaoxenns Cemepo-Sanaza Esponefickoli uacrtu CCCP,
969; llyaby u ap., 1963). So in the floodplain of Lake M.Ivan be-
ath the lake marl of the Holocene age at the depth of 1.3 m silts

the Allerdd age were discovered. The same is observed in the
oodplain of Lake Usvyatskoye. On the Sudomy Uplandslake basinsg
isted already in the Subarctic period though being the waterbodies

where from &
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of local limnoglacial type. ) i <ol
@ . S day lakes of the hilly-morainic uplands it is 2-3 m, on outwash
The reconstruction of ancient lakes by means of palynological .
Jlains it ranges from 2-3 to 5-6 m, being 4-9 m on limnoglacial
methods on the territory of Pskov region testifies to the fact thaf .
pla .
primarily lakas made up 20% of the surface. Nowadays they account fg under the joint influence of the above-mentioned fact
= e actors in the
6% only. ’
Holocene some of the lakes disappeared, others bec
The main reason of the mass drainage of the lakes at the begins i § ) ’ Hosne Shallou e
. . . i re turning into mires at present, whereas the remaining ones have
ning of the post-glacial period lies in the drainage of the lakes By .ccrved their original character. The degree of the preservati
the river systems. Kunskas (HyHckac, 1975) states that a newly folge the lakes depends on the type of the relief which determi . 1“:
i ermines the
med rivermouth lowers the level of a lake as much as 1=-3 m. The CONgepth of the lake basins.

jugated character of the lake and river terraces also testifies - .
U Shallow lakes were formed on limnoglacial plains, prevailingl
the lowering of the level of the lakes (JNlecuenko, 1976). The data : 9Ly-
iTheir primary depth usually did not exceed 6-10 m. In these places
concerning the history of the development of the river system of {
siver systems started to develop earlier, and, consequently,the drai-

north-west of the East-European plain testify to the fact that the age went on at a higher speed. The accumulati i

: ; f . on of deposits also
main river systems began to form here in preboreal time, and - @ Bgisoi1ated the process of shallowing and overgrowing of lakes. Th
later their tributaries formed. The valleys of the rivers were foMfiy,.jnage of the lakes was especially intensive in dry period .Th :
on the site of the hollows along which glacial waters used to floug, 5.5 researcher U. Valk (Baxk, 1971) has pointed out thats. Eths-
down or inherited the pre-Quaternary hydrographic system. The firste. . :yory of Estonia in the Preboreal period the number of mi - £ :
river terrace above the floodplain is related to the second laken. was 6 times as much as during the second half of the B;:e:is o

shore terrace, the high flood plain terrace of the rivers to the It equally concerns Pskov region, where the greater part of th

first lake-shore terrace, the lower flood plain terrace of the rive ... of slightly undulating, morainic and limnoglacial plains h )

to the lacustrine flood plain terrace. rned into bogs. The peat deposits of the large raised bogs some :Z
The development of the lake basins was influenced by the chang square kilometres in area (Nikandrovsky - 10 sg.km, Tsavny Huktyn?

in the climatic conditions and the processes of the formation of 1 sg. km, Bolshoy Mokh - 59 sg. km, Linovy Mokh - 54 sg. km and ot-
custrine deposits. The Holocene is characterized by the alternatilers) are, as a rule, underlain by lacustrine deposits.According to
of dry and humid climatic periods. The dryness of the climate in thy. Tamoshaitis (TamomaliTuc, 1970), V. Lesnenko (Jecuenko, 1976)
Preboreal and Subboreal periods caused the shallowing and overgroulyng pthers, the ancient lakes 6-8 metres deep turned into Lngs in the
of the lakes. According to investigations ( FapyHKanc,1959) the Molocene. Judging by the area of the bogs one may come to the conclu-
vel of the lakes in dry periods sank 2-3 m. In the Atlantic and S&ion that the number of lakes of slightly undulating morainic and
atlantic periods the level of the lakes rose and, consequently, tlimnoglacial plains has reduced ten times.
drainage of the river systems greu. ‘ Outwash plains taking up a great part of the area of the extra-
Both the quantity and guality of the accumulation of the lac¥parginal zone of the Velikiye Luki and Sebezhy marginal formations
rine deposits are connected with the changes in climatic conditiofgre of agueoglacial origin. A peculiar feature of the outwash relief
Humid periods resulted in the increasing inflow of terrigensous d a great number of lakes - 6-8%, which is determined by a watershed
sits, whereas dry warm periods favoured the inflow of calcareous tuation of the territory, a weak indentation of the river system
organogeneous deposits. The total thickness of lacustrine deposiléhe lakes are deeper as compared ta those of limnoglacial plains. ,
in the mires of the lacustrine origin is 3-5m, while in the presédere, too, the majority of the largest lakes of the region is loca-
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ted. » ~sins of the hilly-morainic uplands have Teached their maturity.If t
The lake basins of outwash plains are mainly of glacial Urigi,qrgcknﬂ less than 2-metre-deep lakes among overgrowin Ve 0
less often they are represented by kettle-holes or dammed hollows. gopount for about 13%. 9 ones, thay will
They have all the features of maturity: a smaller indentation of th Thus, the speed of the disappearance and peludificats
‘ c
coast line than that of the lakes of hilly-morainic uplands,the 11?dapands, to a great extent, on the B 2F memsap = :h o: of lakes,
toral zone is well formed, the bottom relief of the lake basins 1is ynder the hilly-morainic reliaf conditions the da;th N 1ek olocene,
‘ akes reduced
flat-rolling. ' 2-2.5 times, whereas on limnoglacial Plains it reduced 5 tim
The river system of the outwash plains is most often presented cording to our calculations the 1ifetime of recent 1.5 ) es. Ag-
5Sm
by small river channels, the depth of the downcutting of which is 24n natural environment is about 750-800 years (JecHeno j:P lakes
3 m. The formation of the river system stimulated the drainage of Consequently, forecasting the development of the 1 k’ :5).
) ake
shallow lakes 5-6 m deep, which later turned into peatland, several territory under study one may assert the fact that in th W o the
" . | e ne s
kilometres in area. The paludified area of outwash plains makes yture the character of the laksland S not Yikaty 4o g arest fu
6-10%. The area of considerably large lakes has reduced by one thiy ange since it
(L. Osino - 8 sg.km, L. Big Olbyto - 8.4 sq.km, L. Beloye - 3.7 sq.pulations do not take into account human impact which c ith
i an either no-
km, etc.). ticeably increase the process of paludificatian or, on the contr
Shallow lakes, up to 2 metres deep account for 15% of the areprolong the lifetime of lakes. P

i1l take hundreds of years before they overgrow. However these cal
5 =

of outwash plains. Their basins are filled with a 4-5-metre-thick
layer of deposits. As a matter of fact, these are overgrowing lakeg
with respect to the area hilly-morainic uplands come next afte REFERENECES

Pskov Pedagogical Institute named after 5.M. Kiroy
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uue osep Cesepo-3amana Pycckoi paBHMHH . Bl 1,J.,1976,11-2]
O NpOMCXOENEHUM GOJOT cxkoBckoi#t obaacTu. — B KH,
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PHYSIOGRAPHY OF THE CENTRAL PART OF SAADJARV DRUMLIN FIELD
WITH SPECIAL REFERENCE TO LAKE RAIGASTVERE AND ITS
SURROUNRINGS

A.-M. Réuk

Introduction. Saadjérv drumlin field or Vooremaa ("Drumlin arsa",
wprumlinland'') serves as a lake stratotype area in Estonia. For these
purposes it proved necessary to present a more detailed survey on na-
tural conditions of the area with special reference to Lake Raigast-
verg and its surroundings.

Saadjérv drumlin field is located in the central part of eastern
Estonia between the towns of Jdgeva and Tartu (Fig. 1). The drumlin
field is bounded by different landscapes; in the east it borders on
flat and densely forested Alutaguse area, in the north on the rich-in
~fields Pandivere Uplands in the west on largely cultivated Central
Estonian Plain, in the south-west on the boggy basin of Lake Vérts-
jérv, in the south and in the south-east on the rich-in-fields South-

East Estonian Plateau. The transitional zone between Saadjérv drumlin

field and Pandivere Uplands includes the upper course of the Pedja

River with abundant woods and bogs, in the east and south-east it is

hounded by almost continuous belt of hilly moraine relisef and kame

fields being of little importance for agricultural purposes.

Hypsometrically Saadjérv drumlin field represents a water-shed
pland which south-eastwards turn gradually narrower and lower. This
area forms a relatively well-defined physiographic (landscape) region

(Granti, 1922; Varep, 1964, a.o.). The length of the drumlin field

rom north-west to south-east is about 55 km and from north-sast to
south-west (at the widest place) 27 km, its area totals 1200 kmz.
Unlike the Pandivere Uplands which has 2 limestone core,the Voo-

remaa Area as a large relief form is composed of loose (uaternary de-

posits with their total thickness usually not sxceeding 60-70 m, how-
sver, while related to buried valleys, it may amount to 100 m and
Bven more. In the northern part of the drumlin field the basement is
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gmaller and more elongated drumlins with steep slopes (Réuk, 1974,

1976). In addition to drumlins and interstitial troughs there occur
 gmall undulating moraine plains, eskers, moraine hills and kettle-
holes. Small dunes and other relief forms are rare.

Saadjdrv drumlin field is a densely populated area, and for the
 most part the drumlins and moraine plains have been turned into
figlds, whereas the majority of boggy troughs between drumlins serve
as hayfields and grazing grounds. The forests, once widely distri-
buted 0ON elevations, have survived only in places on steep slopes

and sandy-gravelly soils less suitable for tillage.

The deep interstitial troughs contain several eutrophic lakes
elongated in parallel to the drumlins. In view of the genesis, they
are considered as a separate group of drumlin lakes (Pirrus, Réuk,
1979; Kask, 1984). Keeping in mind, that the local bedrock relief

’has practically not affected the drumlinization, these drumlin lakes
‘;ay be considered as classical in the world, and therefore the struc-
ture of these lake basins is of great.scientific interest. One
should add here that the most typical and richest-in-lakes southern
part of the drumlin field has served as a landscape reserve since

1964. The physiographical features, characteristic of this area will
be dealt with below in more detail.

Topography and Geology. The area under consideration, i.e. the

Fig. 1. Map of the investigation area - the central and southe:
part of Saadjérv drumlin field - showing the situstion of L. Ralgas!
vere. 1 - drumlins and drumlin-like ridges; 2 - the main esker chai
3 - the main kame fields; & - lakes.

Central South Vooremaa Area extends from L. Kaarepere Pikkjédrv up to
,akes'Saadjérv and Soitsjérv in the south-east (Fig. 1). The surroun-
dings of L. Raigastvere and adjacent lakes represent a streaky clas-
sical landscape of big drumlins of Nw-S5E orientation. As beside lar-
composed of carbonate rocks, in the southern part it is made up frof ge well-developed drumlins, characteristic of this area, one may
Devonian rocks prevailed by sandstones (e.g. Kask, 1965).
Saadjérv drumlin field is notable for the remarkable size of
drumlins. Their number totals 100, they are of NW-SE orientation. Foi lake basins (from till surface) partially filled with recent sedi-

ome across small drumlin-like ridges; the relative heights fluctua-
te from some metres to 45 m, however, if measured from the bottom of

the most part they are 2-5 km long, 0.5-0.8 km wide and 20-40 m high ments, it may amount to 75 m.

belonging to the largest typical drumlins on the Earth. In the higl In the northernmost part of the area the bedrock is composed of
est, northernmost part of the drumlin field (up to 144 m a.s.l.) pre limestones and dolomites of the Lower Silurian Raikkila Stage. South-
vail gspecially large, but flat and slightly elongated gigant and wards they are replaced by sandstones, silts, dolomites and domerites
shield drumlins (up to 13 km in length, and 3.5 km in width).The of the Middle Devonian Pirnu Stage, followed by the Narva Stage with

wer, but more dissected central and southern parts are dominated by diverse composition within which the alternation of domerite, dolomi-
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te, clay, silt, sandstone and marl layers is observed, the southern- :Fields mark usually ancient coastlines.
maost area is prevailed by silt- and sandstones of the Arukila Stage According to A.

(Aalos et al., 1960; Rbémusoks, 1983). In the study area the bedrock ) o rocks ingthe peb:::k::azi?f::’ t:zZBilths senitant of rystsl.
is overlain by relatively thick {uaternary cover and is not exposed ;. the drumlin field, whereas the comtent DFUE::::::HF:::df :ZUZDflt
anyuheze. stanes ranges fram O ta 2%. The vast majority of carbonate rock ) i )

with respect to pre-Quaternary relief the central part of the ;iy] comes from the region narth of the study area where Quate 8 1n

southern Vooremaa area is located on the southern slope of the Pandi. EASTY,
vere Upland rising from the Viru-Harju Plateau, and on Central Es<
tonian Plain. The absolute height of the basement decreases accordin
ly from north to south from 50 m to about 20 m. The data obtained
through boring show that the ancient relief is guite modestly dissec
ted. From smaller rpelief forms one has to mention a buried valley ip
tersecting the floor of the Central Estonian Plain in NE-5W direc-

tion. The floor of the valley lies in places lower than 10 m  belao

cover is thinner. The content of carbonates (calcite and dolomite)
in fine sand fractian reaches 60% in the northern part of the drum-
lin field, being only 20% in its southern part.

Comet drumlins with a characteristic high stoss end and relati-
vely steep slopes occur in the central part of the drumlin field.
Elongated and often rathar deep troughs are located between drumlins.
The length/width ratio of drumlins is usually 6:1 - B:1, whereas
their length ranges from 3 to 8 km, and relative height from 10 +to
Pay ' . ' . _LD m. Initially, before the accumulation of sediments in troughs, the

The bedrock is prevailingly covered with till, in which one cai gjfference in relative heights was congiderably greater amguntin' t
distinguish two layers with different lithological composition, mosf 75 m, as it was mentioned above. Of the greatest height is the z ’
likely related to Valdai and Moscow glaciations (Late Pleistocene).li of nava drumlin (96.9 m a.s.l.) between the lakes of Pikkjérv "
places, first of all, in a buried valley near L. Saadjérv one may €@ prossa.
me across still vlder till related to Dnieper glaciation (Middle Pl% About 3.5 km to the north-west of L. Raigastve
istocene) and may be even to Early Pleistocene glaciation (e.g. Hagg arginal eskers, esker-kames and kames cnmposzd of ;fa:i:::3:i:I
1965; Payxac, 1978). The share of fluvio- and limnoglacial deposits ggnds and gravel crosses the drumlins and drumlinoids. Here and
located between till layers of different age, is not remarkable.late there the drumlins are intersected by peculiar water-gaps and hang-
glacial deposits are represented by varved clays, silts and sands ing valleys of NE-5W direction, to which sometimes small gravel an:
(first of all in troughs between drumlins), and pebbles, gravel and gand accumulations are related.

|

sea level (e.g. Tamacrt, Paykac, 1982).

and

sand (in marginal formations). Holocene sediments are prevailed by Since lake basins have developed between drumlins in the course
sapropel, lake lime and peat in interstitial troughs.The thickness 0 of drumlinization, and almast simultaneously with drumlins, they ara
Quaternary cover ranges from 20 m to 40 m in the area of smaller not only elongated in the same direction with the latter, but alseo
drumlins, in tha region with big drumlins it amounts to 60-70 m, b their shape and other morphological characteristics are in relative-
ing limited to 10-15 m in interstitial troughs. ly good agreement with the morphological characteristics of surroun-

In the area under consideration the till is of yellowish-gray ding drumlins (Pnyx, 1983; Huppyc, Puyk, 1983). For these purposes
colouring, rich in lime, consisting of clayey sand or sandy clay.p; the basin of L. Raigastvere which is located between strongly elon-
vailingly, the content of stonss is lower than in North Estonian tilgated, close-lying drumlins with steep slopes, characterized by wi-
The coarse till fraction is prevailed by carbonate rocks, pebbles fder stoss part and long slowly narrowing and lowering tail, is rela-
crystalline rocks are rather rare. As a result of clearing the ato:_ivsly narrow with steep banks and resembles a valley. It is bounded
from fields, the boulders are rare in cultivated areas, small stof by Raigastvere twin-drumlin (abs. height 91.0 m, relative height
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Fig. 2. Landforms in surroundings of L. Raigastvere.
ridges; 2 - small flutings; 3 - glaclally sculptured grooves; 4- moraine hillocks; 5 -

kame hillocksj 6 - glaciolacustrine and lacustrine plains; 7 ~ wave-cut scarps; 8 - water-

gaps and "hanging" valleys; 9 - small valley-like landforms; 10 - bog plains.
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38,8 m) in the south-west and by Praaklima drumlin (abs. height
 gg.7 m, relative height 38.5 m) in the north-east. A bit farther to
the east and south-east are situated the low Elmiku drumlin and re-
latively flat Elistvere drumlin (Fig. 2).

According to recent data (Payxac u xp., 1971) the continental
ice retreated from the central part of Saadjérv drumlin field more
'than 12,250 years ago. Immediately after the retreat of the ice the
|grea was inundaeted by the waters of ice-dammed lakes, only the tops
‘gf higher drumlins emerged from the water (Rdéuk, 1976). With the re-
cession of the glacier from the adjacent areas farther to the north-
west, the level of ice-dammed lakes sank and by the end of the late-
glacial the troughs between drumlins were occupied by cold-water la-
kes in which the accumulation of sediments with a little content of

organic matter started. About water level fluctuations evidence
wave-cut scarps and stone fields located at different heights.On the
eastern slope of Raigastvere drumlin they are tracable up to height
of about 15 m above present lake levs}. Higher than 60 m a.s.l. thaey
have been disturbed by ploughing and prove, thus, unreliable for eva-
luating ancient water level fluctuations. Wave-cut scarps are more
distinct at heights 1.5 and 4.0 m, the latter level is in places
marked by small stone fields.

Climate. Estonian climate is somewhat intermediate between ma-
rine and continantal ones. According to the continentality of the
climate, the area under the immediate effect of the Baltic Ses and

hat of Interior Estonia are distinguished. As Saadjdrv drumlin
figld is located at the distance of 140-150 km from the sea,its cli-
nate has obtained some signs of continentality with respect to coas-

al areas (e.g. winters are colder and summers are warmer). As with-
in the boundaries of any landscape region there develop its own cha-
racteristic system of microclimates and local climate, then accord-
ing to Estonian climatic zonation scheme (Raik, 1967) Saadjirv
drumlin field serves as an independent unit in the North Estonian
ubregion of Interior E£stonian climatic region.

As Saadjérv drumlin field lies in the region actively influen-

ed by North Atlantic cyclones, its climate is humid and the weather
8 rather changable, sspecially in autumn and winter.Winters are mo-
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derately mild but long, summers cool and short. The lowsst tempera-
ture recorded is -43°C, it is related to the invasion of cold air
masses from the north and north-east. In spring the weather is usual.
ly clear and dry. The main climatic characteristics are presented i
Fig. 3.
ture is -7°C). The highest mean air temperature (16-1700) is related

to July. The mean ennual air temperature (4-4.5°C) is a bit lower
drumli

than in surrounding areas since the absolute height of the
Saad jérv

figld is greater. With respect to other Estanian regions,
drumlin field is characterized by relatively great air temperaturs
fluctuations and the shortest period without night frosts (it lasts
only for 110-120 days). The vegetation period (average temperature

above 5°B) lasts mostly for 170-175 days, the period favourable for

the growth of thermophilic plants (average temperature above 157C)

lasts for 40-45 days only, and the sum of active temperaturss rangsg

from 1650-1750°C. The spring frosts are likely to occur here earlier
than in other parts of Estonia. If on the islands and aon the waster
coast the last frosts occur towards the end of April, then here t
continue for a month longer; the autumn frosts begin a month sarlier
than on the western coast (Eesti NS5V agroklimsatiline..., 1962; Too
ming, Arold, 1977; ArpoKJAMMATUUYECKNE DECYDCH..., 1974).

tike in Estonia, as a whole, the prevailing winds in Saadjérv
drumlin field are south-westerly which bring from the Atlantic Ocea
relatively cool and humid air masses. The mean annual precipitation
is 600-650 mm. Due to the vicinity of the Pandivere Uplands and evi
dently becasuse of greater absolute height, precipitation is a bit
heavier than in surrounding lower-lying areas. About 60-65% of an-
nual precipitation falls in the vegetation period. August is the
most rainy month and March is the driest one. Permanent snow cover
lasts for over 110 days, it becomes established usually on the 5-
15th of Decembar and melts at the end of March. The snow is usuall
the despest (generally 30-40 cm) at the end of February and early i
March, reaching sometimes 90 cm. There are 50-60 foggy days a year.
Due ta the shortage of forests strong winds make themselves felt i
Saadjérv drumlin field more than in surrounding arsas (ENSV agrokli

“
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The coldest month of the year is February (the mean air tempera.

aadjérv drumlin field.
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ma..., 1962; Tooming, arold, 1977). . Raigastvere ke i
3 s are spre
pue to dissected relief microclimatic conditions reveal regularp P . pread only north-west of it, on Nava
and Ehavere ce-marginal formations. To the north of the latter, i
, in

variations within the boundaries of the drumlinland. Microclimatic g £
theg environs O Luva settlement one comes across a more extensive

Dhe 85 remarkably ixed woodland area with abund
-m abundant b - 5
Thus, the difference between maximum air temperatures on the drum- . rogi-lesued treg SERCLGN: ®O.

differences betwean drumlins and interstitial trou
jnus excelsior, Acer plat d

o ’ platanoides, Quercus robur, Tili

= ia

1lins and in boggy troughs may be 5-6-C at calm clear nights (Aruld'Hulmus laevis, etc. ’ cordata,

Jogi, Raik, 1976; Tooming, Arold, 1977).
For the most part, L. Raigastvere is surrounded by a 20-50 m

Vegetation. According to gaobotanical subdivision of the Estn-wid8 ol e o Veas eanbinusee nus 3 :
nian territory (Laasimer, 1965) Saad j&rv drumlin field belongs to &contains s ShRinoms Be il SE1bE ncana belt, which in places,
the East-Baltic geobotanical subprovince with the gpecies of weste distributed on low bl e ii; and Hetula pubescens are
provenance being of much more limited distribution than in coastal esternmost carts of the lske. south-eastern and north-

T 5
areas. 1t is related to the East and Central Estonian spruce woaods he surrounding drumlins have been

1most entirely turned into fields wi
and mixed spruce forests area where jt is considered as an indepen- . razin with only their stesp slopes being
used as gra g grounds (e.g. the eastern slope of Raigastvere drum-

dent subregion. The area has been inhabited from time immemorial, 1in). The area adjacent to the lake is relativel
people have lived here for thousands of years, and left their trace T — I vely densely populated.
5 Bos rumlin field is conside s
re. If in the ma R red as an in-
; gpendent soil microregion (see: Eesti .
ginal zone of the drumlin field one may come across a patch of pn:?ts N ——. ES:; NSV mullastik..., 1974). Of
s s ’ soils account for 40%, subh -
or rich-in-species spruce wood, a?d Zn the eastern boi:dary also -& orphic soils and hysamaablin sole (oo woilsl Reks i 3:% vd:uz
cross small stands of pine, then in the central part e natural 17~espectively. e — an 5%,
tact plant cover is almost lacking, the area is covered with secun.landv slay soils Coakd e , clayey sandy soils and
° aklng up of the area of soils
, a8 a whole)are

dary natural plant communities, and the share of forests is rather ¢ the widest distributi "
0 on.
small. About 4/5 of the territory, i.e. almost all its elevated n the southern part of the drumlin

on the development of plant cover almost everyuhe

figld, where the drumlins lie c
areas and easily drainable troughs have been turned into fields and. b . lose to one another, the share of au-
tomorphic soils is higher and that of hydromorphic soils 1
cultivated meadows. Thus, the south of the central part of Saadidl_; .. average. Also the N ower
. contr .
drumlin field serves as one of the most largely cultivated areas ution of subhydromorphic soils

than
‘somewhat modest in th is
s n e southern
Estonia. The troughs between drumlins are occupied by paludified coited for b part of the drumlin field. It is ac-
} nted for by the circumstance that here the slope gradient exceeds

poor-in-species meadows, mineratrophic meadous of different £yPe: s gyera
ge value, and temporarily excessivel
y moist areas are of li-

birch stands and in places, b mixed spruce forests. In forsaken .
rch stands and, in P » BY P ited distribution at the foot of the drumlins.

areas, fallouws, coppices used for grazing, and on field edges 0Oneé . i X
In the immediate vicinity of L. Raigastvere automorphic soils

can meet small shrubberies of Alnus incana. Wetlands are represen; .
are dominated by brown scils, lessivaged brown soils and pseudopod-

ted mainly by gutrophic mires raised bogs are rare. Swamps and ) )
’ olic brown soils which are related to the tops and slopes of the

terlogged mineral lands have been mostly drained and turned into 4o o955
s and undulating morains pl
cultivated meadows (grasslands). plains located north-west of the

ake. Gleyed soils and gle .
The Forests are small. On alevated relief forms they occur on! gley soils (subhydromorphic soils) are distri-

uted as narrow Sh!ips on the foot of dIU“lillS, in lower parts of
< 3 V!ath due to B]‘()Ei lai :
an stgap SLDDEE where and Cultivat n is aggra 1 ains and in the elevated Haxgillal areas of tro hs. The t g“

1 10 8 ug roughs

and also in sandy and gravelly areas. In the immediate vicinity B i cvoniine s aoeupted gREsBEEEEeELLY B 5
ally by soils of flood-
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On steeply dipping drumlin slopes soils may

plain only (Fig. 4).
the thickness of the overlying

pe from weakly to averagely eroded,
deluvial soil layer does not exceed 1 m.

In Saadjérv drumlin field the vast majori
+ fertile soils in Estonia. If to use a 1nu%

ty of automorphic

soils belongs to the mas
point scale, the productivity of fields in this area may be estima-\
ted as 45-48, in places even 55 points.

The Present State of Lake Raigastvere.

in the boundaries of Saadjérv drumlin field,
These are the lakes Prossa, laarepere Pikk jén

Ilmjérv, Raigastvere, Kalavere, flistvere, Soitsjérv, Saadjarv, Pu
pastvers Umb jérv and Vasula. By now L. Pupastvere has practically '
ceased to exist, L. Ilmjérv is situated on the flpor of a transvers
Vasula near Tartu belongs rather to valley lakes
e typical drumlin lakes elongated in paral-
They are rather unigue, maﬂ

There are 12 lakes with
!
of which 10 are locate

in its southern part.

gap-valley, and L.
The rest of the lakes ar
lel to drumlins in the Nw-SE direction.

rumlin lakes in Europe which basins hav
L. Raigastvere 1is

be even the only d e develope

only due to the moulding action of the glacier.
t for its strongly slongated shape. Especially its south-

part resembles (but it only resemblest) a valley lake, th
a typical drumlin lake. Thu

I
|

prominen

gastern

th-western part is wider and reminds

nor
rves as a "negative" of adj

in view of its shape L. Raigastvere se
cent drumlins.

Lake shores, especiall

e to the erosion of till), elseuwhere loy

steep, stony OT gandy (du
and turfy, in the south-easternmnst and north-
judified. Although the shores are relatiVely steep, the lake flo
is rather flat (Eesti jérved, 4968). The coastline is weakly inden
r in peninsulas, capes and hays as is the case with the ma

westernmost parts

ted, poo
jority of other drumlin lakes as well.

Hydrugraghy. Lake Raigastvere belongs to the drainage area of
the Amme River, which is the tributary of the Suur-tmajogi River.l

main morphometric data of the lake date from the period after the
lowering of the water jevel by 0.5 m, an

jute height 51.8 m, length 3.7 km, maximum width 0.5 km (in the
, area 1.2 kmz, average depth 2.7 m, m

d they are as follows: abi

sputh-eastern part 0.25 km)
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1 - brown and lessivaged

4. The main spil types in environs of L. Raigastvere.

Fig.
brown soils
soils;

Do 5 %
s pseudopodzolic brown soils; 3 - gleyed soils; 4 - gley soils; 5 - deluvial

6 - bog soils.
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ximum depth ca 4 m, volume ca 3.6 million m3. The greatest depth small area. Within the boundaries of modern lake the volume of the
is related to the area lying a bit south-west of the central part. pasin has reduced on account of these sediments by about 3/6 as re-
The inflow of water into the lake takes place through Nava gards its initial value.

brook which has been remarkably straightened and dredged. It dis- Macrophytes. Phyto- and Zooplank ton In 1951 the vegetati
i y ation wa
charges into the lake about in the middle of its eastern shore. In gganty, however, the number of plant species reached 20 g s
ants
addition, there are several ditches and numerous springs on the covered about 15% of the lake’s surface The observations parfp d
{ * orme

floor and shores of the lake contributing to its water supply. In jn the north-western area of the lake in 1984 showed that the situ-
summer the ditches are usually dry. The outflow of the water pro- gtion has not changed much during the past 30 r—
ceeds through a brook (it has been turned into a ditch) in the sout Shore vegetation, occuring as a comparatively narrow and inter-
-eastern part of the lake which falls into L. Elistvere. During thafrupted belt, is dominated by Phragmites communis and Schoenoplectus
high water the low north-eastern and south-western shores are flog lacustris, followed by Equisetum limosum, Typha angustifolia, Acorus
ded at a width of about 10-15 m (Eesti j&rved, 1968). ‘calamus, a.0. (Fig. 5). Floating-leaved vegetation, related mainly to
Basin Topography and Sediment Thickness. The lake occupies the the north-western and south-eastern parts of the lake, is prevailed
deepest, north-western part of a long trough between drumlins. Tm;by Nuphar luteum, followed by Potamogeton natans and Polygonum amphi-
trough stretches from L. Raigastvere at the length of 3 km south-ﬁbium. Also ephydate vegetation is concentrated, for the most part,
sastwards where it joines with the basin of palaeolake once located into the north-western tip of the lake, prevailingly. More abundant
at the site of the present Lavasoo bog. In the part of the trough !uere Charophyta, Elodea canadensis, Potamogeton perfoliatus, P. pec-
under consideration, Holocene lacustrine sediments are lacking (wit tinatus, P. lucens, Ranunculus circinatus, etc. Submerged vegetation
the exception of a narrow belt near the south-eastern tip of the lg occurred, in places, among shore vegetation as well, forming someti-
ke). The north-western part of the trough, where the modern lake §mes independent patches (Eesti Jérved, 1968; Miemets, 1977).
situated, is for the most part filled with sediments. UWithin the 1%
mits of the modern lake the initial basin, fixed after the till sur
face, resembles a steeply and evenly deepening channel with its
south-eastern slope having a steeper gradient than the north-wester

one. The floor of the initial valley is dissected by shallow depr YR e e i i
R m
sions and elevations, in the north-western part there are 2 rid - oD ecccel

i = @ & = L S T S

up to 5 m in height which resemble drumlins and are entirely cove ot W e B e e i =
by lacustrine sediments. °
Near the western and south-wsstern shore the lake bottom is

sandy, being otherwise covered with mud. The thickness of saprupﬁH . F?g. 5. Map of the vegetation of L. Raigastvere (compiled after
reaches 9 m. Sapropel is underlain by late-glacial terrigenous la uvikens - Eesti NSV j&rved, 1968). 1 - Phragmites communis; 2 -

custrine and glacio-lacustrine sediments with the thickness of a-:?:ggzirfg?afe?séﬁr:gﬁi2::r252;3:i:az:;cgég§:3gélgcEugcygzzggiicfug
1 m and at least 5.6 m (in the deepest part of the lake), respSC@*.g:ggsg:z:zugéc:i;azssamggetunhngtana; 7 - Polygonum awphibium?, 8-
vely (see Pirrus, Rouk, Liiva in the present collection). Peat ",ﬂz éé:g:ﬁm;l1n - Eare;; 1?rEPEXUSB:nsaﬁégsﬁgi:?n:geﬁsagérzs-cgggiiz_
places 4 m thick) fills the basin in the vicinity of the north- € tog aloidg:? ?gtgspéiggst:;s; 13 ; Typha angustifolia; 14 - Stratio-
tern and south-eastern tips of the lake and within a relatively E8um. geton perfoliatus and Batrachium foenicula-
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es "the blooming of water! In L. Raigastuere the water is greenish-gray, with low t
' w trans-

~96=
Phytoplankton is rather rich and caus
in summer (M@emets, 1977; Illopk, 1958). Relatively abundant zooplank

ton is dominated in summer by cladocerans (Chydorus sphaericus, Daph
lake species (Chydorug (H#CU3 concentration being 162 mg/1), poor in organic matter (dich
ro-

tic oxidabilit - % i
ma y 21-23 mg/1 02) (Eesti jérved, 1968; Maemets,1977).

parency (0.9-1.4 m), susceptible to mixing and warming, with alkaline
reaction (pH 8.3-8.4), with an average mineral matter concentration

nia cucullata) and copepods. Beside sutrophic
a c. coregoni, 8.0.) zooplanktaon is reprasented al
poor water (Daphnia cristata,a.o, Hydrochemical classification of Estonian lakes refers Lake Raigast

‘ aigast-

~yere to 1B group (Mdemets, 1965). It is a typical eutrophic lake.Sin

aphaericus, Bosmin
so by species preferring nutrients-
(Eesti jérved, 1968; Méemets, 1977) .
Hydrochemistrg. The main chemica
Lake Raigastvere are published in the collection "“Estonian Lakes"

(Eesti jérved, 1968), and they are based, for the most part on the
studies performed in 1951 and 1957 (Table). In the winter of 1985 m‘cuncentratinn in water is average or above it, being related t th
" : a e

Raigastvere and adj effect of rich-in-lime soils in the drainage area, flowage and botto
m

1 water characteristics for Ce 1957 the concentration of organic matter has presumably i
ncre
due to human impact. SEEG

]
In all the lakes of Saadjérv drumlin field the mineral matter

water electric conductivity was measured in L.
cent lakes. springs (Eesti jérved, 1968). The ion-composition has been prevailed
by HCD3 and Ca”® throughout all the hydrological periods. The concen-

Table _ tration of iron-compounds was remarkable in bottom wat
Chemical and physical water characteristics in the lakes In lake t i e o
' st ) water organic matter is represented by both the t
Raigastvere, Soitsjérv, Elistvere, Seadjérv and Kalavere. hthonous (origi S
c us (originating from aguatic plants and thick bottom mud lay-
er) and allochthanous material. The concentration of allochthonous
P Raigast- Soits- £list- %ﬁad' Kais- organic matter is low, because the conditions prevailing within the
yere jérv vere Jarv VBre pguyndaries of culti
jes of cultivated drainage areas of such lakes do not favour
pH 8.3 9.0 8.4 8.4 8.4 the washing out of organic matter by water (e.g. CMupeOoB u Ap
spac.cnnductivitv,MS/cmz 130 173 PTAN 92 138 1969). Here organic matter is for the most part of autochthonous ;ri
ca"" mg/l L4.9 21.4 38.5 45.7 49.7 gin, and it reveals small seasonal variations; the organic matter
- 8.6 7.3 8.9 10.9 g.g composition in water is prevailed by dissolved fraction, whereas the
Na® and K° mg/l 2.8 1.8 1.8 5.5 2.3 share of colloidal fraction is considerably lower; for these purposes
! 0 o ) 0.04 o the colouring of the water is not very intensive and oxidation pro
ooy ma/l 161.7 91.5 152.6  177.0 178.B cesses are characterized by low values (Simm, 1975). The bulk of the
7 ] 6.0 3.2 2.8 4.6 5.3 humic matter entering L. Raigastvere comes from flood-plain bogs ad-
so;” mg/1 11.5 9.6 11.5 9.2 12.5 Jacent to its north-western and south-eastern parts.
o S — 131.8 210.0  238.4 255.8 Autochthonous organic matter contributes to the enrichment of
o ol 0.048 0.038 o 0 o water bodies with biogenic material and accumulation of-mud  on the

A  lake bottom. i
The values are based on the daily determinations for the period JU om. The abundance of nutrients creates favourable conditions

for the d .
13-24, 1951 (according to Eesti jarved, 1968). uater samples for & F evelopment of aguatic plants, due to intensive development
of phytoplankton the concentration of phosphorus and nitrogen com-

cial conductivity determination were taken in winter 1965. i .
pounds in water decreases to analytical zero (Simm, 1975). The water

samples collected in summer show that in 1950ies the concentration
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of phosphorus in the bottom water layer was 0.049 mg/l, whereas only
the traces of phosphorus were detected in the surface layer (Eesti
jérved, 1968). It refers to the eutrophication of the water basin.
The results obtained through the study of the concentration of th%
compounds of phosphorus in bottom sediments show that in recent yeqﬁ
the concentration of phosphorus has increased in the lake.

To a certain extent water quality is revealed through its
cific electric conductivity. It was measured in surface water samplw
taken in February and March 1985. For the seven lakes studled the W’
lues obtained proved high, fluctuating from 92 to 173 j&S/cm . Watey
electric conductivity of Lake Raigastvere (130 /uS/cm ) was rather
cluse ta that of L. Kaiavere (138 /As/cm ) and L. Elistvers (1hh/ua
cm 2y. It was considerably higher for L. Soitsjérv (173 /AS/cm ) sub-
jected to intensive paludification, and L. Vasula (158 /uslcm ) ex
periencing the effect of town Tartu, comparatively lower values were
obtained for the deap and large lake of Saadjérv (92 /AS/cm ) and L,
Kuremaa (101 MS/cm Py

Lake Raigastvere has reached its present state as a result of
long-term development. Its bottom sediments and the results obtaineg
by corresponding studies will be dealt with in the following papar7

spe.

the present collesction (see Pirrus, Rouk, Liiva).

Academy of Sciences of the Estonian 5.5.R.,
.Institute of History

REFERENCES ]

)
Aaloe A., Mark E., M&nnil R., Madrisepp K., Orviku K. Olevaade Ees

aluspdhja ja pinnakatte stratigraafiast. Tallinn, 1960, 61 1k
Maastikuprofiil (le voorte ja nogude. -

Arold I., Jégi J., Raik A.
Eesti Loodus, 1976, 6, 380-387.
Eesti jarved. Tallinn, 1968, 532 1k.
Eesti NSV agroklimaatiline teatmik. Tallinn, 1962, 195 1k. L
Festi NSV mullastik arvudes. Tallinm, 1974, 92 lk. ;

B
Grant J. Eesti maastikulised (ksused. - Loodus, 1922, 2, 105-123.h

=99~
Kask I. Eesti jérvendgude kujunemisest. - In: Eesti Geograafia Selt-
si aastaraamat 1980. Eesti NSV pinnavormide genees. Tallinn,
1984, 123-130.
Laasimer L. Eestl NSV taimkate. Tallinn, 1965 397 1k.
Eesti jarvetGipidest. - Eesti Loodus, 1965, &, 201-204.
Eesti NSV jérved ja nende kaitse. Tallinn, 1975, 267 lk,
pirrus R., Réuk A.-M.

maemets A.
Miemets A.
Uusi andmeid Soitsjérve ndo geoloogiast. -
In: Eesti jérvendgude ja saarkdrgustike kujunemine. Tallinn,

1979, 118-144.

Raik A. Lesti klimaatilisest rajoneerimisest. - Eesti Loodus, 1967,
2, 55—70.

Réuk A.-M. Voorte ja voorelaadsete pinnavormide morfoloogiline va-

heldusrikkus Saadjérve voorestikus. - In: Eesti Geograafia Salt-
si aastaraamat 1973. Tallinn, 1974, 5-35.

A.-M. Vooremaa kujunemise pdhijooni. - Eesti Loodus, 1976, 6,
367-374.

Radmusoks A.

Réuk

Eesti aluspdhja geoloogia. Tallinn, 1983, 224 lk.
5imm H. Eesti pinnavete hGdrokeemia. Tallinn, 1975, 200 1lk.
fooming H., Arold I.

area. - In: Spruce Forest Ecosystem Structure and Ecology, I.

Characterization of the climate of the Vooremaa

Introductory Data on the Estonian Vooremaa Project. Tartu, 1977,
43-53.
The landscape regions of Estonia. = In: of

156. Publications on Geography, IV.

Varep E. Transactions
the Tartu State University,
Tartu, 1964, 3-28.

ArpoxymMaTnyeckue pecypcH JcToHckoli CCP. Jlewunrpan, 1974, 174c.

Kagx H.®. K reosorum CasabsapBCKOr®c ILDYMAMHOBOI'O IOJS. — B KH.:
Juronorus nm crparTurpadus UYETBEPTHUHHX OTJIOXEHMIT DCTOHMH.
Taxmnu, 1965, 23-28.

Imppyc P., Puykx A.-M. Osepa CaaapapBCKOro APYMAMHOBOrO MOJAS
/Cojircoaps, Pajiracteepe/. - B kH.: [lporpemma m myreBomm—
TeJb 3KCKypcuii nmo osepam. Taxamu, 1983, 67-74.

Paykac A., Paxuu 3., Mmiimes A. KpaeBme JemHUKOBHE OGpasOBAHUS
Cesepnoii dcroumn. Tensun, 1971, 226 c.

Paykac A. IlreiicToueHoBHe oTsomeHUS OCTOHCEKOiH CCP. Texann, 1978,
3I0 c.




=100~

Puyx A.-M. Penmesuc u npoeTpamcrTsenHas BapuabesbHOCTb KOTJOBUE
MeXIPYMANHHHX 03€p., - B kH.: Jlcropms osep B CCCP. Tesucu
noxnanos Y1 BcecomaHoro cosemsHus. lagaue, 1983, 171,

TaBacT 9., Payksc A. Pesped KOpeHHHX nopok dcTouuu. Tanuaud,
1982, 194 c.

Cmupuos M.II., Tapacos M.H., JBaruoBa A.B. CBasm Mexny nouBamu
¥ ODPraENYecK!M BEeleCTBOM NOBEDXHOCTHHX BOJ KaK MOKasaTexb

Ce.

reoOXMMMUECKOr0 CONPAXeHUsT KOMIIOHEHTOB ﬂannma¢wa. - B KHe:

MaTepuasn XXXIII ruapoxumMmyecKOro coBemaHus. Te3UCH OOK-

sanoB. Hosouepkack, 1969, 129-130.

YIOK 991.2/474.2/

PUBNUECKAA T'EOTPAGMA LEHTPAJLHON YACTH CAAINBAPBCKOIO
IPYWIVHHOIC IIOJIfl. O3EPO PAJI'ACTBEPE ¥ ET'O CHPECTHOCTM

A,-M.P. Puyx

Peswome

Pastupaprcsa

AaBJagpmerocss OJHUM U3

CKOT'O  IDYMJMHHOTO
paifoHOB OB3EpPHHX OTJAOXEHMII JcToHuu. OCHOBHOE BHUMAHUE YIEJSETCH
LeHTpanbHOM, HamboJsee pacuJeHEeHHON KU O3EepHON YacTu HPYMJAMHHOTE

|
Oan3gexaumM OKPEeCcT-

noJd,

noJasi, B YacTHOCTHM o3epy PajiracTBepe u ero
HocTaM,. PaccmMarpuBapTCs I'€oJOrMYEeCKOe CTpOeHUe,pesbed, 0CobeR-
HOQTY MECTHOI'O KJMMATA, DaCTUTEJbHHI M NOYBEHHH) IIOKDOBH Tep-
pUTOPUM, & TAKXE COBPEMEHHOE COCTOSHME M IUIPOXMMUs osepa Pajt-

racTeepe.

Axanemus Hayk dcToHckoii CCI
VHCTUTYT MCTODPUM

rJaBHHE UepTH (uauueckoil reorpadui Caa,m:ﬂpa-;
CTPATOTUIIHEY

-101=-
GEOLDGY AND STRATIGRAPHY OF THE REFERENCE SITE OF

LARE RALIGASTVERE IN SAADJLRY DRUMLIN FIELD

R. Pirrus, A.-M. Rbuk, A. Liiva

In view of natural completeness and peculiarity Saadjirv drumlin
field has been selected as a reference site for stratigraphical sub-

division and geocorrelation of Holocene continental lacustrine and

peat deposits in the tstonian territory. Ssadjirv drumlin field as

one of the largest and most representative on the East-turopean
Plain, is an unigue landscape area with tharacteristic big drumlins
of NW-5& orientation and intertitial troughs forming a complete geo-
logical complex (Fig. 1).

Peculiar relief accounts for particular microclimate, water re-
gime of soils, migration of chemical eléments, composition of soils
and vegetation as well as land tenure (Rbuk, 1976; Arcld, 1977). Ac-

cording to landscape (Varep, 1978) and gecbotanical subdivision
(Laasimer, 1965) Saadjidrv drumlin field is regarded as an independent
region.

The basin of Lake Raigastvere is chosen for a reference site in
Saadjdrv drumlin field. [t should be pointed out that the dimensions,
sedimentation rate and composition of sediments of both the reference
area and reference site are in accordance with the recommendations
presented by the IGCP Project No 158. Natural geographical characte-
ristics and the results obtained through the studies of Lake Raigast-
19€7). In the present
paper the geological structure of sediments filling the lake
and the development of the lake dealt with;

pollen innes of Holocene deposits in the reference profile and pre-

vere and its basin, are also presented (Rauk,

basin
is it also describes

sents C dates and peculiar features of pollen diagrams of the re-

ference area.

Deposits. For the most part the basin of Lake Raigastvere has
been filled in with limnoglacial and lacustrine sediments by now.

The share of peat deposits is inconsiderable (Fig. 2)

. Un account of
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Fig. 1. Geomorphological scheme of Saadjdrv drumlin field (Rouk,
1976) and scheme of position of investigated pro-
files of lacustrine and bog sediments. Conventional signs: 1- drumlins
land drumlinoids; 2 - eskers; 3 - radial moraines; 4 - transversal val-
}levs cut into drumlins; 5 - hummocky relief; 6 - undulated moraine
plain; 7 - fluvioglacial delta; 8 - gravel hillocks covered by till;
Dg - marginal moraine ridges; 10 - kettle-holes and kames.
arabic numbers: 1 - reference profile of Lake Raigastvere; 2 - RI 4
JprufilE of L. Raigastvere; 3 - L. Soitsjérv (Pirrus, Rduk, 1979); &4 -
‘L. Elistvere; 5 - L. Pikkjérv; 6 - L. Kuremaa; 7 - L. Kivijdrv (Truu
| jt., 1964); 8 - kettle-hole Siniallika (Iluppye u Zp., 1987); 9 - pa-
Judified L. Visusi ( Muppyc, 1969, 1971). :

:thess sediments the initial volume of the lake basin has decreased by
three fourths. The thickness of limnoglacial and lacustrine sediments
js over 15 m. Due to its considerably steep coast, L. Raigastvere

has underwent only a slight paludification, however, at the same time,
\the degree of sedimentation is approximately close to that in lakes
imith remarkably reduced areas.

Late-glacial deposits. Throughout the whole
'lake basin the basal till is overlain by varved clays with their

kaste =,
Pa ;,?/ M}(

‘thickness amounting to 5.6 m in the deepest part of the basin, being
‘gbout 2 m in shallower areas (Fig. &4, HII 3). According to the re-
‘sults obtained through varve counting the formation of varved clays

proceeded about 60 vyears. In the shallowest part of the intertitial

!izz1
57 |2
NG
@4
@5
=
5.2
Eeid
70
Fig. 1. Geomorphological scheme of Saadjirv drumlin field. organic matter content is usually only 2-6%, and it may be a bit

Legend on page 103.

trough, beyond the boundaries of the distribution of lacustrine se-
diments, where the till surface lies 10-15 m higher, varved clays are
lacking and till is overlain by sandy-silt, silt and, in places, by
a thin silty-sand layer (Fig. 2, see the profiles, StE of the present-
day lake).

In vertical sequence varved clays pass smoothly over into silty
clay and pelite silt devoid of rhythmic lamination. Upuward the pro-
file the colour of sediments changes quickly from brownish to grey
and greenish-grey. This complex represents already late-glacial ter-
rigenous lacustrine sediments and comprises dark layers with someuwhat
higher organic matter content. Bryales remains are scattered or occur
by layers in silty sediments, especially in the upper part of depo-

sits, where silt and sandy-silt layers are more frequent as well. The

r O —
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higher only in layers with abundant Bryales remains. The thickness
S of late-glacial lacustrine deposits is 1 m, seldom it may reach 1.5m
S (Fige 3.4)-
Holocene deposits. In the basin of L. Raigastve-
re Holocene deposits are prevailed by gyttja (Fig. 3,4) up to 11.6 m
in thickness (Fig. 25 6,7). The average thickness of gyttja is 6-9 m,

in the north-western and south-eastern tips about 4 m. Gyttja is re-

'S 1atively rich in mineral matter. It may be related to the steep gra-

gient of both the basin and drumlins located in the immediate vicini-

ty of the lake.

Terrigenous component accounts for 60 per cent or even more in

western part of the l..Rai-
gastvere. Legend on page 107.

the profile (Fig. 5). In the sediments of pollen zones BO1, SB1  and

'tsisAz it amounts to 70-75 per cent, being especially high on the lower

/ Fig. 4. Profile from the north-

boundary of Holocene sediments (78%), whereas towards the upper part

of PB it decreases rapidly (to 70%).

7 =18 B

25 B =2
T Ban | s

RI3

In L. Raigastvere gyttja is rather poor in CaDDB, except for

| BO1 and B02 pollen zone deposits where it amounts to 15-19%.Lighter,

prownish-green colour of gyttja testifies to the lime content.

Urganic matter content increases from the lower part of pollen

‘zone 582 and exceeds 30%. In the deposits of pollen zones AT1, AT2

RI2

and 581 it is about 30%, decreasing downwards to 25% and below it.

“Z} In littoral deposits the share of terrigenous component still
Pncreases. Silts and sands with their organic matter content being

Rt

20% and below it, are distributed in the coastal zone, their grain-

-

size composition and organic matter content change upwards.
i

In the narrow swampy part of the basin north-west of the lake

g

L &
3
> s

and on the north-eastern coast of the lake a thin lacustrine lime

L[

BN

v
e

layer is overlain by fen peat (Fig. &4). In the swampy south-eastern

4
-,

nd of the lake gyttja turns in the uppermost part into dy and at

b

last into fen peat as well.

Fig. 4. Profile from the north-western part of the L. Raigast-
ere. Conventional signs: 1 - slightly compressed and compressed
yttja; 2 - gyttja; 3 - lacustrinme lime; 4 - calcareous gyttja; 5 -
lant remains in gyttja and silt; 6 - subfossil molluscs in gyttja

01 .

nd lacustrine lime; 7 - silt and clay; 8 - varved clay; 9 - sand;
> -;3x7 0 - gravel; 11 - deluvial sediments; 12 -~ organic matter in sand;
S e 3 - till; 14 - bore holes. PB-5A3 - pollen zones.
T T T T T T T T T T T T T T T T T T T T T T T T [
ER 3 R 2 S
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Stratigraphical subdivision of sediments and description of
lake’s develdpment is based on pollen evidence obtained through
the study of the sediments from the central, deepest part of the
lake (Fig. 2, Ry 4 R g, Fig. 6,7) as well as from its paludified
and sublittoral areas (Fig. 2, p. 6,7,8,9).

General remarks on lake development. Continental ice retreateﬁ

from Saadjarv drumlin field during Gothiglacial between Utepdd (Luy
ga) and Pandivere (Newa) stages. buring the existence of Pdltsamaa ]
- Peipsi ice marginal lakes the area was covered by thelr waters,
from which the highest drumlins emerged forming an afchipelago
(Paykac, Paxuum, 1969; Paykac u Ip., 1971). At that time[ it might
have been the beginning of the Older Dryas (DR2) 1 varved clays accu-
mulated in intertitial troughs. The water level of ice-marginal la.
kes was relatively high. The water level of ice-marginal lakes is
marked by abrasion scarps, the latter are low and of ten disturbed hﬁ
ploughing terraces. The altitude of an abrasional scarp on the
slope of a Saadjarv drumlin shows that at that time the maximum |
height of water level might have been 75 m, whereas another, luuerY

scarp on the slope of a Raigastvere drumlin refers to an

abrasional
|

height of 65 m. As a result of the retreat of continental ice the
ice-dammed lake ceased to exist in the first half of the Ulder Uryas
The water level dropped abruptly and independent lakes were formed
in the deepest parts of interdrumlin hollows.

prumlin field lakes form a pecullar type of glacigenic lakes.
In view of their development they may be regarded as relicts of ice
dammed lakes. In the present-day L. Raigastvere late-glacial terri-
genous lacustrine sediments started to accumulate in the second hall
of the Ulder Dryas (DR2), Allerdd (AL) and Younger Dryas (OR3). T
water level of the late-glacial lake seemed to have been a bit hig-
her than at present and it may be related with certain reliability

to the development of abrasional scarp at an height of 3-4m
rked by a boulders belt.

above

the present water table. In places it is ma
High concentration of terrigenous component in the lowermost

deposits of the pollen zone PB may be accounted for by a considerab

which favoured the d
part of the troug

ly weak development of vegetation and soils,

velopment of erosion. In the swampy south-western

=109~
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Fig. 5. Containing of organic matter, calcite and terrigenous
compounds in the deposits of reference profile Raigastvere. Con-
ventional signs see on the Fig. 4.
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i i i usited in the Pollen
(Fig. 2, p. RII 6; Fig. 4) lacustrine lime dep

Zone PB and the lake

mnin ] the F e BO1. At t t the contact o lacustrine
g olle Zo a
g1

in

hereabout underwent paludification at the be-

lime and peat is 0.5 m lower than water level in present-day
These indications refer to lower water level than was observed
the above late-glacial lake, however, they do not allow to draw more
i ions.
pr861zen:Zn:i:: in the amount of terrigenous component at th? begin-
ning of the Pollen Zone BO1 (Fig. 5),break in the sedimantatlen :ze
gyttja up to the beginning of the AT1 (Fig. 2, p.9), as well as -
increase in the amount of 581 sediments shows that the lake water le
vel must have been a bit lower during the 801 and $81 D?llan z:nes;
Equally low content of terrigenous component in the sediments of pol-
len zones AT1 and S5A1 refers to a relatively high water level. .
The share of terrigenous matter rises abruptly in the sediments

A e in several
of the Pollen Zone 5A2 (p. Ry L, RI 1y R Gy RII 345); 1 oy

- 3 d
profiles it is distinctly marked by the occurrence of fine san -
ers and plant detritus. It cannot be explained only by the drop o
water level alone, but one has to consider here the man’s agricultu-

L. i LB
ral activities which have created favourable conditions for intensi
1i i t of terrigerieous
i i drumlin slopes as well as the inpu
soil erasion on >

i i srived from pollen finds of
matter by surface wash. Lbvidence is derive p i

Z 3 an increase
realea and weeds since the Pollen Zone SA1, and from an increa

the amount of herbs pollen in sediments.

Reference profile of Holocene sediments of Lake Raigastvere.

: the
The reference profile studied is located in the deepest part of
basin of L. Raigastvere, where the thickness of gyttja reaches 11.6m
) - . x t’

(Fig. 2). The depth of the water is 3.2 m. The description of the
profile is as follows: .

3.20-3.85 m dark greenish-brown clayey algal gyttja,

3.85-5.20 m greenish-grey clayey algal gyttja successively chan-

ging to dark brown,
5.20-8.20 m dark brown clayey algal gyttja. Upper boundary

dif-

fused,

8.20-11.70 m brownish-green clayey alyal gyttja successively
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changing to greenish-brown. Upper boundary diFFused,
11.70-14 .00 m lighter, brownish-green clayey calcareous gyttja
changing to lighter greenish-brown,
14.00-14.70 m  dark green clayey algal gyttja.Upper boundary dif-
fused,
14.70-14.80 m dark greyish-green gyttja-clay. Upper boundary dif-
fused.

At the depth of 13.0 & abundant detritus of subfossil molluscs,
at depths 3.85-4.(0 m, 6.5 m, 9.20-10.20 m, 10.80-10.90 m and 13.0-
%.0m it is of stattered distribution. Plant remains are rare,plant
detritus is found at the depth of 5.0-5.10 m.

Eollgn_sﬁrgtiggaghx. The local stratigraphical scheme of Esto-
nian Holocene mire and lake deposits (Kaax nu AP., 1976) serves as a
basis for subdividing the pollen diagram of L. Raigastvere. It seems
to be a justified approach in view of the central position of the
study area in Upper-Estonian for which the pollen-zone system has
been compiled. Pollen-zone boundary characteristics are relatively
well revealed in pollen diagrams compiled for L. Raigastvere and gt-
her reference sites in Saadjdrv drumlin field.

Pollen Zaone p8 (Betula 7zon e). On the ba-
sis of L. Raigastvere second pollen diagram (RI 4) and a pollen dia-
gram compiled for the stratotype profile of Estonian late-glacial
sediments located in Saadjérv drumlin field (Ilmppyec, 1969, 1971)
it may be stated that ip Raigastvere reference profile Pollen Zone
FB is completely represented. The lower buundary of the Pollen Zone
8 1s placed at the strong and rapid decrease of the content of the
pollen of herbs and Betula nana. The curve of tree pollen shows
a simultaneous increase. It is mainly Betula pubescens. Among herbs
Artemisia and Chenopodiacea frequencies are distinctly and rapidly
decreasing. In the P8 pollen zone Betula is dominating over Pinus,
reaching a maximum in the middle of the zone (89%). In the zone Pi-
nus frequency ranges from 10 to 22%. The representation of other
trees (Alnus, Ulmus) is uncomman and fragmentary. The pollen zone
tan be divided into three subzones: a)Betuls freguency is slightly
lower and that of Pinus higher than in the subzane PBb. The value of
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the sum of herbaceous plants is relatively high - 17-22%. The fre-
quency of Gramineae is 17-27%, Cyperaceae - 4-8%, Betula nana -

2-3%, Artemisia - 1-2%, Chenopodiaceae pollen is found regularly in
low frequencies. The representation of Salix is continuous (3-5%);
b) subzone is characterized by a Betula maximum and high values of
Betula reaching 86-89%. The frequency of herbaceous plants and Salix
decreases. The finds of Artemisia énd Chenopodiaceae are rare; c)
Hetula and herbaceous plants curves are falling. Their values form
78-83% and 8-10%, respectively. The Pinus curve shows a slight rise.
The zone boundary PB/B01 is fixed at the empiric limit of Ulmus and
slight, but distinct rise of the Pinus curve.

Pollen Zone B01 (Pinus Zone ). In this
diagram and in the others compiled for the reference area as a who-
le, the Pinus curve is rising and reaches its post-glacial culmina-
tion amounting to 37%. Nevertheless, Betula remains dominate consti- |
tuting 52-57%. Ulmus and Corylus frequencies increase towards the ‘
end of the zone, the empiric limit Qurylus and Alnus fall within

!

the zone. Salix is represented in low and constant values.
The zone boundary B01/B02 1is fixed at the rational limits of
Ulmus and Corylus. Characteristic is the empiric limit of Tilia.
Pollen Zone B02 (Corylus Zone).As be=-
fore, Betula dominates over Pinus, but its frequency decreases.The
Pinus curve shows a distinct fall at the lower boundary of this zone
and it continues towards the end of the zone. Among Juercetum mix-

tum constituents Ulmus forms about 15%. The Corylus curve is ri-

sing, and reaches 18%, being over 10% as an average. Considerable is

the fall of Corylus curve in the uppermost part of the zore.
Characteristic feature of the zone boundary is a distinct in-

crease of Ulmus and Alnus and decrease of Betula frequency.The Finus

Fig. 6. Pollen diagram of reference profile Raigastvere - R 1“3

(PB - AT2). Conventional signs: 1 - slightly compressed and compres-
sed gyttja; 2 - calcareous gyttja; 3 - clayey gyttja; & - silt1hand
clay and organic matter in these; 5 - water; 6 - samples for C
dating. 7 - Picea; 8 - Betula; 9 - Pinus; 10 - Alnus; 11 - Querce-
tum mixtum.

Fig. 7. Pollen diagram of reference profile Raigastvere - R 1“5
(AT2 - SA3). Conventional signs see on Fig. 6.
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curve continues to fall. The Corylus curve is rising.
Pollen Zone ATT (Ulmus

dominating only in the lower part of the zone. For the most part its

Z one). Betula is

frequency is about 25%. The representation of Pinus shows still a
slight decrease. (uercetum mixtum and Alnus are found in high frequen-
cies throughout the zone. Their amount range between 24-34 and 24-
33%, respectively. In the main part of the zone they are dominating.
The Quercetum mixtum constituents are still dominated by Ulmus,making
up 20%, sometimes even 26%. In the lower part of the zone the Tilia
curve is rising. At the same level the empiric Quercus limit is
found. Post-glacial culmination of Corylus can be established in the
middle part of the zone, reaching 20-26%. The Picea empiric limit is
found above the zone boundary.

The zone boundary AT1/AT2 is fixed with a distinct increase of
the share of Quercetum mixtum. The rational limit of (juercus is ob-
served. Fraxinus becomes regularly represented in very low values.

Pollen Zone AT2 (T.ilia Zone). In this
zone Quercetum mixtum and Alnus reach their post-glacial culmination,
amounting to 41 and 37%, respectively. They continue to dominate as
in the preceeding zone. Betula and Pinus frequencies are still
slightly decreasing. Among the Quercetum mixtum constituents Ulmus
is still dominating, reaching 28% in the middle of the zone. The rep-
resentation of Tilia rises, reaching 14%. The Quercetum frequency
increases, ranging from 5 to.10% during the zone. Fraxinus becomes
regularly represented in low freguencies. Single pollen grains of
Acer and Carpinus appear in this zone. Corylus is represented about
in the same or somewhat lower frequency than before. The Picea curve
shows smaller fluctuations and a very slight rise. The zone boundary
AT2/581 is fixed with a rather distinct decrease of (uercetum mixtum
(Ulmus, Tilia) and Corylus. The Quercus curve is rising.

Pollen Zone 581 Z one). Among
the Quercetum mixtum constituents Ulmus and Tilia curves are slowly
falling towards the upper part of the zone. The same may be said a-
bout Alnus and Corylus. (uercus reaches 15% and has its post-glacial
tulmination in this zone. The Picea frequency shows a slight increa-
se and amounts to 20% in the upper part of the zone. Fraxinus is

(Quercus
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found regularly in low frequency. The representation of pollen
grains of Carpinus and Acer are not frequent. Single pollen grains
of Fagus appear for the first time in the middle of this zone. '

' The zone boundary of SB1/5S82 is fixed with distinct increase of
Picea and contemporary decrease of all the components of (uercetum
mixtum constituents and Alnus.

Pollen Zone 582 (Lower
In this zone Picea has its first post-glacial culmination, reaching

Picea Zone).
40%. The peculiarity of the diagram of the Raigastvere reference
site and some others of Saadjdrv drumlin field reference area is the
decrease in the Picea frequency in the middle part of the zone, and
further new culmination. Contemporaneously with this Picea freguency
decreases, Betula starts to dominate and a slight increase of the
Alnus and Pinus frequencies is observed.

In the main part of the zone Picea is dominating, reaching 32-
40, Betula amounts to 16-24, Alnus - 14-19, {uercetum mixtum - 7-12
and Corylus - 3-6%. Fraxinus is represented regularly in very 1low
frequency. Pollen grains of Carpinus are frequent, Fagus and Acer
are rarer.

The zone boundary SB2/5A1 is fixed with distinct decrease of
Picea and increase of Betula fregquency.

Pollen Zone G5A1 (Pinus-8etula
Betula becomes dominating, reaching 35-40%. The representation of
Pinus shows a slight increase. Alnus has been established in the

Z one)

zone in about the same frequency as during the upper part of the pro-
ceeding zone. Quercetum mixtum and Corylus curves are falling. Only
Quercus is represented during the zone in the same amount as before,
The Picea curve is falling towards the uppermost part of the zone.
Carpinus is established regularly in very low amounts. Fagus, Acer
and Fraxinus are rare.

The zone boundary SA1/5A2 is fixed with distinct increase of
Picea and decrease of tetula and Alnus freguencies.

Pollen Zone SA2 (Upper Picea
In this zone Picea has the second pronounced maximum, reaching 38%.
Common amount ranges from 21 to 38%. In this diagram the zone is

compressed. The Pinus curve is rising in the upper part of the zone.

Z an e)

!
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The Betula and Alnus frequencies are decreasing and after the Picea
culmination show considerable increase. The Quercetum mixtum curve
is continuously falling. Ulmus and juercus are represented regular-
ly in low freguencies. Carpinus has been established regularly <1%.
There occur single finds of Fagus, Acer and Fraxinus.

The freguency of Gramineae increases slightly. Continuous Ce-
realea curve begins just above the lower boundary of the zone.

The zone boundary S5A2/5A3 is fixed with distinct decrease of
Picea frequency and a simultaneous increase of Betula and Alnus fre-
guencies.

Poellen Zone SA3 (Betula-Pinus Zone).
In the main part of the zone Betula is dominating. The Alnus curve
is rising. The Picea frequency decreases distinctly and ranges from
7 to 13% throughout the zome. Pinus content is rising. Ulmus and
[uercus are represented in amounts to 1-4%. Corylus content is regu-
lar, but very low. The Cerealea frequency (5-10%) is remarkable. The
curve of the herbs is rising. 1In lower part of the pollen zone
the herbs amount to 8 -11%, in uppermost part - to 13-23%.

Radipcarbon dates. Eleven 1“C datings have been performed on

the sediments from Raigastvere reference profile, ten of them on or-
yanic matter and one on carbonates (TA-1750, 98003200). The depth- of
the sample has been measured from the lake level. 1“C datings have

been carried out by A. Liiva (Department of Biogeochemistry of the

Institute of Zoology and Botany, Acad. Sci. E£stonian 5SR). The list

of the datings obtained is as follows (age /2 5568 B.P.):

1. Clayey algal gyttja L.10 - 4.20m

TA-1759 520870 Middle part SA3
2. Llayey algal gyttja 5.10 - 5.20m
TA-1758 1810280 Just above SA1/SA2

3. Clayey algal gyttja 6.10 - 6.20 m

TA-1757  3080%90 Just above 5B82/5A1
4. Clayey algal gyttja 7.10 - 7.20 m
TA-1756 3790260 A little above SB1/SB2
5. Clayey algal gyttja 8.10 - 8.20m
TA-1755 4400280 Lower part of the middle 581
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6. Clayey algal gyttja 9.10 - 9.20m

TA-1754  5350%80 Upper part AT2
7. Clayey algal gyttja 10.10 - 10.20 m
TA-1753 6310360 A little above AT1/AT2
8. Clayey algal gyttja 11.10 - 11.20 m
TA-1752 7230280 Middle part AT1
9. Calcareous gyttja 12.10 - 12.20 m
TA=1751 7750100  Just below BOZ2/AT1
10. Calcareous gyttja 12.60 - 12.70 m
TA-1749  8180%70 Middle part BOZ
11. Calcareous gyttja 12.60 - 12.70 m
TA-1750 9800120 Middle part 802

Carbonate tills are distributed within the boundaries of Saad-
jérv drumlin field. For this reason the input of calcareous matter
from the drainage area has been considerable throughout the Holocene

as a whole. In L. Raigastvere the concentration of carbonates is high |

only in the deposits of the pollen zones BO1 and BO2. In several la-
kes, including the shallow parts of L. Raigastvere it was mainly la-
custrine lime that accumulated at the beginning of the Holocene, and
therefore, the absolute ages obtained by 1“C method, especially for
the parts of the deposit with high carbonate content, should be taken
with certain precaution. Evident is the hard water effect on the age
98002120 (TA-1750) obtained for carbonates. This age is considerably
older than that of the Pollen Zone B0O2, into which the sample belongs
according to its pollen composition. More reliable seems the age of
organic matter from the same sample (8180%70, TA-1749). However, as
a whole, 1“C dates obtained are in good agreement with the pollen zo-
nes boundaries. One should only point out a bit older age obtained

within the boundaries of pollen zones S$B2, SA1 and SA2 (Fig. 7) in

comparison with the average ages of those pollen zones in local stra-l
tigraphic scheme ( Kask u Ap.,1976). It may be accounted for by the
input of older organic matter into the lake as a result of human im-
pact. The migration and changes in the distribution of FPicea are not
synchronous in the Estonian territory, as a whole. However, the boun-

daries of the pollen zones under consideration, are based just on the

changes in Picea freguency prevailingly.
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As here we have to do with a reference area, in the nearest fu-

Yo dates on peat,

ture the correlation of ages of pollen zones and
providing less sources of errors on radiocarbon dating, are of urgent
necessity.

Human impact. The pollen diagram compiled for Raigastvere refe-
rence profile shows the signs of the man’s early agricultural activi-
ties since the beginning of the Pollen Zone SA1. Single finds of Ce-
realea pollen throughout the whole pollen zone accompanied by a
slight rise of the herbs curve indicate to early slash and burn cul-
tivation. Artemisia is continuously represented in small amounts.Che-
nopodium album, Compoéitae, Plantago, Urtica, Onagraceae are repre-
sented. In the Pollen Zone SA2 Cerealea occur steadily in small a-
mounts, in the upper part of the zone herbs pollen makes up 9%, the
Gramineae curve is rising, and in SA1 the frequency of the above her-
baceous species increases. In the Pollen Zone SA3, especially in its
second half, the landscape has experienced considerable human impact.
The Cerealea curve shows a distinct rise, as well as the total curve
of Gramineae. The appearance of Centaurea , Plantago, Rumex, Composi-
tae is usual and composition of herbs pollen diverse.

In this connection it may be supposed that man inhabited these
areas already earlier and. the fall of the Picea curve in the middle
of the Pollen Zone SB2, observable in some pollen diagrams for this
region is also the result of human impact.

In order to get more open landscape the forest was burnt down
in places, and as a result Picea was temporarily replaced by Betula.

Peculiar features of the pollen zones of Saadjédrv drumlin field.

In addition to Raigastvere refarence site (Raigastvere reference
profile and Raigastvere RI 4) there are quite complete pollen dia-
grams for lacustrine sediments of lakes Soitsjérv (Pirrus, Réuk,
1979), Pikkjérv, Kuremaa, and Elistvere, Siniallika kettle-hole se-
diments on Laiuse drumlin (Muppyc w mp., 1987) and several earlier
pallen diagrams, e.g. for lakes Visusi (Iluppye, 1969, 1971), Kivi-
jérve (Truu jt., 1964) a.o. (Fig. 1) occurring within the boundaries
of Saadjérv drumlin field. On the basis of these pollen diagrams its
possible to point out some peculiar features of the pollen of Saad-
J8rv drumlin field with respect to the major part of Upper-Estunia,
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The criteria of pollen zones boundaries are in accordance with the
pollen zones boundaries of stratigraphical scheme of local Holocene
mire and lake sediments in the Estonian territory (Hasx u 1p.,1976).
Differences concern only the ratios of some trees. The main peculia-
rities observed in the pollen diagram of the reference area in the
drumlin field are as follows:
1) extremely low Pinus frequency in all the Holocene pollen zones;
2) in view of the above the pollen zones B01 and BO2 are dominated by
Betula, not by Pinus as in the most part of Upper-Lstonia.However,the
freguency of Pinus increases in those pollen zones, serving as a cri-
teria for the differentiation of the pollen zones BGO1 and 802; 3)
high concentration of Quercetum mixtum in the pollen zones AT1 and
AT2. It is about twice as much as in the vast majority of Upper-tsto-
nian pollen zones; 4) as a result, the amount of Quercetum mixtum is
relatively high in BO2 and 581 and also in S82 pollen zone.

These characteristic features of the development of vegetation
are accounted for by fertail soils in Saadjdrv drumlin field, varia-
bility of landscape elements, as well as peculiar relief and hydrolo-
giéal conditions.As a result the most Favourable conditions were crea-
ted for rapid migration of broad-leaved trees and formation of broad-
leaved forests, characteristic of the Atlantic climatic period.

Pollen diagrams of the drumlin field are most similar to those
for small lakes and bogs in the central part of Sakala and Pandivere
Uplands. It is guite natural, as Saadjérv drumlin field together with

those regions belongs to the same geobotanical region (Laasimer, 1965),

Bcademy of Sciences of the tstonian 5.5.R.,
Institute of Geology

Institute of History

Institute of Zoology and Botany
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TEOJIOI'MA ¥ CTPATHUI'PA¢HMS TUIIOBOI'O MECTOHAXOELEHMA O3EPA
PAJICACTBEPE B ITPEIEJAX CAALGSIPBCKOIO LPYMJIMHHOI'O IOJIA

P.0. Iuppyc, A.-M. Puyx, A.A. JuiiBa

Peapue

PaccuarpuBaercs reoxorudeckoe crpoenme /puc. 1-5/ u passu-
THEe TUWINOBOI'c MEeCTOHAXOENeHMS o3epa PajiracTsepe B npejesax JAaHA-
wadTHOro paiiona CaaAbAPBCKOrO ADYMJIMHHOI'O MOJAS. deCTOHAXOXIAEHUE
¥ palioE B UeJoM #BJIAONTCH BeChbM& MNOAXOLAUMMU IAA JLETaJbHOTO
cTpaTurpa¢uueckoro pacuJeHeHMs KOHTUHEHTRJIBHHX IOJOLEHOBHX OT=
JOXeHMit TeppurTopum ScToHMM /puc. 6-7/.

HoraoBura osepa PajiracTBepe k HacTodueMy BpeMeHM B 3HAUM-
TeXBHO! Mepe 3aNlOoJHEH&a O3€PHO-JEeNHUKOBHMM JEHTOUHHMM  DANHAMK
MOmHOCTBD 10 5,6 M, 3aTeM BHE NO paspesy CJAELYOT O3EpHHE Ieau-
TH U aJeBPUTH NO3AHEJENHMKOBOI'O BO3pacCTa ¥ CANpONEJM C NOBHUEH-
HHM COIEDXAHMEM TEepPUIeHHOI'O KOMIOHEHTA.MOWHOCTH MOCJAETHAX HOC—
Turaer II1,6 M.

Cnenuduueckue 4YEPTH palioHa BHPAXADTCH B OTHOCHTEJBHO HU3=
KOM COIEepESHUM IHJbLH COCHH BO BCEeX NAJIVHOSOHAX M B BHCOKOM CO-
LEepXeHMM OHABIH MMPOKOAMCTBEHHHX NOpok B naaumHosoHax AT I u AT
&£, a TaK¥e B NAJMHOBOHAX AU1  S5B1.

llpusHakm X03AHCTBEHHOV HEATEJBHOCTH UYeJOBeKa OOGHapPYyXEMBIOT-
CA B CIOPOBO-IIHJAbLLUEBHX CIHEKTpPax HAYUMHAA C NAJIMHOBOHH SA1,

AxaneMuss nHayk JcroHckoii CCP,
WNHCTHTYT reoJsorun,

WucTuryr uncropun,
VHCeTuTYT 300J0TUM K GOTPAWKKM
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ON THE DEVELUPMENT UF LAKE (MARJARV
(NE ESTONIA) IN THE HOULOCENE

J.-k. Punning, M.Ilomets, T.Kkoff, G. Paap,

R.Rajamie

The aim of our investigations based on the study of bottom sedi-
ments was to find out some regularities in the development of Lake
Umar jérv in the Holocenme. This enclosed lake, in which bottom deposits
with a thickness of up to 7 m started to accumulate in the Freboreal,
offers a good opportunity to investigate the changes in natural
conditions in NE Estonia during most of the Holocene. In this region
we have carried out long-term camplex investigations on bottom sedi-
ments of lakes with different types of feeding as well as on peat
deposits. The further aim is to find out the regularities governing
geochemical processes in natural and technogenic conditions.

The present paper deals with the results obtained through complex
investigations on lacustrine sediments, as well as on lake and bog
in the NE part of the
Estonian S5R, on the southern edge of Illuka kame field. This small

sediments surrounding the modern Lake Umar jérv

lake (with its surface area about 1,6 ha) lies in a deep kettle-hole
uf evidently glaciokarstic origin. The western shore of the lake bor-
ders on a steep-sided kame having an inclination similar to the ang-
le of natural sand deposits, the eastern shore is low and paludified.
At the present time the lake feeds upon ground water. Springs in
the western part are well observable. Isotope analyses have revealed
the similarity between the J-1BU values of lake water and those of
ground water all the year round (-11.2 - -11.5%) ( Baiixmsas u JP'e 5
1985). The water in the lake is clearly stratified with the exception
of autumn when total mixing of water takes place. This is most vivi-
dly expressed in the profiles of dissolved oxygen (Fig. 1) typical
of eutrophic lakes. The data ohtained show that oxygen-free conditions
prevail an the lake floor for most of the year, accounting for the

main regularities in balanced distribution of chemical elements in the



e ——

-125 =

water and bottom sediments. Oxygen-free conditions cause a change in | ropel (at places with clearly expressed microlamination). Microlami-

the redox potential (Eh), lead to the decrease in the degree of the
oxydation of metals and to the reduction of nitrates to ammonia and
nitrogen as well as sulphates to sulphides due to bacterial activity,
The latter process, leading to the decrease in nitrate and sulphate-
jons in the bottom water layers and to the rise in sulphide concent-
ration, was detected in Lake Omarjérv.
Nutrition on ground water together wi
HED; (up to 198 mg/1) cause a slightly alkaline (pH
action of water. Judging by the constant presence of lake lime in the
iments it can be assumed that the hydrochemical

th its high concentration of
= 7.6 - B841) rE~

column of bottom sed

conditions and pH of the water have not changed much during Holocene

time., This circumstance facilitates the interpretation of the data
about variations in chemical elements in bottom sediments.

On the lake floor Holocene deposits are represented by Fluviogla.

cial poorly sorted sands of various grain size and gravel overlain by

a thin layer of lake lime (up to 10 cm). The main bulk of sediments

(7 m thick) around site 1 has been formed by laminated calcareous sap

E
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Fig. 1. Changes in temperature (a), 3180 values (b) and amount ¢
dissolved oxygen (c) in connection with depth in Lake Omar jérv.
1 - 27.02.85; 2 - 15.05.855 3 - 04,07.85; 4 = 19.09.85.

nation, revealed by the alteration of dark and light interlayers is
| characterized by variable rhythm (from some mm to 20 mm). The colour
of sediments changes from black in the upper part of the section to
greenish-grey in the main part. Fragments of malacofauna were recor-
ded within some intervals.

The sediments on the western shore of the lake indicate frequent
and substantial fluctuations of water level in the lake (Figs. 2 and
3). The lower part of the section (3.91 - 6.45 m) is formed by sands
with thin interlayers of woody or woody-reed peat overlain (interval
3,82 = 3.917 m) by greenish-beige lake lime containing some mollusc
shells and covered (3.71 - 3.82 m) by a layer of calcareous sapropel.
ypon the sapropel (3.57 - 3.71 m) a layer of woody-reed peat has ac-
cumulated which, in its turn, is covered (3.28 - 3.57 m) by sapropel.
The latter is followed by a layer of peat (2.57 - 3.28 m) separated
from the underlying sapropel by an interlayer (3 cm) of grey sand. The
peat with sand interlayers abounds in wogd and reed remains with dif-
ferent decomposition degree (from 30 to 80 %).

Greenish-grey lime with fragments of malacofauna rests upon the
peat (interval 2.63 - 2.75 m), and is again followed by sapropel
(2,15 = 2.63 m) with interlayers of peat (2.22 - 2.32 m) and sand
(2,32 = 2.37 m). This complex provides evidence of abrupt changes in
sedimentation conditions and is covered by reed peat (0.00 - 2.15 m)
with pieces of wood and grains of sand in its lower part.

Site 3 is situated in the northern part of the lake about 15 m
from the shoreline (Fig. 3). 5.07-meter-thick lake and bog sediments
rest upon bluish-grey coarse-grained sands. The lower part of the sec-
tion (5.07 = 4.15 m) is formed by calcareous szpropel with interlayers
of plant remains in its upper part. An increase in the content of
plant remains (up to 20%) and lake lime is observed at the depth of
4,15 - 3.00 m, fragments of mollusc shells are present throughout the
complex. Higher up (3.00 - 2.92 m) lies an interlayer of moss with

wood remains which is covered by a complex of lake lime alternating

with sapropel rich in plant remains (2.92 - 1.64 m). Peat with frag-
ments of wood at the depth of 1.50 = 1.64 m is ouerlain by lake lime
with a high content (up to 50%) of plant remains (1.50 - 1.33 m) co-
vered by peat (1.33 - 0.00 m).
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3640230
5300250

i a - water; 2 - Phrag
Fig. 2. Cross-section A-A of Lake fmar jarv. 1 - water; 2
mites geat; 3 - Bryales peat; & = lake gyttja; 5 - lake marl; 6 =
sandy 7 - gravelj 8 - peat with sandy gravel interlayers.

36402 30 =

Fige 3. Cross-section B-B of Lake fmar jérv. For key to sediment
types see Fig. 2.
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Chronological scale for the section of bottom sediments (Site 1).

glaboration of a reliable age scale is an inevitable precondition for

palaeogeographical and geochemical reconstructions. For these purpo-
ses use was made of radiocarbon and pollen methods. Three 1“0 datings
were carried out on the samples from core 1 (Fig. 4). Extrapolation
of the datings on a straight line (considering the statistical error)
shows that the upper layers must have accumulated about 4 000 years
agoe. This can be explained neither by the absence of current sedi -
mentation nor by carrying away of already accumulated sediments.21DPb
investigations of the upper layer revealed that sedimentation has
taken place at least for the last hundred years. Taking into consi-
deration the lithological composition of the bottom sediments it be=-
comes evident that the 1%

C ages obtained are older than the real ones
due to the "hard water" effect. In order to estimate the value of this
offect detailed isotope and chemical analyses should be carried out.

Depth, m
61 1 I

o -1
x2

10T

nT

12T

13

L g g x10, yr, B.P

1L}Fig. 4, The depth-age relationships of sediments after
1) "'C dates; 2) palynological analysis. I - extrapolation after
pollen data, II - extrapolation after 14C data.
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3
Pollen analysis was applied to volumetric subsamples of 2 cm™.

Each sample was prepared by standard chemical procedures, including
acetolysis but excluding hydrofluoric acid. Tablets of Lycopodium
spores (Stockmarr, 1971) were used to determine the pollen concentra.
tion. f
Figures 5 and 6 present the pollen stratigraphy diagram and the |
pollen concentration diagram, correspondingly. The percentage lelen!
diagram is characterized by constant high percentage of the pollen qq
Betula (40-60%) and Pinus (about 20%). Against such high over-repre-
sentation of the percentage values of Betula and Finus the relative-

ly small changes in the percentage of other species, which would pro.

vide important information for stratigraphical reconstructinns, can
hardly be detected on the diagram (Fig. 5).
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Fig. 5. Pollen diagram and radiocarbon data for site 1 of Lake

fimar jérv. For key to sediment types see Fig. 2.
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In view of the above on stratifying the deposits of site 1 we

made use of an approach presented on the international sympasium

"Methods for the investigation of Lake Sediments:

‘ Palaeoecological
and Palaeoclimatological Aspects',

held in Vilnius in September, 1986

(Punning, 1986; Varvas et al., 1987). A column of organogenic depo-

sits from the raised bog of Liivjdrv, about 20 km northwards,

was
chosen as a type section.

The pollen data of the raised-bog peat

samples were subjected to principal components analysis and local

pollen assamblege zones (PAZ) were determined ( Oysnusr u np.,1985)
. g .
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Fig. 6. Pollen concentration diagram of site 1 of Lake Omar jérv.

The ages of separate local PAZ were fixed by the 1“8 method., The lo-
tal PAZ determined likewise in the section of Lake Omar jérv (0, ...0_)
are in good correlation with the local PAZ in the Liivjérv secgion,s
which enables their indirect comparison with the 1hC scale. Fig. &4
Presents the age data obtained by 1AC and pollen analyses. The data

show that variously obtained ages of separate layers differ from
1000 to 2000 years.

the C method and t
wards,

Taking into account the geochemical grounds aof
he fact that the porosity of sediments grows up-
the ages obtained by correlating palynozones are more plau-
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sible than the 1L'C datings (the extrapolation curve intersects the or-
dinate approximately at the contact point of water and sediments).
Essential changes must, evidently, have taken place in the process
of sedimentation about 5 500 B.P., the average sedimentation rate was

considerably higher than in the first half of the Holocene.

Chemical Composition of Bottom Sediments. Samples for determining

the concentration of carbon, nitrogen, hydrogen, Fezﬂj, Mn and some
heavy metals were taken throughout the section of bottom sediments
(site 1) of Lake Omarjarv (Fig. 7). The content of carbon, nitrogen
and hydrogen was determined at the Institute of Chemistry, Academy
of Sciences of the Estonian 5.5.R. by the method of elementary ana-
lysis, while heavy metals were analyzed at the Institute of Bioche-
mistry and Physiology of Microorganisms, Academy of Sciences of the
U.S5.5.R. (Puschino) by the method of atom-absorption spectrometry.
The results are shown on Fig. 7 where the data have been presented

relative to the weight of air-dried samples.
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Fig. 7. Content of selected elements in the sediments from
site 1 of Lake Omarjérv.

By the shape the distribution curves of C, N and H are rather si-
milar and reflect changes in the organic matter (OM) content in the
column of bottom sediments. The OM content is rather constant and re-
latively low from the basal layers of the column to the depth of 9.75m
with the exception of the depth interval 11.8 = 11.2 m where some in-
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crease in the concentration of carbon from 12 to 18% can be noticed.
The most remarkable increase starts at the depth of 9.75 m. Constant-
1y high concentration of cgrbon (20% on the average) is observed to
the depth of 8.6 m with its maximum at the depth of 9.1 m. This comp-
lex of sediments has accumulated in the time interval of 4 200 - 3 00O
B.P. Upwards the column the concentration of carbon diminishes and has
an average value of about 15 - 17%. This part of the column has two
sharp decreases in the concentration of carbon, which took place about
3 000 and 2 300 B.P.

The distribution peculiarities of the content of C, N and H allow
to assume that the rate of bioproduction in the lake during the first
half of the Holocene (up to &4 500 B.P.) was the lowest and rathei BVEN,
The production increased in the end of the Atlantic climatic stage,
then reduced again with sharp changes becoming characteristic.

Much more difficult is to elucidate regularities in the distribu-
tion of iron, manganese and the microelements under consideration.
Their concentrations fluctuate with an amplitude of 100% and more
(with the exception of Cu). There is nc perceptible correlation with
the content of carbon which indicates that OM is not the main agent
affzcting the concentration of the analyzed elements. Consequently,
the concentration of elements is determined by the dynamics of slope
erosion and input of elements into the lake, dissolution of input
matter, the processes related to metals concentration in bottom sedi-
ments and their removal from the deposits depending on the changes in
physical and chemical conditions at the contact of water - bottom se-
diments, i.e. it is associated with the history of the lake,

The redox-potential and pH serve as the main physical and chemi-
cal conditions determining the balance between the accumulation and
the removal of separate elements. Considering the nutrition type of
Lake Omarjérv and the presence of carbonates throughout the column
of bottom sediments, it can be assumed that the pH value of the lake
uater exceeded 7 during the whole of the Holocene, and, at some sta-
ges it reached even 9-10, with neutral-slightly alkaline conditions
being predominant. Most remarkable were the changes in the redox con-

ditions. Substantial fluctuations in the content of F9203 serve as

the most vivid proof of this. High F2203 concentration may be accoun=-
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ted for by better aeration conditions. Evidence is derived from the
distribution of Mn in bottom sediments as well. In the bottom layers
aeration (i.e. oxydation potential) was relatively high about 8 000,

4 500, 3 500 B.P, As at that time the OM content was relatively lou,
oligotrophic nutrition should have prevailed in those periods, As
known, the hydroxides of iron and manganese possess the guality to ab-
sorb microelements from the water. In the anmalyzed column only the
concentration of Ni is in popsitive correlation with those of Fe203

and Mn,
From pther elements analyzed Co, Hg, Cd and Pb revealed the most

remarkable fluctuations in concentration. These are the typical indi-
‘cators of lithophile erosion, bowever, the data obtained are too few
for any definite conclusion, It may be of importance to point out that
quite remarkable fluctuations in the accumulation of these elements
have also taken place in the pre-industrial (so-called background va-
lues) time, The most favourable conditions for the accumulation of the
above elements in bottom sediments probably excisted about 8 500 -

& 000, 7 DOG, 2 500 and 1 500 G.P.

The Development of Lake Omarjéirv. The data obtained enable us to
reconstruct the development of Lake fmarjirv in the Holocene. Sedi-
mentation in the kettle-hole started at the very end of the Preboreal
-~ at the beginning of the Boreal climatic period with the formation
of a thin layer of lake lime immediately on the coarse-grained sand
and gravel, At that time the water level was evidently rather low,
witnessing an abrupt rise to the level of ~9 - <10 m relative to the
current one in the middle of the Boreal (Fig. 8). This is revealed by
increesed concentrations of Co, Hg, Cd and Pb in the samples of bot-
tom sediments which bave accumulafed about 8 000 B.F., but alsoc by
improvement of aeration leading to the deposition of Fe203 and Mn in
the sediments. The next sharp rise in water level occurred during the
time interval of 7 500 - 7 000 B.P., s a result of which water rea-
ched the level of about -7 m with respect to the present one. The At=-
lantic climatic period is characterized by a constant rise in the water
level of the lake. It should be pointed out that against this back-
ground some periods of stabilization and even regression of the water

- 133 =
level occurred. This is best reflected by the changes in accumula-
tion on the western shore of the lake where layers of sand and gra-
vel interchange with those containing remains of wood or with inter~
layers of peat at the depths from 7 to 5 m (site 2). This provides
evidences of considerable slope erosion, which is possible only in
case of unstable water level. The rate of sedimentation in the lake

increases, and OM content reaches its highest value.
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Fig. 8. Time related rising-up dynamics of water-level in Lake
Omar j&rv., '

At the end of the Atlantic climatic period Lake Omarjirv became
united with lake PikkjArv situated to the north of it as the water
level reached -5 - -4 m. The elevated part between the two lakes must
have been rather shallow-watered and so accumulation of lake lime (si=
te 3) with abundant plant remains (up to 20%) started due to evapora-
tion and photosynthesis.

Beginning from the Subboreal period the histery of the lake can
be reconstructed on the basis of the data obtained by studying the
sediments from site 3. Interlayers of peat embedded in sediments,
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about 4 000 - 3 000 years in age are related to the periods of sta-
bilized water level. About 3 000 B.P. OM content decreased abruptly,
the concentrations of Fezﬂ3 and Mn increased, speaking of a sharp
rise in water level accompanied by erosion and improved aeration.
Just at that time the area of the lake enlarged remarkably and lake
lime started to accumulate on a wide strip around the modern lake.
The water level seems to have been close to the present-day one or
even to surpass it.

About 2 500 B.P. the water level in the lake sank as much as to
separate Lake Omarjdrv finally from Lake Pikkjérv. The lakes remai-
ned connected only by a narrow stream. From that time on the rate of
the water level rise obviously does not exceed that of the accumula-
tion of reed peat in the inshore area. An insignificant rise in wa-
ter level took place during the last millennium, as indicated by a
lower degree of decomposition of the peat. Simultaneously fluctuati-
ons in the concentrations of chemical elements appeared in bottom
sediments. However, interpretation of those changes is rather comp-
licated, as the shores of the lake have been paludified for the last
thousand years and OM might have been of certain influence on trans-
formation of chemical compounds. Constant rise in the Hg and especi-
ally Pb concentrations in the upper layers of bottom sediments may
already be a sign of technogenous influence.

The complex investigation of Lake Omarjirv has made it possible
to reconstruct the water level fluctuations in the kettle-hole (Fig,.
8). Considerable rise in the water level seems to serve as the main
natural factor determining the character and rate of sedimentation
as well as the distribution peculiarities of chemical elements in
sediments.

Academy of Sciences of the Esto-
nian S5.5.R., Institute of Geology
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Pespue

B craThe MpMBOLATCH NAHHHE KOMILIEKCHOIO MBYYEHUS NOHHHX OT-
noxenut osepa uMapwsaps B CeBepo-BocTouHoil dcTouMu. MsoTomHme me-
J€NOBAHMA NOKASHBADT, WTO M3-38 MHOXECTBA DPOLHMKOB BOJOOGMEH B
03€pe NPOMCXOINMT OHCTPO. B TeueHuu Goawwmed uacTu roxza Ha JHe 08-
€pa CymecTBYDT GECKHMCJAOPOIHHE YCJIOBUS, UTO CHUEEET CTENEHE OKMC~-
ACHNS METAJJOB ¥ BHBHBAET BHIEJEHUE ceposozgopona ( puc. 1),

. Jag crpaTupukanum oTaomemmi GHAK MCOOJB80BAHH DaIUOYyIJaepos-
Hag U CHOpPOBO-NHABLEBAS MeTOIH. J3-3a adpexra "wecTko#t Boxu" I4c
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BOSpacTa fBHO yAPEBHEHH, M BOSPACTHAA WKAaJa onupaeTcs HA CIOPOBO-
-OHJBUEBHE JAHHHE, HA OCHOBE KOTODHX BHZCJEHH ao?:abaxe KOMIIJIE Ke—
HHe OMOBOHH (JKB) xoropwe OHWJM KOPPEJAMPOBEHH C C meTomoM HaTu-
popanuuMn JKE BHASNCHHHMM DO paspesy TOpQAHHX OTJOXEHMt HAa OJaM3-
HaxonsmeM 60J0Te.

PacnpeneseHue HEKOTODHX Ma&KPO- M MHKDOQJEMEHTOB B paspese
LOHHHX OTJIOXSHMI (puc. 7) moxaswsapT, 4TO OKMCANTEABHHE NOTEHUMAJ
B NPUPOLHHX CJOAX OHJ OTHOCKHTENBHO BHCOKMM OKoxo 8 000, 4 500 ,
3 500-3 000 aeT nasax. Vs-se MHTEHCUBHOA SPOBUH nocTynaeHue JUTO=
$uabHuX daementoB (Co, Hg, Cu, Pb) OHAO HAUBHCIMM OXOXO 8 500-
-8 000, 7 500, 2 500 xer Hasex. B pesyabTaTe KOMINJIEKCHHX MCCAEZO=
panMii PEKOHCTPYMPOBAH XOX xosebauus YPOBHS BOXH B KOTJOBUHE

( puc. 8),

Axanemus mayx Scrtomckoi CCP,
HuCTHTYT IeOJOTrHH
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AN OUTLINE OF WATER-LEVEL CHANGES IN SMALL ESTONIAN LAKES

L. Saarse

Introduction. The geological literature abounds in papers on
the Holocene climatic fluctuations. L. Starkel (1984) has substanti-
ated a cooling at the beginning of the Younger Oryas, a warming at
the Late Glacial/Holocene boundary, a rise in precipitation and a
probable cooling at the Boreal/Atlantic, Atlantic/Subboreal and Sub-
poreal/Subatlantic breaks during 10,900-10,600, 10,300-10,000, 8500-
8000, 5000-4500, 2800-2400 B.P., and in the XVII - XIX centuries,
correspondingly,On the basis of palynological data V. Klimanov (Hau-
maHoB, 1986) has presumed cooler periods in 10,500, 9500, 8200,
7300, 6400, 5100, 4500, 3600, 3100, 2500, 1500, 1200, 700, 500 and
100 8.P., warmer ones in 10,000, 8500, %600, 7150, 5500, 5000, 3800,
3500, 2700, 2000, 1300, 1000, 600, 300 and 150 H3.P.

The climatic changes are reflected in the lithological composi-
tion of bottom deposits of lakes, in the alternation of diatom and
molluscs assemblages, in the vegetational succession and water-level
changes. The aim of this paper is to elucidate water-level fluctua-
tions in small Estonian lakes on the basis of the levelling of ter=-
races, as well as on lithological, micro- and macrofossils data.

Material and discussion. Amang small lakes of Estonia, 1150 in

number, more than 70% are of glacial origin. Due to the ice recession
and the end of different glacial processes (glaciokarst, exaration,
accumulation, erosion, etc.) they were formed at different time of
the Late Glacial and Holocene, mainly between 12,200-8000 years H.P.
The lakes of other origin (karst, oxbow, bog-pools, coastal, artifi-
cial, meteoritic) came into being later, e.g. coastal lakes - in the
Holocene, after the transgression of the Yoldia Sea about 9300 B.P.,
the meteoritic lake Kaali - 3500 B.P. (Kessel, 1981), artificial la-
kes - mostly in the last and present centuries.

The typical glacial lakes are located in Upper tcstonia, in the

Lake.

region which wasn’t submerged by the waters of the Baltic Ice




-138=
In South tstonia there are about 150 hollows in the glacial relief
occupied by lakes on the Otep&a Heights, 175 - on the Haanja Heights
and 100 - on the Sakala Uplands. The large lakes (Hino, Pulli, Kiri-
kum#de, Plhajérv, Pangodi) were formed in glaciodepressions, which
during the Older Dryas were filled in with ice-marginal lakes. After
the recession of the ice and lowering of the water level they turned
into isolated water bodies. Small glaciokarst lakes (Kurgjédrv, Vdin-
jérv, Méhe, Pdidla) between the hills and hummocks of insular heights
were formed at different time of the late- and postglacial.

According to the macrofossil data from the littoral zone of
the present-day and overgrown lakes, the water-level in South-Esto-
nian lakes was extremely low about 8000 B.P. and the highest in the
Late Atlantic period, with a tendency of lowering at the beginning
of the Early Subatlantic and rising between 2700-2400 and 1100-1000
B.P. (Ilves, Maemats, 1987; [lyHEMHI ® 4p., 1985). These data are in
good accordance with the molluscs analyses and the age of peat lay-
ers, interbedded in lacustrine lime (Mausrasb, 1964, 1967),which al-
so refers to the relatively low water-level in the Early Boreal and
Early Atlantic periods.According to the degree of humification of peat
accumulated in kettle-holes, M. Ilomets concluded, that there was
high water-level about S000-8200, 7500-7000, 6500-5500, 3200-1500
B.P. and relatively low in 8200-7500, 7000-6500, 3500-3200,and since
1500 B.P.

Drainags valley lakes on the Sakala Uplands are elongated, lo-
cated in the depressions of ancient valleys. Their floor is uneven,
sediment composition heterogenous. Subfossil molluscs from bottom
of the present-day and overgrown lakes Pdidre, Polli and
indicate the low water-level in the Early Preboreal with g
tendency to rise in the Middle Preboreal and sink again at the end
of the Freboreal. In some lakes it stayed low also during the Early

Boreal, as is evidenced by the abundance of shallow-water molluscs
Hippeutis

deposits
Pirmastu

Physa fontinalis, Planorbis planorbis, Armiger crista,
complanatus, etc. ( MaHHuMABb, 1964). The occurrence of lacustrine li-
me in the profundal part of L. Véistre, at the depth where calcare-
ous deposits are commonly absent,refers to low water-level in the se-
cond half of the Boreal and in the first half of the Atlantic as well
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0~ and biostratigraphy, vegetational succession and lake
development have been studied in detai)

Lith

jérv drumlin field (Pirrus, Réuk, 1979; Pirrus et al., 1987) The

tudi - i
studles on water-level changes are in Progress. Some evidence such

t rrac tr T i ir f tt i-
as the heig t o tarra es, ansgressive bedd g o0 gy ja compaos
)
tion of macrofossil remnants and litholngical compositior of bottom

deposits indicate,that water-level uwas higher during the Allersd
od,

€ periods, lower - durin
the tarly Boreal, Subboreal and in the middle of the Subatlanti ’
- s c
periods (Pirrus et al., 1987). The lake basins themselves were for
med about 12,200-12,400 years d.P. after the Otepdd stage
A

first half of the Atlantic and Subatlanti

. . contempo-
raneously with the formation of the drumlin field. Their separate
development started later, at the end of the Ulder Dryas, when the

,

local proglacial lake drained and its water-level dropped.
North-tstonian lakes are of various origin. There are g lot of
glaciokarst lakes in kame fields and eskérs, glacial lakes Fnrmez
due to the irregularities of glacial drift, residual and accumula-
tive coastal lakes, which diatam assemblage, molluscs fauna and 1
ke development have been subjected to relatively profound studie -
On the basis of lithOStratigraphical, geomorphological and binsts-
tigraphical data it was elucidated that water-level changes amou::-d
to & m in the lakes of Illuka kame field (Saarse, 1987). It sta :
low at the beginning and end of the Preboreal, in the first halfyef
the Boreal and Atlantic and on the boundary of the Subboreal/Sub :
lantic periods, being high in the middle of the Preboreal and inat;
late Atlantic (Saarse, 1987). According to J.-M. Punning et al :
(1987) in L. Omar j&rv (south from Illuka kame field) water—;evel
rose about 8000 H.P. and stayed high throughout the whole Atlantic
From several lakes of the Pandivere Uplands, with calcareous .
sedimentation prevailing throughout the tarly and Middle Holocene
we have plenty information about subfossil molluscs (Mannil 196;)
which show a low water-level in the first half of the Prebo;sal D ‘
ring this time the number of shallow water species was high.In ;a:;

lake - f n - from th nn f
S water-level stayed low for a lo g time ro e begi ing o
the ’h nd half of th n‘ h h
Boreal up to the seco d half of t e bL.IDtIDI‘Eal, in the ot Brs a
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remarkable lowering of water-level took place in the Horeal, the
first half of the Atlantic and Subboreal and at the end of the Sub-~

boreal with a noticeable rise during the second half of the Atlantig |

and on the boundary of the Early and Late Subboreal periods.. There

are lakes with only one deepwater phase in the middle of the Boreal
(M&nnil, 1961). Several fluctuations mentioned above are of local
importance, caused mainly by the changes in feeding conditions.
Coastal lakes in north-western Estonia and on the islands have
come into existence where rising land has cut off an arm of the sea.
Of coastal lakes, subjected to studies, the oldest is L. Kahala
which became isolated from the Joldia Sea at the end of the Prebo-
real (Heccea u 4p., 1982). According to the bedding conditions, ra-
diocarbon data (8595275, TA-59, #abBec u ap., 1974) and pollen
spectra of peat, buried under a coastal bar, the water-level after
the transgression of the Ancylus Lake in L. Kahala was 5 m lower

than in the present-day lake. It gradually rose, but stayed relati-
The sharp transfor-

took
or-

vely low up to the second half of the Atlantic.
mation of sedimentation and composition of the diatom spectra

piace in the Late Atlantic period, when the sediments with high
ganic matter content (50-70%) started to accumulate. It denotes the
deepening of sedimentational basin. The altitude of the foot of the

bar, buried under peat shows that water-level was 2 m lower in com-

parison with the present-day L. Kahala level.
L. Olemiste, located on the terrace of the Ancylus Lake, becam
before 8300 B.P., as the organic deposits

isolated from the Baltic
I1-

(peaty gyttja) contact with sand was dated to 8300%90 (TA-691,
ves, 1980). Water-level fluctuations in L. Olemiste are in good ac-
cordance with those of glacial lakes. Extremely low water-level in

Ulemiste basin was fixed in the Early Horeal - 8 m lower than that
in the present-day lake. The lake was shallow, its depth did not ex
ceed 0.5-1 m, and overgrown with Drepanocladus fluitans, 0D. lycope
dioides, Scorpidium scorpiocides, Sphagnum fimbriatum, etc. However
this is contradicted by the abundance (more than 50%) of planktonic
diatoms, mainly on account of Melosira ambiqua and Tabellaria fenes

trata. Since the end of B01 up to the AT2, when calcareous-rich
by

gyttja deposited, the share of planktonic diatoms, dominated
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bottom diatoms (70%) , rapidly decreased.

All this evidence
low water-level in (lemiste basin. y .

Against the;backgruund of low le-

data. The transgressive phases are
the beginning of AT and 582 and in

noticeable at the end of B01, at
. the middle of sH4
periods the species and number of diatomsg were high wit

Ouring these
: h rapid i
crease of : o
planktonic Ones, among which Melosira ambiqua, Cyclotell
mt . i , .
comta, etc. prevailed. The water-level started to sink again at th
e

end of the Subboreal.

Lak
es studied on the neutectunically active West-tstonign coasf

n the ]
fa} 1 tEI‘I‘aCES of the Haltic are loca ted an the ainland as well v
as

on the archipelago. In these lakes (Karu jéry
) )

Siplase, Kasesoo, Jsp-

vesoo, Ermistu) the sedimentation of organogen

rine deposits hegan not earlier than in Bgq ( JZiix:;:ca:::;? e
lithostratigraphy ang mollusca of the overgrown lakes,Jéem - HI:E
konna, Kasesoo, Jdrvesoo and Siplase denote that all thEsepZ' i o
located above the highest Ancylus Lake shere displacement uZSInS’
ring the Early Haoreal shallow Swampy hollows with low uate‘r—lre "
the end of the BO1 the water-level rose remarkahbly and lacust:ZS:.At

lime with deepwater molluscs (Pisidium nitidum, Bithynia tent
. entacula-
Radix peregra, etc.) accumulated ( MﬂHHHﬂb, 1963). Water-level
% s _ R =l
sank again in the tarly Atlantic and rose in the Late Atlantic

Diatom spectra, in particular the increase of the

ta,

‘ share of plan-
i . plan
tonic species in the beds of |. Karujsrv refer tog smaller water-le

vel fluctuations in the Subboreal andg Subatlantic

The 2 "
overgrown L. Kdivasoo on Hiiumaa Island is alsa profoundly

st i
udied (Sarv et al., 1982). Diatom analyses allowed to distinguish

three stages in the development of the ancient Kdivasoo water body:

5 s
relatively deep lagoon of Ancylus Lake with Characteristic plank

ompl ( .
and a subsp a
tor ‘C mplex Vlelusna iglandic sub hevs tic and thPHBHDdlSCUS

relatively shalloy halotrophic coastal lake in the Late

Bor i i
oreal with halophilous and boreoalpine freshuater species 1
i al-

kalitraphig shallow coastal lake in the tarly Atlantic

and
\ : ' Afterwards
in i

this basin the lacustrine conditions disappearad and the
1982).

L. Ta 5 .
anavjarv in the north-western part of the mainland was isg
so-

ancient
lake was completely overgrown (Sarv et al
L ]
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1ated from the Baltic about 5300 B8.F.
icate marine and brackish-
The overlying g

Diatoms from the bottommost
water conditions with the

sand and silt ind
yttja with shallow=
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dominance of bottom-1living forms.
water species (Fragilaria, Navicula, pinnularia, Cymbella) prevail-
ing, is the indicator of low-uwater conditions since the Subboreal. " gutg sl central P L North East | ° !
Conclusions. From the above follows that the data on water-le- E:ﬂ 9'; § ?5 § ii % : .l
vel changes in the small Estonian lakes are both scanty and contra- a Eg 3 gg 3z ;— '_: b el o ". - ) % .—: :EE
dictory. 1t was found out that not all the small lakes provide a o § ;ﬁ wﬁ :‘3“_. Cl E’é g: géx‘_’ ‘?S "o_‘% g o2 2 E : 3‘3
good basis for the solving of the problem of water-level fluctuation. 2 g ﬁu;:gg 343 ‘2,_.‘ Pl *E: E,—T §.—T m_{.ié‘; EF_ '_. ': LB E] E:: ,:g ]\
In particular it cOncers the small glaciokarst lakes which were for- é 5 ?EE? = E ég §§ £§ E"é:;o'"&‘ Elé gnégg . :?DE EE gr-g‘ % .."Ej P 155 {85
med in Boreal time. The deepening of these basins within the above- B 1A 0P 2R &8 2 RA &3&,:5 g2 '§§ 'Erggé 5’5’5;& E :'% ﬁ §§ %:E
mentioned time interval was not due to water-level rise, but to the SA3 : el
final thawing of puried ice blocks. HOwever, the solving of the prob- 000, T |
lem concerning the formation of glaciokarst lakes during Boreal time SA2 'L i ! 4 ?
in our region insists upon some mare momentous pieces of evidence pooo "l‘ : ’ :
than those we have at present. The most reliable and complete data i BIE | ! ’(‘ f l I P
on water-level changes related to the climatic fluctuations, can be 3000'532 vl ; i 7 7 ¥ 4 ;
obtained through the study of exaration—accumulation lakes of Saad- Lo00 T A L ‘: 1‘ ¢
jarv drumlin field and glacindepressiunal 1akes of insular heights _SB1 | | T 4
(Pangodi, pulli, Pahajarv, kirikumée, etc.). As for the other genetic 50001;* | \|’ l J/ L , ’r Jr
types of lakes (karst, fluvial, coastal, etc.) the influence of 1lo- T 4 ]
cal factors sometimes shelters the main tendency of water-level chan- ko0 AT2 ] : A : A II\ %
ges completely. . | i ,; /, I . i I T ]
However, on the basis of obtained data it may be concluded that [7000 - i | | /; | l : ] : i 1 !
in our lakes the water-level was low at the beginning and end of . j, l T | [ i | l : ! : L : l
the Preboreal, in the first half of the doreal and Atlantic, with a 0 BT ¥ 1 Alc; ! % '{ v i | | ! N
tendency to rise in the mid-Preboreal and in the Late Atlantic. The 561 ‘ . T :? v ; ) ,‘;"’*
data on the Late Boreal are contradictory. buring 802 water-level wae §000 Ll T [ ! l | v v
extremely low in the 5outh-tEstonian glacial lakes, but rather high in PR vy . 1" T g 7 l L | l )
the lakes of baaremaa Island. In the subboreal, due ta the dry clime- (2% l vy ; | x i X
te, the water-level dropped again and the lakes turned into shallu’ﬁ: B ‘ : Y | v
basins. In the mid-Subboreal water-level TOSE, being also rather high | 1 12
at the beginning and in the mid-Subatlantic (Fig.). These are only Fig. iabe l‘y
. r-level changes in small Estonian lakes. Legend: 1 - high

general trends not traceable in all the lakes studied.

the most

water-level; 2 - low water-level,
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J.A. Caapce
Peswome

Ha oCHOBE MMKpPO—- X MaxpodoCCUIBHOrO anpaamusa, MO COCTaBY

NOHHHX OTJOXeHuit u ¢parMeHTaMm Teppac 3aKJD4Y8ETCH,
Gosee BHCOKN/ yDPOBEHb B U3yUYEHHHX OBEpax TIPUZE DKM
BO BTOpOil TONOBHWE ATJAHTUYECKOTO, B cepe=-
y6aTIgHTHUECKOTO

yTO Han-
BaJjicd B cCe-

penuHe npedopeaa,
nuHe cy66opeaJsbHOro n B Hauane u cepenmHe C
TeuneHUMA [OHUXEHUS YPOBHS BoOb Hab-
paHHem OopeaJje u aTJ/]aH=-

KAUMaTNYE CKUX nepunonoB.

JpaaJach B Hauase u KOHUE npeb6opeana,
TukM w B Hauaze cyobopeaia. NrMeuenHHEe TEHASHUMU HE YJIOBUMHE

Bo BCex oaepax. Hampuuep, B MO3IHEM Gopeane B 03epax xHO M

BHCO~
JceToHnM Habawgaxcs HU3KNit, & B 03epax ocrposa Caapemaa

Kmii ypOBEHb BOMH«
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MHCTUTYT I'€oJoruu
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ON THE EFFECT OF HUMAN ECONOMIC ACTIVITIES ON ESTONIAN
LAKE ECOSYSTEMS

A. Raukas, A.-M. RAuk

As a result of impetuous scientific and technical progress, in-
tensification of agricultural and industrial production and rapid
growth of the population the nature is being subjected to an  ever
growing human impact. It is especially distinctly revealed in the de-
velopment of inner water bodies. Estonia is a highly developed agro-
industrial republic where the lake ecosystems have experienced the
gffect of man’s economic activities since long.

The Estonian territory has been inhabited for over 9000 vyears.
The first inhabitants came here about 9500 years B.P. The remains
of the oldest settlement have been found at Pulli (9575%115 B.P.)
within the lower reaches of the P&rnu River near the town of Sindi.
These were tribes of hunters and fishers who left no remarkable tra-
ces on the landscape development in a sparsely populated territory.
Although in Estonia the beginning of primitive land tillage dates
back to the Late Stone Age, it was of negligible influence on the na-
ture. The interrelations between the nature and man changed substan-
tially at the beginning of the Bronze Age, about 1500 years B,C, ,when
land cultivation gained in importance alongside of hunting and fish-
ing. It seems to be just the period that the pollen of weeds and cul-
tivated plants buried in lake and bog deposits originate from. Occae-
sional pollen grains and lots of various tools embedded in lake depo-
sits are evidently related to earlier periods. Lake deposits near
kunda have proved especially rich in the tools of ancient man whith
have yielded the age of 8500 years (Jaanits et al., 1982).

Land cultivation began to dominate in the life of ancient man at
the beginning of the Early Iron Age about 600 years B.C. Since that
man has inflicted incurable wounds on the nature. This is revealed
everywhere, but first of all in the devastation of forests which

brought about intensification of soil erosion and eolian processes,
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etc. By 1887 the woodedness of the former Estonian praovince had de-
creased to 19.8% (in the Estonian SSR in 1977 it amounted to 37.9%,
in 1986 - 40.1%)-

Early evidence of draining lake shores and swamps by means of
ditches dates from 14th-15th centuries. For supplying Tallinn with
water a tkm-long channel was built from Lake flemiste (from the
start of the former H&rjapea River) to Viru Gate already in 1345.An-
other channel, 1.5 km in length, connected the town with the sea
(veering, 1986).

Large-scale drainage performed in the republic in the recent
decade with regard to dry and droughty years, has brought about a
considerable decrease of the water table in lakes and flow depletion
in small rivers and springs with drying up here and there within the
low water period. During the last five years about 30,000-40,000 ha
of agricultural land and 15,000-20,000 ha of forests have been im-
proved annually. By 1983 about one million ha of land had been drai-
ned (Aruja, 1983). At the present time the rate of land improvement
has slowed down; during 1981-1985 only 88,700 ha of land underwent
drainage. To avoid damage caused by drought, springs, river chan-
nels, ponds and shallow reservoirs serving simultaneously as storage
units for sprinkling and two-sided regulation of water regime, are
backed up by retention dams. puring 1981-1985 about 2,100 ha of ir-
rigational lands was taken into use. A large-scale construction of
dams and regulators with spills and drops concurrently promotes wa-
ter aeration and surface-water self-purification. In the republic
the water table of 300 lakes (out of 1500) is regulatable. About
150 water reservoirs, making up 1.5% of the Estonian territory have
been founded (Aruja, 1983).

A large variety of waste waters, detergents, and bipogenic com-
pounds of agricultural origin, including toxic substances, find
their way from the catchment area into Estonian lakes due to the
growth of population and expansion of industrial and agricultural
enterprises. Major hog-raising factories produce great amounts of
ligquid manure whose proper utilization is still a problem. So far it
is not possible to dispense with an aerial spraying of fertilizers

on snow-bound fields and to give up field fertilization in uwinter
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conditions, though up to 80% of biogenic substances are knaown to b
washed off in spring into water bodies, thereby causing th :
tion and eutrophication. g T et

In tstonian lakes the acidity of water is abruptly rising and
water quality uqrsening. It leads to the decline or complete disap-
pearance. of the populations of valuable commercial fish. At the :e-
sent time the vast majority of Estonian lakes are highly sutroph?ca-
ted or have entered the final stage of overgrowing.

Typological analysis carried out by A. Maemets (1977) indicate
that most of the Estonian lakes (36.6%) are either dyseutrophic or
eutrophic (36.4%). The former represent the final stage of lake deve-
lopment, while the latter together with alkalitrophic and dystrophic
lakes belong to its middle stage. Thus, at present about 37% of the
republic’s lakes with regard to their stage of evolution have become
old, whereas nearly 50% have reached the middle age. In view of the
above, purposeful renovation of old lakes has begun, since the cons-
truction of artificial lakes, meeting all the requirements, would be
much more expensive than conservation of natural lakes.

Protection of waters against depletion, pollution and anthropo-
genic eutrophication is performed by restricting the land drainage
and taking into use two-sided regulation of the water regime;of great
importance are the construction of more efficient waste-water purifi-
cation installations (about 900 of them are in operation now), remo-
val of sapropels from lake basins for agricultural a.o. purposes,
raising of water level in some lakes, planting of special forests for
uvater conservation purposes, introduction of complete or partial pro-
hibition regime.

The renovation of lakes has become a topical problem which calls
for urgent but scientifically grounded and economically reasonable
solution. In view of this, traditional study methods and research
trends should be critically reviewed and new ones introduced. On the
one hand the scientific research has to consider the claims of natio-
nal economy, however, on the other hand, favourable ecological con-
ditions for living organisms, and primarily for man, must be ensured.

Thus, the above problem concerns not only the expedient use of natu-

ral resources, but it is also of great social and economical impor-
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tance. Therefore its solution assumes the collaboration of experts
in different specialities (e.g. biologists, geologists, economists,
sociologists) and statesmen as well.

The removal of sapropels filling up lake basins, is often
only way to protect lakes from overgrowing. Thus, the renovation of
lakes is closely related with the utilization of sapropels. In Esto-

the

nian lakes the reserves of sapropels are estimated at 2.5-3 milliard
cubic metres. In the Soviet Union sapropels are acknowledged as mi-
neral resources with all the related claims, including economical
profitability. Although since long sapropels are known to have cura-
tive properties, and they may be also used as organic fertilizers
and supplementary feed for livestock, in production of building ma-
terials (sapropel concrete), and in several other branches of natio-
nal economy (Jérvemudade kasutamisest, 1984; Heitwraznr, 1982; a.o.)
their production is still being considered unprofitable. So far lit-
tle attention has been paid to the elaboration of the technigue to
be applied to producing of sapropels.

Wwe are of opinion that narrow material interest of single
titutions in drawing out scoopshoveling sapropels from lakes for one
or another purpose, cannot serve as a basis for evaluating the total
effect obtained through the utilization of sapropels in national eco-
nomy. Especially while speaking about the effect derived from the re-

clamation of environment, replenishment of pure water reserves, gqua-
not

ins-

litative and quantitative improvement of commercial fish stock,

speaking about the active protection of the environment, as a whole.
can-

in

In view of this, while renovating inner water bodies sapropels
not be regarded purely as useful mineral resources, which usage
national economy must compensate for all the expenses related to
their production, but as a by-product, which is to be wutilized

(Hlaan u ap., 1985).

In the geological past Estonia was considerably richer in  la-
kes, e.g. in the Early Holocene their number reached 5000, of which
only one third has preserved to our days. Therefore, in principle,

all the lakes, as an inseparable and the most picturesgue part of
un-

landscapes deserve protection and maihtaining. However, it is
thinkable, and therefore special care should be afforded to the most
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valuable of them (Mdemets, 1977):

1) Lakes of rare and unigue origin,
tic crater an Saaremaa Island;

€.g. Lake Kaali in g meteori-

2) Lakes rich in fish, e.g. Lake Saad jérv;

3).%akes abundant with river crayfish; which have (e.g. Lake K
Tujdrv on Saaremag Island) become now rather uncummun-uith: af
republic; "
4) Es i i

h:jﬁrsfclally picturesgue lakes or groups of lakes, €.g. Lake Pij-
5) Fakes posessing rare ecosystems, particularly oligotrophic
:)emid:strophic, and alkalitrophic ones; ’

ake i
particu:a:jth a sluggish flowage and those without outflow, in
7) Lakes rich in Tare plant and animal species;

8) Lakes whose Tesearch history is fairly long, which makes th
of special value for future comparative investigations; -
9) Drinking water storages. . '
. Landscape sanctuaries and preserves have been set up and hyd
1ug?cal preservations have been planned to ensure g pnssibilityVF::-
comirg generations to live in g world of naturally pure waters On-
ly bathing in merely fixed places is allowed in lakes under com.let
conservation. Protection of the lakes under complete cnnservatiZn )
covers the catchment area as well, where amelioration, non-selective
cutting, chemical fertilization and liming are prohibited within the
range of 5 km. Changing of the water level and introduction of new
taxa in the lakes mentioned above are prohibited.

While speaking about the protection and conservation of lakes
we mustn’t forget about lake sediments either, since the latter st;-
re valuable information about the past geological events, environ-
m?ntal and human history, including the development of land cultiva-
tion. Quite frequently lakes are related with ancient settlements
(Kunda, Narva, etc.), and therefore these recent lakes or deposits
of palaeolakes must be taken under the state protection as archaeg-
logical monuments. Some lake basins, e.g. those containing annually
laminated deposits should hbe protected as natural objetts.

In view of the above, the strategy of the utilizafiun and con-
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gervation of lakes varies. The value of sach lake should be estimated

sts in order to

jointly by 1imnologists, geologists and archaeologi
ree of its protec-

determine the sphere of its utilization and the deg

tion.
According to economic estimates, water deficizncy in zstonia in-

ally by 5 per cent. Many reserves are available to in-

creases annu
Recreative resources of la-

crease fish yield in inland water bodies.
Therefore, a wide spectrum of scien-

kes are not sufficiently used.
geologists, medical men,

tists, including geographers, biologists,
hvdrntechniciana, chemists and so on, are enga

kes of the republic. Their work is coordinated by the Republican
of the Haltic Sea and In-

ged in studying the la-

Council of the Coordination of the Research

land Waters and the problem Commission of aAnthropogenic tutrophica-

f Inland Waters under the Presidium of the academy of Sciences
Joint efforts of scientists and public

r future generations and in-

tion o
of the Estonian S.5.R.
romote conservation of our lakes fo
tential.

opi-

nion p
crease their recreative and gconomic po

Academy of the sciences of the ECstonian 5.5.R.,
Institute of Geology '
Institute of HistoTry
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0 BJIAHMM XO3/CTBEHHO,. JLATEJBHOCTY UEJOBEKA
HA O3EPHHE JKOCHCTEMH SCTOHMN

A.B. Paykac, A.-M.P. Puyx

Peswome
YesoBek sacessgeT Teppuropun OScTonuym csmme 9 000 ger, HO
MEPEJIOM BO B38JMOOTHOWEHMUAX YEeJOBEKa M IPUPOIH IPOUSOUeJ 3;@0b
B KOHILIE K&MEHHOro M HauaJe OpPOH30BOI'0 Beka,0kos0 2500-I1500 aem
0 He3., KOPZ& CKOTOBOIACTBO ¥ 3eMJelesue,lo NaHHHM apxeoaornm_
HauaJy Hapsny C OXOToii M PHOOJOBCTBOM MIpaTh BCE ,
B RMBHM obuwecTBa. [I[pMMEPHO C PTOro BpEMEHMN B

GOJBUY POJb
02ePHO-00JOTHHX
TIOKE
0 HUAX OOHADYXMBANTCS I€PBHE NpoGJeMaTUUHHE HaXONKM IEJIbIH
KyJBTYDH
y6 YPHHX pACTEeHMNit ¥ COPHAKOB, a 60Jlee NOCTOBEPHHE - C HayaJja
cy6aTJaHTMYEeCKOro BpeMeHu. Hambosee paHHME CJaelH HENOCPELCTBEH=
Horo BOBZE/ICTBUA YEJOBEKA HA OBEPHHE 3KOCKCTEMH /Hamp cBume
TEeJECT ) ' ‘
. Ba 006 yOHCTpPeHMUM 3IBTPOPMKALMM MO LAHHHM M3YUEeHUS KJI8L0
nep/ Taxxe OTHOCUTCH K Haua .
Jy cyOaTJaHTUUYECKOrO K,
JIMMAaT

iy aTU4yeCKoro

Iie

lepBHe caBegenusa o6 ocyumMTeJbHHx paborax Ha Oeperax o3ep U
B 6oJIOTAX C B8JOXECHMEM CUCTEM OCYWNTEJNbHHX

KaHaB OTHOCHATCSH K

14-15 Bexam. H HacTofmemy BpEeMeHM YDOBEHE BOJH YPeryJaupoBaH
npumepro y 700 osep ma umewxnmxcs 1500 u cosmano Goxsee I50 Bo-
JIOXPAHMJIMU, HA KOTOPHE NpuxoIuTcs okoxo I,5% Teppuropum pec-
ny6anxyu. HauaTa paboTH MO O3LOPOBJEHMX O3€p C yTuamsauueii can-
poneseii. KpoMe co3naHHHX JaHAWE)THHX 38MOBEIHMKOB ) 38KA3HUKOB
38NJQHMDOBAHO YYPEAMUTH CMNeLMalbHHE UIPOJOTrMYEeCKUEe BaroBeTHUKM
¥ 3axa3HuKMu. MHOrMe o3epa u uX IPYNNH yXe ceifuac HaxoUATCs IO

rocyIapCTBEHHO OXPaHOi. §

Axagemus Hayx OcToHckoit CCP,
MHCcTUTyT reosoruu
NueTuTyT ucTOpUM
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\ ) PALACCGEOGRAPHICAL STAGES IN
LATGALE UPLAND LAKES

THE DEYLLCPMENT GF

5
L. Sergeeva, V. khomutova, 1. Trifonova E’ i
I E

S3amo o

0T Qe

in the region of Latgale Upland a group of lakes has bzen stu~ E g §2$ §

died by the investigators of the Institute of Lake Research -:"‘\ 33(3

i Acad.Sci. USSR. within the frames of complex 1imnological investi- o il

: gations much attention was given to palaeclimnology sf lakes Vorka- %""&’[ Géé R~

1u, Sleinovas, Rogaizhu, Dlinnoye Snidzinjas, cecheru (fxoBaeBa \_e’ b gggig

ot al. 1981; faBnmosa, 1983; Cepreesa, 1993; XOMyTOBZ, 19835 iﬁg 32 o;-'E
fxosxesa, 1983). go,g N 8t ST e
The present paper deals with the recent palaeulimnulogical da- sb\glg - E;;.\-' ZE
ta obtained through the study of Lake Rudushskoye. Lake “udushskoye ’é ng“: %:}E lc':::L
ic situated in the central part of the Latgele Upland. It lies in és 3 E:Bu'w g §'§
the main moreine zone coinciding with the regien of maximal glacial §§ 3 éﬂ:’:E% o
accumulation Cepe6psaunul, UyKICHKOBS, 1973). The lake has 2 small aN L icted “:;w‘g
catchment area (1.35 sg.km), with its hummocky relief being ccmpo- EZ éggg Eg
sed of till and occupied by agricultural land. The total areca of E"g\, igﬁﬁg 1
the lake is 0.061 sq.Km, maximum depth 8 m, average depth 4.2 m.Mo- ég"' E?Jt%:
dern bottom sediments are represented chiefly by organamineral silts NQ “ E },:’gé‘;g'
with organic matter content accounting for 19-21% (in dry weight of gg g gﬁﬂ LIy~
sediments) . Littoral zone is very narrow and ccvered by sandy depo- '§,§ N 5&15@.2 é
sits. Silts are of brownish-black and black colouring. Calcium car- = o E;;-:ua": &
bonate has accumulated only in the'}‘grm of biogencus chplly mate- > E'Z",;' :ﬁg;
rial in the sublittoral zone (10-40% CaCCB). §ilty sediments are ; :,;.E [
practically free of carbonate ( £ 10% CaCOB). Ix| N § g g-;':é
The column was taken at a depth of 5,5 m. Total thickness of S E‘EE §m '
sediments is 610 cm. The section reveals the following layers from souoz Eé:gge
bottom upwards (Fig. 1): ‘T”ad ; %E“&é’\”
6.10 - 6.05 ™ - 3 E§5é§
Nl Sangg

fine gray sand .-
od fragments .ece-eces-coe

peaty silt (mud) with wo
t detritus

Fige 1.

€.05 - 5.9€ m qy swap éiéigéé
5,98 - 5.93 @ - wdaaé" s‘ s

fine sand rich in plan
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laminated organo-mineral brown silt (mud)
composed of sandy laminae of various thickness,
with unevenly distributed plant remnants of

different origin (macrophytes, wood pieces,
5.93 - 1.20 m

leaves)

fine sand with woody remnants and
.......................... 1.20 - 0.75 m

Gravel sevssnesone .

dark-brown silt (mud) with black sticklaors
......... . 0.75 - 0.30 m

plant remnants ........

comprising .
tdark-brown silt (mud) passing into black,
SI1E (Mud) «oonwessens Shg WEE S @ ee... 0.30 - 0.00 m

Pailaeogeographic stages of lake development are discussed on the

basis of the results of palynological analysis,-1hc.dating, litholo-
gical and gevochemical analysis (graine-size, absolute masses of

principal components of sediments, derivatographic, chemical analy-
sis of the concentrations of biogen elements). Spore-and-pollen dia-

gram is presented in Fig. 2, the indices of the above characteris-
tics are shown in Fig. 1. According to floristic compasition 7 paly-
nozones are distinquished in the spore-and-pollen diagram. On the
whole the diagram holds information on the development of | vege=

in the study area for the Holocenme period since Boreal(B0).

tation
da-

According to palynological evidence the lake sediments are

ted in the following way: 610-580 cm (BO); 580-340 (AT); 34L0-140 (SB);

140-0 (SA). !olocene stages are differentiated according tu(HeﬁmTaAT,
1957), the limits of chronozones according to MN.A. Khotinsky { Xo=

TuHCKNWH N$77). Or differentiating the sediments as a key horizon ser-
ved the Holocene Atlantic optimum. In pollen spectra broad-leaved
species accounted for 35% of the total amount of arborecent pollen.
As a rule, the pollen of elm, lime and oak is represented.

By ﬁeans of radiocarbon method Kh. A. Arslanov has dated a
semple of peat from the depth of 6.05-5.98 m: 8390% 150 ( JYV-1713).
Thus, both radiccarbon and palynologic evidence refer the formation
of Lake Rudushskoye to the Late-Boreal. Mineral sandy sediments cove-
ring thc bottom of the basin are of terrigenous origin as is eviden-
ced by dry unit weight of these sediments (1.28 g/cm3) and extremely

=-15T7=
&
‘ :S 2
(2261 ‘prvonnioy) e
$Iuwozouonyn S i S
" &
2 &s 1534) SIERS T s §
129150j0: 3Lasojoy T
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muazauwt/a U800 < X
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05 Wny5EEg 2 =
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low content of organic matter (1.57%). The pDoreal stage

velopment is characterized by extremely unstable hydrcdynamical re-

of lake de-

The filling of the basin with water and accumulation of lake

gime.
the peat horizon under the

sediments started with the formation of
conditions of shallow water and poor flowage regime-
c composition of sediments and their poor sorting

This is proved

by fine aleuriti
(&g - 7.3). The role of terrigenous material 1
diment composition,
as much as that of mineral ones.
(85 - 5.1) enriched by carbonate matter (CaCU3

s insignificant in se-
the content of ogrganic components is 2.4 times
A thin layer of fine silts (3 cm)
_ 20.2%) and lying on

Towards the end

was formed under similar conditions.

peaty stratum
f shallow Lake pudushskoye increases sig-

of the Boreal the flowage O
nificantly because the sandy
are well sorted (g - 22

ediment compesition (C.86 mg/cmB) whereas that of

sediments overlying a8 carbonate horizon

The share of terrigenous components in-

creases sharply in s

organic components decreases (0.058 mg/cmj).

At the beginning of Atlantic period the leke regime S
5 components

tabilizes.

Sharp decrease in the share of carbonate and terrigencu

and increase in organogeneous components in fine silts testifies to

accumulation

water level rise in the lake. The process of carbonate
ceases, the contribution of organogenic components of sediments in-
creases. 1t is greatly due to warm and humid climate cf Atlantic pe-

riod. At the background of general favourable hydrodynamic regime and
this stage of Holocene it may be distin-

high level of lake trophy at
lake lavel

guished petween three phasés with a certain decrease in
in the composition of bottom seﬁiments(uell—snrtvd
the absclute mass of

as is revealed
sandy and coarse silt beds). In these horizons
terrigeneous components increases (Fig. 1)
In the Ssubboreal Lake Rudushskaye passed a numb
sive-regressive phases in 1ts development. The sediment profile re-
'characterizeﬁ by bigh absolute mass

er of transgres-

veals tuwo prominent sandy layers

values of terrigeneous components. These sediments are well sorted

(54 - 1.5—1.5). 1t shows that they were formed under shallow-water
prssence

conditions due to repeated redeposition of sediments. The
lake de-

of these sandy horizons evidences about regressive stages of

velopment.

At the begipning of t il
e & Bk et zF - he Subatlantic the lake level rose agai
o ol 0-140 em) which is shown by fine-silt cnmn
i cumponent: T; ed sediments characterized by low content ;
120470 &k proves t;e e composition of sediments at the depth afn
o s BEE recurrent lowering of water level in the lake
Tar ey o a:mziated during this period are well sorted (S :
G, T sis, 1 h:r:ase in absolute masses of terrigeneous gum-
S ———— gh water level begins from the middle of Sub-
- Eleuritic-pelitiy sediments give place to poorly sorted (S_ -
e thect(SU-BU cm) and pelitic silts (30-0 cm) . o
tion of Lake nuuu;nskny:a:zii:::;::-iBQZZSSiVe ARG 1 PR
in Latvia and to o those of Latgale Upland lak
e DFL;:::EZ:” lakes (flxoBaesa, 1983; apymkwrac 1,3::)
accordance with the al:erazsueria:j?s 1: the water body Chang;; " :
4t By mesnns matic conditions. We ha
nent: . th:fcz:zei:dz?es - absolute Tésses of urganugunousv:o:;:TEd
It is known that thec:tzizzh:il enivates.
of lake pr . ation of plant pigments as th
servatiu: i:azzepzz::ctinn in the last depends mainly upon chiins::-
ves of CthrODhyllder?m iEdimE“tS- Analogous run of distributien cur-
b i ppera i 1:a es.and organic matter concentration points
B sl thisﬂb r:51dual chlorophyll in sediments of the lake
[ asis we may suppose that its content during
Sbion esponds to the ancient levels of primary -
. pro
The analysi .
B e i e z:;:i:: ::ed:;:?ributiun curve of chlorophyllderivates
the ai:eration of lake pmduc:e:s:ijhﬁfj; ST AR R
e fi ) s =
e :is:h:t::ei;sicharacterized by increase in the lake’s pro-
B ki oo tse ning of Atlantic period when the input of mi-
b e ticn: ot i c::chmen? ?rea reduced. The second stage marks
The concept of truphizpeqzii?;;i::rium with environment (AT and SB).
as be .
. e

backgro f fini ni f a cnloro-
grou do definite consta Cy o the values of residual 1

p yll pi mentc U ni natt ntent me fluct tion are
g 5 and orga c atter co SO uatlio
8
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still revealed. They correlate with earlier described rhythmic

fluctuations of 1ake hydrologic regime. Low concentrations of compo-

nents coincide with regressive phases, the highef ones with trans-

gressive phases.

The third stage coincides with the pe
the lake (the 8-10th centuries). The intensification of terrigenecus
chment area in this pericd is

riod of human impact on

(mineral) material input from the cat
characterized by low lake productivity.

The fourth stage associates with a sharp increase of water tro-
phy in the 49-20th centuries, the content of chlorophyll reaches its
maximum (100-234 mg/g). This stage is characterized by decreasing in-
put of mineral cumpunent from the catchment ares, reinforcement of
diagenetic processes due to the increase in silting of depression

and change of its morphometric indices. Sharp decr2ase of P/C, P/Fe

at this stage points to the expansion of gcuchcmical phosphorus mo-

e for the lake ecosystem.

bility, which becomes again availabl
in Subatlantic was

Natural rhythm of sedimentation processes

greatly disturbed by human impact on the catchment arca-

As is known the sedimentation of terrigenecus material reflects

the degree of the development of erosicnal processes in the catchment

The results of lithnlogical-geuchemical analysis of subatlantic

area.
nt changes bave taken

sadiments of Lake Rudushskoye shows that importa
d half of Subatlentic

place in sediment compositicn since the secon
the

period. They correlate neitheruwith climatic changes
state of lake at that time. As @ result of these changes three-four-
fold increase of terrigeneous component and decrease of percentggs

r in sediments tock plzce. The initial

nor with

concentrations of organic matte
stage of redical changes 1in sedimen
11en curve dated as the 8-1Cth centu-

into

t composition coincides with em-

pirical 1imit of Cerealea poO

Undoubtedly, the incrcas
sed by activation cf crasional presesses due fc

ries. ed input of terrigeneous raterial

the lake has been cau
of landscapes (plDwing,Fﬁrest rell, etc.).

human disturbances
s on the composition of

The results obtained through the studie

bottom sediments of Lake Rudushskoye and, first of all, of such im-

portant indices as the mineral and grganic matiar content aQros

with the d e

L e dat

ol Stagzso:ngu;ij:;ahd-spure analysis aimed at determining the
o e opment of human influence in retrospective

In the i ] i

o i: !::ojzzz ::e ess?nt1al changes in vegetation cover occu-
A 300_100398, i.e. in Subatlantic period, especially
o accnmpaayin dye?rs..The empirical limit of Cerealia pol-

_This boundary is clgs:jj :eiit::stiniz U; e
g e development of agricu
Chronojz;?gizpz:jg:taanthr?pngenic boundary is distinguiihad ::ure-
e e pp?uxlTate;y 200 years ago. It is recorded on

" ' . ulmination of birch, willow and cult i

jcae pollen owing to native forest fell and plowing of t::al G?aml-

Thus the detailad complex palaeolimnologic investigazzzzrzzozz.

tural scdimentati
ation processes serves as a basis for th
of human impact. e elucidation

Academy of Sciencses of
the U.5.5.
Institute of 1ake Raesearch S
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u3yueHa IPYHTOBas KOJOHKA MomHOocThD 6,1 M. [lo pesyasraram
HOJOTMYECKOT'O MBYUYEeHUS W I4C IaTUPOBAaHUA o

YCTaHOBJEEO, YTO 03epo
BOBHUKJO B GopeaJsbHuii nepmol, npmmepHo 8 500 Jjer Hasarn. Osze
MCIOHTHB&JO DAL TPAHCIPEeCCHBHO-DErpPECCUBHHX (a3, CBASAHHHX C n:f
MEHEHMSAMN KJIMMATUUYECKUX YCJOBMIl, UTO HEUIO OTpaxeHMe B 0COOEH=-
HOCTAX BENMEETBEHHOI'O COCTaB& OCagKOB. B COOTBETCTBMM C M3MEHe—
HUAMM NPUPOOHHX YCJAOBMUI MEHSJCHS M YPOBEHR NPOAYKUMOHHHX Npouec
coB B BoJOEME, KOTODHII NpOCJAEXEeH aBTOopaM;l C I[OMOUWBE JBYX noxa:
gareseli - abCOJONTHHX MACC OPraHONeHHHX KOMIIOHEHTOB U COJEDPXaHMii
nepuBaToB xJopoduara. Ha doHe usyueHHHX 3aKOHOMEDHOCTE! ecTecT-
BEHHO-NIDUPOJHOJ PUTMUKM OCOIOKOHAKOMJIEHUS BHABJCHH €€ HapyleHus
nof BJIANSHUEM aHTPONOTEHHOro QaxTopa.

Axanemus Hayk CCCP,
MiHCTUTYT O3epOBelNCHUS

JBoJpuus 02€P JlarrasbCKoll BOBBHIIEHHOCTH /BocTouyHas JaTenal

cg Ha OpyMmene TUNNUHOI O IS MarHoOI'o Da=

B rOJIOIlEHE paccMaTpuBaeT
KNX METOIOB/ JMUTOJO-

fiona osepa PyAyuCKOE. KoMMJaeKcoM aHaauTuiec
pamMoMeTDMUCCKMA U AD- /

ro-reoxmMuyecKuit, ManUHOJO WU CKILT,
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Annual quantities of settled material in the lakes of the Lithuanian

National Park within the year of 1980.

Fig. 1.
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oN FORMATION OF SEDIMENTS AND DIATOMS AND POLLEN COMPLEXES
IN THE LAKES OF THE LITHUANIAN NATIONAL FARI
L] ¥ T (]
N
M. Kabailiene, J. Tamodaitis, F. Martinkeniene, B. Vaitviliene \ “leiNslE IS8l
: el BN RN SN b= & @
: \ .
The Lithuanian National park is situated in the NE part of . ;\.\ N "
Lithuania. It has an area of about 300 sg.km., of which 15% is taken i \\\\ :§ alwlw|wl= ol
up by lakes. woodlands cover 78% of the territory, i.e. the woodiness \ ;": - S| %T § ~
of the area is thrice as much as the average for Lithuania. Pine fo- t\\ EE
rests (83%) prevail, pirch and spruce woods make up 8.7 and 5.2%, \*
cerrespondingly. \\‘2 O .
For several years the principal 1akes in the National Park have \ k?.? \.:- l:‘_f | & 8— f\‘.‘. ﬁ- <
teen subjected to complex studies. This paper deals with the recent o =
data obtained through the analysis of pollen, diatoms and composition Eit\\ =

| of sediments accumulated in five lakes within the year of 1980. The \\\<i - .

"I sedimentation rates obtained are also presented. Studies were car- \ 52 :g 3 g;, :g. g_‘!_ g_ Q :g_

1 ried out on lakes of different type. \ § 3 2} 'E\Dl f?. ~

i Of the lakes studied, the largest is Lake pringis (7.21 sq.km), Es;t\\)zg
its average depth being 8.4 m, and the maximal one - 24 m. Its catch- \\ @

' ment area is rather woody (L5.2%) - k\\\ >

The lakes Pakasas and Utenis are of the same size and depth, but | \’g = S" “Q.; w) 3 § :;_ 2_
they differ in woodiness of their catchments. Forests around Lake Pa- ﬂc \ § w0 <N -~

| kasas occupy only 9% of the catchment area (with the agrigultural E%r**w ——— ;b\\ IG)

ﬂ lands. prevailing), whereas the environs of Lake Utenis are rather ?f g gg ?: s | r
rich in forests (42.7%) . Both lakes, being several times smaller ‘D o 8 (] "’E :_73 é E‘; % b :E -
than Lake Dringis, are similar in depth and have rather large catch- L . ~ - ;‘; é ":g lc"j ‘;g l;_lg E; :.;}:

‘ ment areas. g@ggﬁuﬁﬁn

| Lake Sakarvai is not large (0.78 sq.km), but the deepest of all < zz|g8|% ; L g {‘&‘

:[l the lakes studied: maximum depth - 40 m, average - 16.5 m, with a LNIWHILYD 30 :_é é ;’rf-z ﬁ

| high flowage and large catchment area. DIASI¥ALIVEYIHC i E :‘f

| The smallest and the shallowest of the lakes studied is Lake
I ‘ Gruodiskis (0.24 sg.km). It has an outlet and small catchment area
covered with forests (67%) (Fig.1).
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In order to determine the sedimentation rate and take sediment
samples for the anélyses of pollen, diatoms and chemical composition,
sediment traps of original construction have been fixed on the bot-
tom in the deepest points of the lakes. They have been examined four
tiges a year in each lake. Thus, it became possible to periodize the
data on accumulation of sediments, abundance and composition of pol-
len and diatom algae deposited, like this: winter (January - March),
spring (April - June), summer (July - August) and autumn (September
- December). Such studies allowed to determine the abundance of pol-
len grains and frustules of diatoms settled on a certain area m;thin
a certain time (quantities of pollen and diatoms settled on 1 m“ per
second and per day were determined by the method proposed by M. HKa-
bailiene (i{afSafaenc, 1985).

In the target lakes the highest rate of sediments accumulation
was registered during summer and autumn perieds: 1.23-4.31 and 0.59-
65.61 g/m2 per day, correspondingly. In winter, under ice conditions,
deposits are also being accumulated in all the lakes, but in small
quantities (0.064-0.62 g/m° per day).

Sedimentation rates vary with lakes. The lowest was recorded in
the small, shallow Lake Gruodiskis fed prevailingly by ground- water
(0.06L-1.23 g/m2 per day). Organic material in its sediments makes up
65.9-81.3%, and its amount is directly proporticnal to the intensity
of sedimentation. The amount of inorganic material, rather small and
slightly fluctuating in the course of years, indicates that the caon-
tribution of slope erosion to sedimentation is not significant and
that the autochthonous material is a principal factor of sediment

formation.

In a deep lake of Sakarvai fed by water from other lakes the se-
dimentation is also slow (0.58-1.76 g/m2 per day). The amount of or-
ganic material is not large (16.9-25.2%) here, but the content of
calcium carbonate (33.4-49.1%) and inorganic particles (25.7-47.4%)
rather high. In this case, a part of material coming from the
in the lakes serving as feeders for lLake

is
catchment area is accumulated

Sakarvai. Oxygen is abundant, and therefore autochthonous material is

being oxidized (Fig.1).
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The lakes Dringis, Pakasas and Utenis are mainly being fed by
surface water. The catchments of these lakes are intensively used
for agricultural purpnses. Sedimentation rate is considerably high-
er here (up to 6.61 g/m per day) than in the above-mentioned lakes,
and sediments are rather rich in inorganic particulate material and
calcium carbonate ( Ha6afinewe u Zp., 1983).

The highest sedimentation rate of diatoms (up  to 165,000 frus-
tules/m per sec) was found in the running-water lakes of Pakasas,
Utenis and Dringis, fed mainly by surface water, i.e. in the lzkes
with highest amount of delivered nutrients necessary for the deve-
lopment of dlatums. The lowest sedimentation rate of diatoms (3-603
frustules/m Per sec) was registered in Lake Gruodiskis fed mainly
by groundwater. Accumulation of diatoms procecds at tue highest rate
during the summer period (603 and 47,900 Fruatules/m per sec in
Gruodiékis and Utenis, correspondingly), whereas in the apen lake of
Pakasas (having a catchment area with a widely developed agricultu-
re), it was most intensive in autumn. 4

The overwhelming majority of diatoms belongs to the freshuwazter,
either oligohalobic or indifferent species. In summer, there is an
increase in abundance (especially in the lakes of Dringis, Uteris,
Sakarvai) of halophilous species (Cyclotella operculata, Fragilaria
crotonensis, Fragilaria primata, Cpithemia sorex), probably, due to
their preference to the water with slightly increased mineralizaticn.
These changes in the composition of diatoms cccur as a regponse to
the human economic activities, and are connected with the growing in-
put of inorganic material into the lake. During the same period, the
abundance of boreal species characteristic of the water basins cof
middle latitudes increases as well. Halophobes are found in small
quantities, being a bit more abundant (2-3%) in the sediments of
winter period (under ice conditions) in the lakes of Grucdidkic ond
Sakarvai, where Tabellaria fenestrata, Tabellaria flocculosa,MNeidium
iridis etc. have been found (Fig2):

Since the studies were performed on the sediments from the deep-
est sites of the lakes, the planktonic e species proved most abundant,
and only in the shallow lake of Gruodidkis benthic diztoms prevailed
with rather large quantities of epiphytes. The diatoms abounded  in
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Fig. 2. Sedimentation rate, composition of settled material and diatoms in the

lakes of the Lithuanian National Park within the year of 1980.

-169-

the sediments of Lake Sakarvai, which ig a deep lake with intensive

dralnaga. This favours the tranmsport of frustules of littoral species

(including the epiphytes settled on the bottom in the shallow

shore zone) to the deep zone.

toms are subjected to the especially strong influence of water

near-

Species composition of dominant diatoms differs with lakes.Dia-

ente-

ring the lake and bringing in the substances necessary for their 1ife.

There are different dominants of Navicula (N. radiosa, N.
N.

ma,

subtilissi-

cryptocephala) and Cymbella (C. affines, C. ehrenbergii, C.na-

viculiformis) in the sediments of Lake Gruodigkis. Most of the plank-

tonic species belong to Cyclotella comta. Some dominants are

common

for the lakes of Pakasas, Utenis and Dringis. However, there are dif-

ferences as well. For example,

of the genus Aulacosira are of the

in Lake Pakasas the representatives

utmost importance, whereas Fra-

gilaria crotonensis prevails in Lake Utenis. The sediments of Lake

Dringis are dominated by Fragilaria crotonensis (up te 40-G0%), there

are many frustules of Cyclotella
lica appears in rather small numbers. The sediments of Lake

are dominated by representatives of Stephanodiscus (about

total guantity) (Fig.2).

A close relationship was fourd bctueen the abundance

and the sedimentation rate. The increase in the abundance

operculata, whereas Aulacosira ita-

Sakarvai
507 of the

of diatomg

of diatom

frustules in sediments is related to the higher rate of sedimentation.

physical and geographical conditions

The results of diatom analysis indicate, that

under

the similar

differences in the composition

of dominant diatoms are rather common in coeval sediments in the

lakes of different type. They also show that the abundance of diatom

frustules increases with an increase in the inflow of surface

On the basis of these data,

water.

it can be assumed that strata with in-

creased numbers of diatom frustules (in the section of Holocene lake

deposits) correlate with more humid climatic periods. Such an assump-

tion is well supported by the data obtained through the research on

diatoums in Holocene deposits of Lithuania’s lakes.

The maximum quantities of pollen in the target laskes uwere

feound

in spring and summer sediments. For the majority of the lskes, pollen
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sedimentation was higher in spring than in summer, &.g., in Lake
Gruodiskis 53,500 pollen grains were settled on 1 m2 per day in
spring, in autumn - 29,500. For Lake Pakasas, the corresponding
values were 206,500 and 82,900. For the largest lake - Lake Dringis,
on the contrary, pollen sedimentation in summer was slightly higher
than in spring:GS,BCD and 49,700 pollen grains on 1 m2 per day, cor-
respondingly. Here, due to a considerable mixing of water in spring,
the delivered pollen settled with some delay.

During the year, tres pollen grains (40-89%) prevailed in all
the lakes with a dominance of birch pollen iﬁ spring and pine pollen
in other seasons of the year. The spectra of pollen settled in sum-
mer and autumn were found to have the maximum resemblance to pollen
spectra of forests growing in the catchment area. During these sea-
sons, the pine pollen was preveiling (40-70%), followed by birch
(15-35%), alder (5-20%), fir (5-10%) and broad-leaved spccies (2-4%).
The response to phenolcgical phenomera, i.e. the sequence of bloom-
ing, isg better displayed by the pollen spectra of spring sediments.

Slightly increased guantities of pollen of broad-leaved tree
species and hazel were found in the sediments of Lake Pakasas. The
pollen of cultured cereals appeared in larger quantities than in the
ather lakaes.

The largest guantities of hert pollen were settled in summer,
i.2. during the intensive bluoming of herbaceous plarts, and most of
the spores were found in the spring scdiments. The pollen of ground
plants preveiled among herbs, and representatives of Oryales domina-
ted among ‘spores.

' The sedimentation rates of pollen in winter (under ice condi-
tiong) have been also estimated. At this time, the largest guantities
of pollen were settled in Lake Sakarvai (with intenmsive drainage) and
in the largest study lake - Lake Dringis (6800 and 4671 pollen grains
on 1 mz per dsy, correspondingly). The smallest guantitics (224 pol-
len grains on 1 m2 per day) were registered in the small and shallow
loke of Bruodidkis. The maximum guantity of pollen of some species
of the year was found in the winter sediments of several lakes: oak
(up to 3=4%), elm (up to 3-4%), there were rather large guantities

07y
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of pollen of pine, birch, alder, but little spruce pollen. Large
guantities of herb pollen were alsc found in the winter sediments of
all the lakes. In winter, herb pollen abundance was higher.tham in
spring, and in some cases, higher than in summer. For instance, un-
der ice conditions, the winter sediments of Lake Dringis had the ma-
ximum quantity of pollen of Rumex and Polygonaceas, whereas those of
the lakes of Utenis and Sakarvai were dominated by Cramineac pollen
(Fig.2).

Sedimentation of pollen in winter, under ice conditicns,. indi-
cates the complexity of this process in the lakes. The obtained data
indicate that a part of pollen brought into a lske docs not settle
immediately on the bottom. The recuspension of settled poller graoins
from the bottom of the littoral under the influence of waves and
currents is also possible.

Vilnius State University named after V. Kapsukas
Academy of Sciences of the Lithuanian 5.5.R.
Department of Geography

REFERENEES

N o B 4 ;
HaSafrene I.2., Baftusniere B.A., Maprumxenmene ¢olls, Tanvowsai’-

Tuc ¥,Cs CesoHHOe ocezanue OHJILUE ¥ ZHATOMEH B 4

¥

CpHMUDY K-
MXCa LOHHEX OCaJKaX 08D HALMOHAABHOIO Napka JUTABCKOS
CCP. - B w¥.: Mcropus oeep B CCCP. Tea. foxx ¥I pcec, co-
sew. Taaann, 1983, 2, 64-65,

Habafrene M.3. Hexoropmse ocoGenuocTu KOPPeJAUNY LSHNLK Q48—

TOMOBOI'O &HaJu3a I'OJOLEHOBHYX OBEePHHX OoTJaO¥eHU? JIUTBil, -

Hayunne Tpynawm Brcummx YUeOHHX 3aBerneHuit Jutoscxo# CIP.
Feosorug, 6, 1985, I3I-I3g.



=172~
YIK 551.8:551.79

Q $QPUVPOBAHII OCALKOB, IZMATOMOBHX i ILUJIBUEBuX KOMITJIEKCOB
B Q3LPAX JUTOBCHOI'O HALJIOHAJIBHOI'O MAPHA

M.B. KatGaiiaene, K.C. Tamowaittuc, ¢.[I. Maprunkeunene,
B.A. BalluBuzere

Pesnue

/ayueHue CKODOCTHM OCAIKOHAKOUJAEHUs, COCTaBa OCAaljKOB, AMATO-
MOBHX BoZopocaef M NMHABLN B NETU PAIHOTUIHHX o3epax JmToBCKOro
HAUUMOHAJABHOI'O NapKa B TeueHME roja nokasado:

I, CxopoCTh OCARKOHAKONJEHMS B DASHHX 03€pax pAasJANYHAas.
Campii HUSKMII TeMN OCAAKOHAKONJIEHUN GHJA YCTAHOBJEH B HEOOJDLUOM,
Heray6oxoM, NuTaeMoM B OCHOBHOM NOASeMHHMM BojaMy osepe, Hanbo-
J€€ MHTEHCUBHO OCANKM HAKONJASJAUCH B 03epax, NUTAEMHX II0BE€PXHOCT-
HEMU BOZaMU, UMEDUMMM MaJ0 OOJECEHHHEe BOJOCOOPH.

2. O0Cmee KOJAMUECTBO AMATOMOBHX BoJopocJaeit HauboJsee BHCOKOE
B CHJABHO NDPOTOYHHYX, NUTQEMHX B OCHOBHOM NOBEDXHOCTHHMM BOJaMM
Qtepax. Bugomeit cocTaB ZOMMEMDYDUMX IMATOMOBHX BOZOpOCJIeit B pas-
HHX 0B8epax DasxuuHHii.

3. lakcumMasrpHOE KOJKYECTBO NHJABLH QCelaeT BecHoil, BO BpeMs
UBETEeHUE AepeBbeB. B BeCEHHMX ocankax npeobiajgaeT nuJabua GepesH,
a B Zpyroe BpeMeHa roia — COCHH. [labla NPOJOJXEET OCEIUTH BU-
Moli B NOJJEIHHX YCAOBMUAX. lloZyueHHHEe NaHHHE CBUAETEJIbCTBYHT O
CAOKHOCTHM NpoumECcCa CEeRUMEHTaINM B 03epaxX.

Buaprocckuit rocynapcTBeHHHIR

yHuBepcurTeT MM. B. Kancykxaca

agagemun Hayk Juromckoit CCP,
Orgpesn reorpa¢uu
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SEDIMENTATION PROCESSES AND RATES OF SEDIMENT
ACCUMULATION IN THE LAKES OF DIFFERENT TYPE

J. Tamo$aitis

The character and rates of sedimentation processes in the lakes
are determined by both quality and quantity of the supplied material
and lakes morphometry (Tapywkurrue, 1975; Poccomumo, 1943). Forma-
tion of bottom depcsits is caused by a variety of facters such as
those related to the catchment (area, physical and geographical con-
diticns), lake basin (morphologic-morphometric features), which the
material dissolved or suspended is being supplied from by the sur-
face (river, overland flow) and ground-water run-cff, as well as
climatic and meteorologic factors (air temperature, precipitation,
wind regime) causing the delivery of d{ssolved and suspended material
in a form of aerosols. In the lake itself, the processes of sediment
accumulation are influenced by morphologic-morphometric “raits (area,
shape, depth), physical properties of water masses and chemical com-
position of water, aquatic plants and Fauna teing the cause of meche-

i

nical, chemical and biclogical sedimentatian. Rccording to t

pact on sedimentation precesses, they can be divided intc sctive =nd
passive factors, the fermer taking part directly in the formetion of
bottom deposits, e.g. the surface and ground-water run-cff, wind,
precipitation, aquatic plants and fauna, the latter Leing em-
bodied in the physical-geographical conditicns of the catchmant,mor-
phologic-morphometric traits of the basins, etc.

The material can be delivered intc the laks from the catchment
by water run-off, atmospheric dust and precipitaticn in a suspended
and cissolved form; thereafter, suspended material is teing settled
on the bottom, whereas dissolved material becomes to participate in
the material and energy circulation in the water body, and cnly sub-
sequently, its certain part enters the bottom deposits.

Physical and geographical conditions of the catchments are cor-

sidered as the principal factor determining the hydrochszical rigime
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nf the lakes, their biological production and, hence, their evolu-
tion and biolimnological types. The limnological typology, in its
turn, is based on a certain set of indicators and different proces-
ses of sediment formation (Pocecoammo, 1977). Oligotrophic lakes are
characterized by a low nutrients supply. Therefore, a characteristic
feature of oligotrophic-limnic ecosystems is a low value of positive
balance of production-destruction processes, i.e. a slight excess in
formation of new organic material over its destruction and, hence,
its rather modest accumulation in the water body.

A characteristic feature of eutrophic lakes, rich in nutrients
(P and N, prevailingly) is the rapid growth of autotrophic hydro-
bionts causing the mass development of planktonic algae and, hence,
an increased production of organic material. The abundance of orga-
nic material and its accumulation in bottom deposits is typical of
these lakes (e.g. lakes Duobelis, Lavysas).

Mesotrophic limnic ecosystems are related to the transitional
stage of lake development with the organic material accumulating
bottom deposits. To this group belongs a vast majority of target
lzkes, e.g. lakes Akmena, Galve, Kriaunelis, Dusia, Baltas Kauknoris,

in

Totarishkes).
The formation of dystrophic limnic ecosystems is closely related

with the impact of bog water poor in assimilable phosphorus and nit-

rogen, and, therefore, they provide unfavourable ecological condi-

tians for the development of autctrophic hydrobionts (Lake Esherinis).

For the investigation of recent rates of sedimentaticn in the

lzkes of different type the sedimentometers (sediment traps) of ori-
ginal design were used. They were settled on the bottom of lakes in
characteristic places (usually at the maximum depth). The sediment
trap consists of a plastic cylinder (70 cm high, 10 cm in diameter)
attached to the triangular duraluminium support (its side being 60 cm
long and 50 cn high). A small rein-steel rope covered with plastic
insulation is tied up to the central upright of support. Floats tied
up to the end of the steel rope are usually lowered to the horizon of
3-5 m below the water surface (during the anchoring in summer). Sedi-
ment traps were installed and examined every month at the same time.
edimentometer was taken ashore, water samples for the

After tho s
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y5es were collected with a rubber tube. Material was anal
‘ | : nNalyzed
in the ;ahoratory for the content of dry material, lgsg on i yi
8 niti
and ash content, as well as CBCDB' organic carbon, total nitf .
PZDS. Sedimentation valuz is expressed as the quantity of ¢ i,
s ’ 2 : Ty mate-
in grams per 1 m“ (g/m ), and chemical composition of sediment
s
<6 e . 1985 the
fec-nt scdimentation has been already studied in more than 20
in the Lithuanian 53R, For each lske

15 estimated in per cents on dry material. From 1972 to

lakes
=i — the research tovers a periad
L Thf tufgat lakes are situated in different landscapes of the SE
M;i;:::;?; ::z:;ji::s of la%es Akmena, Galve, Ilgis (Trakai District),
: s { shkis District), Galstas, Shlavantas (Lazdijai Disg-
trict), etc.)iare located in the zone of marginal morainic upland
Lake? Baltas dauknoris, Duobelis (Lazdijai District), Lavysaf ?C .
na District), Totorishkes (Trakai District), Gruodishkis (I ;aliare-
?i?tr?ct) lie on an agueoglacial plain of the last glaciatign' 1::
~“Iingls and 8Shakarvai (Ignalina District) Occupy a part of th; lan:S
Stapes of mixed type, whereas Lake Esherinis lies in g large mire )
area. Lakes Baltas Kauknorisg, Ducbelis, Ilgis, Pakasas Kriauneli
and Shekarvzi are located in groove-like depressions o; in their :
ments; lakes Gruodishkis and Lavysas are related with the areas u?g_
:ry?renic subsidences; lakes Akmena, Galve, Totorishkes occupy  the
535?n5 of camplex origin. The target lskes differ in the size of
thair catchment areas, their physical and 5mographical conditions
ezonomic value, Qater surface ar2as ang merphiometric indices. '
Catchments of lakes Baltas Kauknaris, Duobelis, Lavysas, Gruo-
dishkis are almost entirely covered with forests and lung-Fa;lDu
lands. Highly wooded are the catchments of lakes Dringis and Shakar-
vai. The catchments of the most lakes studied (e.g. lakes Akmena
Galve, Ilgis, Pakasas, Totorishkes) are dominated by agricultura;
mainly arable lands. Besides, the touwn Trakai is situated at
lakes Galve and Tatorishkes. The target lakes represent a recent se-
dimentation pattern of water bodies being fed by ground, river, lake
and atmospheric water; differences are observed in the degree ;F wa-
ter exchange and in the extent of changes due to human impact in
their catchments (Table 1.
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Depending on physical and geographical conditions and intensi-
ty of human impact, the catchments of the lakes are of direct in-
fluence on the formation of hydroedynamical regime and the development

of sedimentation processes. Drainage lakes in the National Park of

the Lithuanian SSR are supplied by the river run-off with suspended

material with its amount ranging from 0.6 to 26.2 t/year/km2
different catchments.

from
The supply with dissolved inorganic material
from the catchments by lake tributaries is fluctuating from 22.2 to
140.9 t/year/kmz, that for inorganic phosphorus, inorganic nitrogen
and orgunic carbon is 0.002-0.053, 0.02-0.67 and 0.06-6.0 t/year/knZ,
correspandingly ( Bacuasyckene u 2P+, 1984). Lakes formed in deep ba-
sins with steep slopes or slopes occupied by arable lands receive
large quantities of terrigenous material (from 15 to 28 t/ha) due to
the influence of sheet and rill erosion.

Lakes fed by groundwater, especially from catchments with sandy-
gravel deposits, receive large amounts of hydrocarbonate and calcium
lons promoting under favourable conditions the processes of chemical
sedimentation, i.e. deposition and accumulation of calcium carbonate
(lakes Baltas Kauknoris, Gruodishkis) (TamouwattTne, Maprumxenene
1976; TamowaliTuc u zap., 1981; TamowaiitTnc n Ap., 1984).

1

A number of lakes is characterized by increased photosynthetic
activities of organic matter producents, i.e. phytoplankton and mac-
rophytes. The research carried out in the lakes of the National Park
has shown that during vegetation period the biomass of phytoplankton
in naturally eutrophicated Lake Gruodishkis fluctuated From 0.7 to
25 g/mz, for lakes Shakarvai and Dringis subjected to remarkable
human impact these values were 0.3-5.7 and 0.6-15.3 g/mz, correspond-
ingly. The accumulation of organic matter shows a good correlation
with the growth of phytoplankinn (TamowafitTice x Ap., 1983).

In the annual course of sedimentation one can distinguish bet-
ween two sharply differing periods: ice-free period with increased
sedimentation and ice-covered period of low sedimentation (Lawacz,
1969; Poccoanmo, 1949; Tamomatranc, Maprunxenene,1976). They depend
on the energy supplied to the catchment and water body, i.e. solar

radiation,and changes both in heat stock of water mass and in trends
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and intensities of production-destruction processes. Detailed stu-

dies on annual sedimentation course allowed us to differentiate bet-

ween four cycles in majority of lakes: winter minimum, spring maxi-
mum, summer minimum and autumn maximum. The cyclic character of the
" 1 L T B e B ; = annual sedimentation course depends on the seasonal rhythms of gene-
= T Ienneeec kil ral natural phenomena and processes occurring in the catchments and
o
- %EN " O commen NN o :‘T limnic ecosystems. -
B o Elgd &0 @ = ™ DA BT R e In shallow lakes winter minimum of sedimentation is cbserved
@ - oL vaen N < from December to March, and, in deep lakes, from January to March.
" ’ R AL R e ? ) The shallow lakes of Lithuania become covered with ice at the begin-
'&zlﬂ\j ® g e cserTEc i ning of December, and the deep ones in the second half of Cecember.
‘Eg“"E S e : E S- Z ::- i‘ :\3 S ; : The share of material deposited during winier minimum makes up from
2 | eenNs g = s s e e’ & 1 to 10% of the total annual amount. Low sedimentation rates are
' 3 R I S SV V- R - Ry characteristic of the open or low-drainage lakes fed mainly by
il = = TR S s ‘f W @ e e s groundwater e.g. lakes Gruodishkis, Duobelis and Lavysas (3.6, 4.2
1‘ - ‘EE‘SNE = P ok B b B B B W o :: and 13.5 g/mz, correspondingly). Rather high rates are characteris-
Il ig *S Bl sl d e e & @ g‘ g: ET: Y tic of the drainage lakes, e.g. lakes Utenis, Pakzsas, Kriaunelis
1 - it PO R A LA e (46.9, 51.2 and 137.7 g/mz, correspondingly). In %he majority of tar-
% 2o ® :E l:; :' :,7; : z g Z,: :;' LL:T :" S{ g} get lakes the smallest quantities of sediments are Formed in Febru-
b -
5 Z EENE E MmN WO Moo @ o ary and, occasionally, .1n uanu?ry or March. In maist cases the mcte-
3 % | & :S E N g} 98 20 We e 5‘ rial deposited during winter minimum is characterized by a high con-
= © tent of inorganic material (67.0-79.0%) (Maprunkenere, Tamowafttuc,
E - ; w8 g ma s uP\ : f: [“ " 1977; TamowafiTnc, MapTumkenewe, 1976; 1979/.
'g ELQ‘ mrNsERERET R = Spring maximum of sedimentation is very intensive and it lasts
%} 3 2™ S0 @ T e N DA A A two months. The amount of material deposited during spring maximum
% Z EIEE UNEB8SRRNE § makes up from 10 to 50% of the total annual amount. The maximum rate
o) B of sedimentation (368.0 and 156.6-182.7 g/mz) is characteristic cf
E E Wisy My g Fp g 3N S oS W the lakes with high water flowage (e.g. lakes Kriaumelis and Dringis,
,EE Eco 6 oodsa caeeeT 8 correspondingly). As the principal source for sedimentaticn serves
E’,ENE R e e B B K = S E: = the material supplied into the lake during spring flood by overland
8 FITETOERRERRST 8 flow and river run-off, accumulated on the ice surface during winter
& period and farmed by abrasion of shores and shallows. In the lakes
§ al o = E o oo fed by groundwater and having overgrown basin slopes only a slight
:é fa 5 £ P E § g JCEj Tc—) increase in sedimentation was observed in spring (Lake Gruodishkis
£ g a u é w53 9 B & 5 8 26.7 g/mz).
0w E4S ENMmaEwmo 2 6
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Bottom deposits of shallow open lakes (e.g. Lake Gruodishkis)

and low-drainage lakes (e.g. Lake Duobelis) are characterized by a
low content of inorganic (7.9-13.3%) and increased content of orga-
nic (55.4-64.4%) matter. Inorganic material dominates in the compo-
sitien of bottom deposits in deep drainage lakes (e.g. in lakes

Shakarvai and Kriaunelis 43.2 and 61.5%, correspondingly) (Maprusp-
renere, Tamowalrmc, 1977; Tamowa’rmc, MaprTunkemeue, 1976; 1979).

Sedimentation rates decrease during the summer cycle of sedi-
mentation in the majority of lakes in the Lithuanian 55R, as compa-
red to the spring cycle. Summer minimum of sedimentation usually
lasts three months (June-August). However, for several lakes,as can
be judged by the amount of sedimentary material, the summer minimum
is sometimes observed in September, too. As the main source for
accumulating sediments, especially for the lakes with summer maximum
of sedimentation, serves autochtonous material - the planktonic or-
ganisms. The processes of chemogenous sedimentation are of conse-
quence as well. The quantity of material deposited during a cycle
varies from 71.7 (Lake B. Kauknoris) to 216.5 g/m2 {Lake Kriaunelis),
this makes up from 15 to 30% of the annual amount ( TamowaliTc, Map-
Tuukenese, 1976, 1979). On the contrary, for the shallow cpen lakes
(Lake Gruodishkis) and low-drainage lakes (Lake Duobelis) as well as
for those fed by the other lakes (Lake Shakarvai) the annual maximum
of sedimentation occurs during the summer cycle. Deppsits settled
there are characterized by the highest amount of organic material
(70.3-77.3%) ( TamoualtTuc » ap.,1984). Despite the intensive bio-
logical processes occurring during the summer cycle, deposits accu-
mulating in the drainage lakes and those fed by groundwater are pre-
vailed by inorganic material (49-64%).

For the majority of lakes, the autumn cycle represents the se-
cond peak of sedimentation in the annual course (Maprumxenene, Ta-
mowakTuc, 1977; TamomaiiTuc, Maprwnxeuewe,1976). Depending on me-
teorological conditions (air temperature) and lake depth, this cycle
lasts for three (September-November) or four months (September-De-
cember). As mentioned above, shallow lakes get often covered with

ice at the baginning of December. During the autumn cyclg, sedimen-~
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tation rate fluctuates from 76 (Lake Gruodishkis) to 668 g/m2 (Lake
Kriaunelis). The greatest amount of sedimentary material is charac-
teristic of drainage lakes fed by river water and those with their
catchments intensively affected by human activities ( Taumowaltuec n

APsy 1981). Sediments in the lakes of various types differ in che-
mical composition; shallow open and leow-rrainage lakes are rich in
organic matter, whereas in deep lakes, zither high-drainage ones, the
content of inorganic material has increased (29.8-64L.2%).

Tu;al annual sedimentation rates show great differences, being
109 g/m“ in the dystrophic lakes fed by bog water (Lake Esherinis),
200-300 g/mz in the lakes having forested slopes and being fed by
groundwater (lakes B. Kauknoris, Ilgis), 300-800 g/m2 in the lakes
situated in the areas of intensive agricultural activities/Jnd more
than 800 g/m2 in the lakes fed intensively by the river run-off.

The studies on chemical composition of bottom deposits have
shown that in the lakes fed by groundwater in the wooded landscape
the formation of recent Lottom depcsit§ depends mainly on chemical
and biological sedimentation. For the lakes with a low content of
HCD; 250-100 mg/1) the mean annual sedimentation of EaCC3 makes up
50 g/m“ at the maximum depth (Lake Gruodishkis), whereas that faor the
lakes with a high content of HCO; (160-250 mg/1) is 80-100 g/mz
(Lake B. Kauknoris), i.e. 20 and 4O of the otol annual zrount, cer-
respondingly. Ir some months, the share of organic matter in Lake
Gruodishkis reaches 56.2-96.1% ( Temomé%?uc " 5p.,1981, 1984).

For the lakes fed by groundwater in the areas of develcped agri-
culture, the formation of recent sediments depends mainly cn mochani-
cal and biological sedimentation. For the lakes at o toun Trakai
(lakes Akmena, Galve, Totorishkes), the share of inorganic {except
Cal) and organic matter makes up 37.0-38.8% and 26.7-L2. %, COrres-
pondingly. Besides, in Lake Totorishkes, the chemogenous s=dimenta-
tion is also very active; the share of CaCU3 accounts faor 35.57%
(MaprruKkenexe, TamowatiTuc,1977).

As for the lakes fed by river water in the agricultural arcas,
recent sediments are mainly formed by mechanical sedimentation  with

inorganic matter accounting for 63.8-79.0% (Lake Kriaounclis).

Academy of Sciences of the Lithuanisn S5.S.R.
Department of Geography
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ITPOLECCH CEIVMEHTALYAM 4 CHOPOCTB OCAAKOHAKOIJIEHWS
B PASHOTUIIHHX OSEPAX

K.C. Tamomaftruc

Pespme

Paccumarpueanreg OCHOBHHE ¢aKTOpH, ydacTeyoume npu gopuupo-
B8HMK NOHHHX OTJOXEHMt ozep. Ouy no cmoemy BO3JENCTBMD Ha cegu-
MEHTAUMOHHHE Npoueccy PaszeranTcs Ha aKTUBHHE U naccusHue. Jla-
Ha oueHka ¢nanxo—reorpa¢uqecxux YCaoBMit HE $opmupoBaHue JOOHHEX
OCanKOB DEYHNM CTOKOM, NOBEDXHOCTHHM CMHBOM u BOBHeitcTBUEM rpyH-
TOBHX BOX. B romosom xome CeINMEHTAUNN BHIEJIEHN AB& DPEeBKO OTJaM-
Japmmecs nepumoma: CBOGOHNI oTO AbI& - IOBHIIEHHO} CeIUMeHTauM
¥ NONMEIHH’ - ¢ HMBKOP CemmMeHTanMe# u 4 umkaa: suMmumH MUHUNMYM
BECeHHu MaKCUWMYM, JeTHuit MUHUMYM ¥ OCEHHMI Makcumym . Kaxgmit un;n
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HEeOLMHAKOBHM KOJMUYECTBOM ocamoyHOTr'O MaTepuala 1

apaKTepusyeTcs
XapaxTepusy -

pasANYHEM XUMUUYECKUM COCTaBOM ¢opuupyxmmxca JOHHHX OCAIKOB.

H ofmerojoBHe TEeMIH ceguMEeHTauud B Pas8HOTUIIHHX o3epax B
a30-

cTaBJIeH
28BUCMMOCTH OT BosAeiicTsus BoAOocGODA /8HTPONOTeHHOro NMpeosp

paHmsa JapIUadTOB U XapakTepa nuraung/ u MopdomeTpuus 03€p.

Axameunsi Hayk JMTOBCKOM CCP,
Ornexn reorpagun
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PALAEOLIMNULOGICAL CHANGES IN THE BYELURUSSIAN TERRITORY
DURING THE LATE-GLACIAL AND THE’HULUCENE

0. Jakushko

Byelorussia is situated in the western part of the East-Euro-
pean Plain. Here proceed the limits of the last two glaciations
(Fig. 1) marked by regular distribution of the main types of re-
lief and lake-river network. Wide distribution of lakes both in the
northern and southern parts of the republic serves as a distinctive
palasolimnological characteristics.

In northern Byelorussia lakes lie within the limits of the last
(Valdai) glaciation. In Byelorussian Polesye water bodies are situ-
ated in the south; they are not related to the glacial formations.
Abundant material (more than 400 gequences has been obtained
through the drilling of sediments of modern lakes. Drilling and com-
mon analyses were performed by the Laboratory of Limnology of the
Byelorussian State University named after V.I. Lenin by different
investigators.

Long-term field and analytical works testify to a young age of
lakes on the territory of Byelorussia (the Holocene or the late-gla-
cial); they alsoc reveal considerable differences in the evolution of
lakes in the northern and southern parts of the republic.

Within the boundaries of Byelorussian lake district the lake
basins were formed mainly by the glacier and its melt waters. The
retreat of the ice cover was accompanied by long-term halts, known
as stages. The maximal distribution of the glacier (the lake stage)
corresponds to the Brandenburg stage; Sventsjan stage - to the Frank-
furt stage, and the northernmost, Braslav stage - to the Pomerian
stage ( flkywko, 1981). tach stage of the ice retreat resulted in
the formation of a specific glacial geomorphological complex com-
posed of marginal uplands, till and outwash plains and lake basins.
The relief of till plains and elevations (Sventsjan, Braslav, Usha-

chko-Lepelsk) is dismembered by numerous closed depressions, occu-
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Fig. 1. Investigated lakes: 1 - Waroch, 2 - Glubelka, 3 ; ?2-
teh, 4 - Batorino, 5 - Myastro, 6 - Meszuszol, 7 - Isno, 8 -Cgu rit-
sa, 9 - kobuzi Mire, 10 - Sudoble, 11 - Koldychevskoe, 12 - Chervono-
ye, 13 - Mokhno.

Hroken line indica .
(Valdai) glaciation, broken-dotted 1in

tes the maximum boundary of the PDDZBFSK?VB
e - Sosz (Moscow) glaciation.

pied by lakes and bogs, often with adjoining kame fields and esker

ridges.
The formati
of Valdaian glacier retreat was caused by damming up of melt water

a more ancient and moraine in the south or by the glacier margin
was

on of periglacial basins, connected with the stages

by
in the north. The retreat of the glacier in the sventsjan stage

followed by the formation of Narotchano-Vileisk, Verkhne-Berezinsk,

Lutchesk and several other shallower periglacial lakes, with their

water level reaching 200 m a.s.l. At the highest lake level moraine
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uplands looked like large islands, with their shores being subjected
to intensive abrasion. Within the boundaries of Byelorussia the main
runoff from periglacial lakes of the Sventsjan stage was direc-
ted to the south towards big rivers, such as the Dniepr, Beresina and
Niemen. The direction of the efflux was predetermined by the system
of water gaps, the latter being often distinctly marked in the relief
as narrow troughs with paludified bottoms. In other cases the runoff
was parallel to the margin of the glacier. The speed of the stream
decreased and marginal (glaciosubsequent) valleys were formed. Their
Fagmation showed that the territory had a general tilt to the north-
west.

As a result of the retreat of the ice margin to the limits of
the Braslav stage (17,000-16,000 B.P.), several water bodies, such as
the lakes Disnensky, Polotsky, Surazhsky a.o. located at a lower
hypsometric level in comparison with the previous ones, were formed
to the south of the margin. At the maximum stage of evolution the le-
vel of Lake Disnensky-Polotsky reached 155-160 m a.s.l. It was just
at these heights where the abrasional coasts preserved. ODuring the
northernmost stages of the glacial retreat (beyond the boundaries of
Byélurussia) the absolute heights of periglacial lakes continued to
decrease, as if following the glacier up to the Baltic Sea.

Taking the maximum level of periglacial water bodies of the
Braslav stage equal to about 155 m one should assume that lake wa-
ters penetrated periodically into till plains and uplands. The lat-
ter emerged from the fresh-water "sea" like insulated rocks. That

brief period of maximum flooding when morainic material occurred in

frozen state, has left behind a thin layer of sandy silt and clay de-
posits, which form a peculiar accumulative plane composed of vast
flat areas representing the transitional zone between the highest
peaks of the elevations and the basins of modern lakes. Temporal wa-
ter covers and slow streams couldn’t cut into the ice-bounded till
and thaw the ice buried in the basins (Fig. 2).

The runoff from the lakes of the Braslav stage to the south was
limited by its high watershed. Nevertheless, the movement of the wa-
ter in this direction was evident in the district between the Oniepr:
and the Dvina rivers fgom Lake Surazh; the water flew along the an-
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2. Hypsometric profile of the western part of Byelorussian
Lake District. Legend: 1 - buried ice, 2 = periglacial water-
level, 3 - contemporary lakes.
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cient Ulla and Usveika valleys, through the basin of Lake Selava to
the system of the Dniepr River. An intensive runoff from the‘peri-
glacial lakes of the Braslav stage is connected with the formation
of the Zapadnaya (West) Dvina River water-gap which crosses the Baltic
morainic ridge between Kraslava and Daugavpils. Simultaneously with
the Zapadnaya Dvina cutting in, the period of the most extensive
flooding of the territory was over, the waters rushed from the up-
lands due to natural inclination to the north-west. Numerous deep
hollows, formed by melt-water runoff look nowadays like dry valleys
"hanging" over contemporary lakes. If these lakes existed at that
time they should have inevitably been drained, because of their hig-
her hypsometric pasition in comparison with that of Lake Disnensko-
Polotsk  situated to the south of them.

Serving as the basis of the stream erosion and accumulation of
river load, the periglacial water bodies have piled up thick layers
of clastogenic sediments, derived from abrasional and solifluctional
material, coming from the surrounding uplands. The character of sedi-
ments witnesses about very cold periglacial conditions of sedimenta-
tion. In the water bodies of the Sventsjan stage prevail sandy and
sandy-silt sediments, whereas those related to the Braslav stage and
being deeper and older, are dominated by varved clays and clayey se-
diments.

The retreat of the glacier margin to the north-west, and sharp
reduction of water feeding resulted in sinking of the level of peri-
glacial water bodies. In the middle of the late-glacial (Ulder Dryas,
Allerdd) they were transformed into flat-concave lowlands with rare
shallow-water lakes of residual type. In the current geomorphological
complex of Byelorussian lake district, modern lakes are situated ge-
nerally within moraine uplands and till plains forming thus a higher
level in comparison with the periglacial ones. Several types of con-
temporary lake basins may ‘be distinguished. The largest lakes (lakes
Narotch, Drivjaty, Mjadel, Osvey) are situated in the dammed basins,
being assymetrical and rather shallow. They lie in the proximal part
of the marginal zone or between moraine ridges. 5ubglacial basins
are widely spread in marginal parts of glacial complex. Not large in
area, they are remarkable for their depths (40-50 m) and were formed
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by glacial exaration and erosion of subglacial streams (e.g. lakes
Dolgoe, Bolduk, Soro, Ginkovo, Vetchelje and others). They are elon-
gated in the direction of glacier movement.
Small lakes in evorsional basins are deep. Their formation is
due to melt water, falling from the height (e.g. lakes Rudakovo,

Svetloe, Voronets, Zhenno). In many cases evorsional hollows form

the deepest parts in the basins of other types of lakes (fAKyWKo971).

The formation of complicated glacial basins is related to the
processes of erosion, thermokarst and evorsion evoked by the relief
surface inversion, while the glacier moves along uneven surface. Nu-
merous crevasses appearing in that case, contribute to the accumula-
tion of loose material and further formation of eskers and kames.
Monolithic ice segments, subjected to melting turned into the lake
pools. Such basins are characterized by complicated shoreline and
variable shape (e.g. lakes Nespish, Otolovao, trivee, Nedrovo).

The basins of thermokarst origin are spread not only in the gla-
cial but also in the periglacial zone of geomorphological complex;
they are related to the melting of ice blocks buried in frozen bed-
rock or degradation of permafrost. In the last case they are small
and shallow.

The study of the basins of modern lakes has revealed a discre-
pancy. Un the one hand they were formed comparatively long ago, in
the epoch of the glacier’s activity, while, on the other hand, they
seem to be outwardly juvenile and well preserved in relief; they are
still considerably deep, with small thickness of mineral deposits,
and they have undergone only slight transformation due to modern

geomorphological processes, etc. Preservation of lakes on morainic

heights and till plains is marked by weak development of the val-
ley network and considerable deepening of the lake bottoms which oc-
y deep hollows even in watersheds. The above peculiarity allows

pose that in the epoch of the glacier melting and maximum
filled

cup

to su
inund:tinn of the territory the basins of modern lakes were
with the masses of ice and frozen deposits, i.e. they were in “pre-
served" state. Only during the general climatic amelioration at the
end of the late-glacial and in the early Holocene the first lakes

appeared in the basins recovered from ice. Only comparatively late
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sinking of basins in glacial relief can account for the good pre-
servation of lake basins.

Thus, on the territory of Hyelorussia the beginning of the
late-glacial (15,000-13,000 B.P.) was characterized by cold arctic
and subarctic conditions. Drainage of periglacial water bodies and
lack of lakes on the heights corresponds to the "lakeless" pericd of
the late-glacial.

The warm stage of the Allerdéd affected the course of palaeo-
limnological processes, as a whole. The warming up of rocks and de-
posits resulted in considerable reduction of frozen soils, partial
melting of buried ice and appearance of shallow cold lakes with high
hypsometric level in glacial thermokarst hollows. The development of
solifluction prncésses contributed to remarkable input of loose ma-
terial into lake basins. This material together with the products of
abrasion gave rise to lake sediments. High ground water level under
warm climatic conditions accounted for the development of chemical
weathering and input of dissoluble mineral substances to the primary
oligotrophic water bodies. As a result, not only typical clastogenic
sediments were found in some lakes, but also sediments with remark-
able concentration of chemogenic component on account of calcium
carbonate (carbonate clays in Lake Narotch). A thin peat layer found
in some stratigraphical sequences, dates back to the Allerdd in dam-
med lakes and to Preboreal in glaciogenic gorges (L. Krivoe 102802
110 years). Its formation may be related to the time when the basins
got free from ice and the peat layer, formed on the surface of fro-
zen soils,sank to the bottom of lake basin. Peat, overlain by sap-
ropel on the bottom of lake basins, testifies also to the arid cli-
mate of the late-glacial and sharp reduction of the number of lakes
(Fig. 3).

Ennsiderabie input of terrigenocus and chemical material as well
as weak competition between thermophilous species of flora and fauna
favoured the development of 1life in young shallow oligotrophic lakes.
It accounts for the outbreak of diatomaceous flora at the end of the
late-glacial (Allerdd). 180 and 216 taxa of diatoms were found in
the deposits of that age in L. Narotch and L. Glubelka, correspaond-
ingly ( fAxkymxo, 1975).

—
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2 - lacustrine clay, 3 - clay ooze, 4 - sand ooze, 5 - lake marl, 6 - mixed
sapropel, 7 - siliceous sapropel, 8 - sand, 9 - peat, 10 - sapraopel.

Chronology of lakes in the Byelorussian Lake District. Legend: 1 - lake lime,

Fige 3
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Urief but considerable cooling in the Younger Dryas was reflec-
ted in stratigraphical sequences by accumulation of a thin
sandy deposits.

layer of

Further amelioration of the climate at the beginning of the Ho-

locene gave rise to specific processes which became evident in the
- In the northern part of Hyelorussia the glaciokarstic proces-
ses and final formation of lake basins took place. As a result of

this process and remarkable aridity of the climate

Horeal

the lake
sank, it was accompanied by simultaneous deepening of lake
(Fig. 4). The cusp of a high erosion terrace (more

level
basins

than 10 m in
height) was finally formed on lake slopes in the Horeal.

AL B0 AT s8 SH

Fig. 4. The scheme of fluctuation of lake levels in Byelorussia.

The typical features of young basins of oligotrophic type ap-
peared in the sequences of lake deposits in Preboreal-Boreal times.
Preboreal time is characterized by the accumulation of terrigeneous
sandy-clayey deposits, often containing carbonates of chemogenous
origin. It refers to the warming of climate, melting of frozen sedi-
ments and intensification of chemical weathering. Under Boreal con-
ditions these processes became even more intensive. Low lake level,

increasing input of carbonate matter into sedimentation basins con-
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umulation of carbonates in the water, especially
A sharp reduction of input

tributed to the acc
in the lakes with inconsiderable outflow.
aterial was probably caused by the latter process.

characterized by

of siliceous m
The lakes formed were rather deep and warm

oligotrophic and mesotrophic conditions. Oxidation under the condi-

tions of insufficient carbonic acid saturation of water resulted in
the accumulation of carbonates into sediments. The carbonate layer

(CaCU3 50-80%) found in most of the profiles should be referred to

the Boreal stage. In the Horeal the accumulation of carbonates was

most intensive in the western part of Byelorussian lake district,
where it has 1n places continued up to our days (lakes Narotch, Glu-
blja, Mjadel). In the eastern part many sequences are characterized
by the absence of a lake marl bed, but at corresponding depths there
are sediments with higher ( 25%) content of CaEDs. These peculiari-
reflect considerable maintenance of carbonates in tills in the
nted out that carbonate

ties
west of Byelorussia (20-30%). It should be poi

layers in lake deposits, dating from Preboreal and Boreal times, is

mentioned by several authors in the Baltic Republics and Poland. At

present carbonate formation is still in progress,indicating to high
carbanate content in tills ( F'apyHKWTHC,
cterized by poor diatom flora in accordance

1970; Wieckowski, 1966) .

Boreal time is chara

with the composition of sediments and jnconsiderable transportation

of siliceous matter.
The Atlantic period is associated with the climatic optimum and

In northern Byelorussia the outflow from lakes in=-

higher humidity.
of salts concentrated

, as a result the potential output

creased, and
ate, favourable for the

lake water increased as well. Mild clim

in
ated the process of natural

development of water organisms, acceler
eutrophication and changed the ratio of the main compounds of bot-
se of organic matter. In sequences

tom sediments towards the increa
to the

r consideration the transition

of the majority of lakes unde
f siliceous sediments

Atlantic period was marked by the appearance O
pue to intensive input of clas-

1 the number of diatom taxa increased in comparison

with high amount of organic matter.

togenic materia

with the Boreal flora.
In Subboreal time the climate turned graduall

y more arid,former
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temperature regime preserved. Climatic changes caused the lowering
of the ground water and lake level. At the same time river channels
cut into flood-plain alluvium and formed cusps of the lower (accumu-
lational) terrace of contemporary lakes. In spite of arid climate
the amount of organic matter continued to increase in bottom sedi-
ments. Autochthonous processes connected with intensive eutrophica-
tion of water bodies and impoverishment of sediments in the catchment
area with carbonates prevailed. O0Only in some lakes in western parts
of the lake district the accumulation of carbonates is still observed
in sublittoral zone. The deepest lakes which released ffam the ice
rather late have retained oligotrophic regime, and clastogenic type
of sedimentation.

The last stage of the Holocene - Subatlantic - is characterized
by a certain drop of temperature and increase of humidity. Climatic
alteration caused the rise of ground water level. The signs of trans-
gression appeared in lakes, accompanied by partial flooding of litto-
ral zone. In the shallow part of a basin underwater accumulative
terrace was formed. Siliceous-rich sapropel with organic matter more
tharn 20% was formed. Mesotrophic lakes are characterized by clayey
and carbonaceous sediments. The rise in water level, increase of
their flowing capacity influenced the diatom flora. In the sediments
of L. Glubelka of that time 85 taxa are found, in L. Narotch -nearly
60 taxa. Simultansously with the transgression of lakes, shallow wa-
ter bodies fulfilled with sediments were subjected to intensive over-
growingand they became dystrophic.

Evolution of the lakes of Polesje has genetic differences with
respect to the lakes situated in the north. However, modern investi-
gations do not confirm the above point of view about the relict cha-
racter of Polesje lakes. In investigated stratigraphic seguences of
lakes in Polesje the Valdaian sediments were not found. All the se-
guences are of the Holocene age and they overlie thick sandy beds
that testify to a "nonlake" stage in the late-glacial.

Externally stratigraphic sequences of modern lakes of Polesje
resemble those of lake district, however, the conditions of sedimen-
tation and age of sediments differ greatly. At the bottom of sequen-

ces medium-grained quartz sand is frequent. The poorly decomposed
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pasHEe 3TanH MO3NHEAeJHUKOBBA U rosoneHa. Ha OCHOBAHMM KOMI-—
JEKCEOTO 8HAJMB8 OSEPHHX oTJOoXEeHMH yCTaHOBAEHH XapaxkTep cenu-
MEHTSOMM 4 BO3pacT OC8LKOB Ha $oHe OoOmUX NPHPOSHHX 3aKOHOMED-
Hocre# TeppuTopHn. OCHOBHHE BHBOAH B cxaroit ¢opMme NpeAcTaBAC-

BN B Tabampe.
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THE EVOLUTION OF MODERN LAKES IN SMOLENSK REGION

A. Kremen, E. Malyasova, V. Shkalikav

In order to compare the role and importance of natural and
anthropogenic factors in the development of lake ecosystems and to
evaluate the rate of eutrophication processes one should have complete
knowledge both of the original state of basins before human impact and
their development in time. For these purposes bottom sediments serve
as an important source of information. We have investigated stratifi-
cation of bottomset beds in the lakes Mutnoye, HKasplya, Zalubische,
and in the mire Chistic located within the limits of the Valdai gla-
ciation (Smolenskoye Poozerye). Analytical data on botanical composi-
tion of peat, granulometrical and geochemical evidence and pollen and
spore diagrams for a number of mires,su&h as Gubinskoye, Vyalkovskoye
and Barsuchky have been also used. The results of these complex in-
vestigations have been partly published. The present paper attempts
to systematize the available palynological and other data for all the
sections studied, and on this basis, to evaluate ihe evolution of mo-
dern lakes in Smolensk region, varying in topographic infancy.

At present in the area of Poozerye there exist nearly 90 glacial
lakes (60% of all the lakes of the region) with the total area of about
60 km2 (90% of the total area of the lakes). These lakes are characte-
rized by different trophic state.

As compared with the Moscow glaciation region where lakes occupy
n,01-0.04% of the area, the lakes of Poozerye cover 0.4-1.0% of the
territory. The peat-covered area is also larger: it makes up 5.3%,
the average for the region being 2.7%. The thickness of lacustrine
deposits ranges from 4 to 8 m, seldom more.

The development of Poozerye lakes is closely connected with the
history of the Valdai glaciation in this territory.

From gecmorphological point of view the Poozerye lakes are cha-
racterized by the occurrence of end moraines and abundant depressions
which have promoted the accumulation of glacial meltwater in them.Due
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to the prevalence of hills the Valdai glaciation did not practically
influence the change of the lakes in the Moscow glaciation region.The
rivers had well-developed valleys which favoured the withdrawal of
glacial meltwater. On the basis of the investigation of peat land
with lake deposits (sapropel, silt, carbonate deposits) we can con-
clude that the territory of primary lakes in Poozerye made up 4% in
the Holocene, and 1% in the Moscow glaciation region. Out of 23 types
of mires which we have chosen in the north-west of the region, 14
mires were formed on the place of former lakes. These data agree with
the results obtained for Byelorussia, the Baltic Republics and other
neighbouring aress,where glacial lakes have often served as a 'hot-
bed" of the peat land formation. (HoHoliko, 1970; TawmowaliTmc, 1970;
(Iuppyc et al., 1975; JlecHeHko, JicaueHkoB, 1983).

Relict lakes prevail in the Mossow glaciation region. At the
same time 17 types of mires (out of 22) were formed 1in the place of
former lakes. The majority of lakes is small, located in river val-
leys prevailingly. In the main, these are floodplain oxbow lakes
and also small erosive basins adjacent to river valleys or river ter-
races. The lake basins were considerably deep, and recharged by
ground-and flood waters. Lake deposits are represented by silt and
sapropel with a high mineral content. The thickness of the deposits
is about 6 metres. The valleys of the Sozh, Vikhra, Iput, Khmara,
Voptza and other rivers are rich in former oxbow lakes with their de-
posits being represented mainly by calcareous gyttja. Underground wa-
ter, formed in the bedrock from limestone, chalk or in Quaternary de-
posits rich in calcium, is of great importance in the recharge of
these lakes.

Un the whole, the lake deposits of the Moscow glaciation region
are more mineralized. Calcareous sapropels, intensively deposited du-
ring the Atlantic period ( Munkuna, 1956; Cagom, 1963) are more fre-
guent.

The stratigraphic investigation of lake and lake-and-mire depo-
sits permits us to determine the pecularities of their accumulation
in the basins of the Moscow and Valdai glaciation regions.

The comparison of stratigraphic diagrams of bottomset beds in

Poozerye, the northern part of Byelorussia and the Baltic Republics

=203~

shows the common trend of sediments genesis and its synchronity
(Sxkywro, 1971; Baprom, 1963; lapynkwruc, 1970; Jhokene, 1983).
The Poozerye lakes have typical pollen and spore spectra.

The infilling of Poozerye lakes basins with deposits started in
the late-glacial period in the BGlling interstadial ( 'puuyx , 1961),
and Allerdd ( Kpemerb, Maascoma,1968). These deposits are a characte-
ristic feature of primary oligotrophic basins. At the early stages of
evolution (88lling, Allerdd) clayey gyttja, sandy and argillo-silty
accumulated in the lakes. Allerdd deposits (Lake Mut-
noye) are represented by black silicic gvttja interstratified by

deposits

slightly decomposed peat.

At the beginning of the Holocene (Preboreal and Boreal times),
with the graduzl rise in temperature and prevalence of oligotrophic
and mesotrophic regimes, silicic silt enriched by calcareous mate-
rial and lakemarl with Ca0 making up 42% ( Kpemens, 1970) was depo-
sited in the lakes.

The warm and humid climate of the Atlantic period promoted the
deposition of the silicic gyttja with é higher organic content in the
basins. Under the conditions of increasing humidity, at the eluvium
acid stage there begins the intensive iron migration and its intense
inflow into the basins. The content of Fe in Atlantic deposits rea-
ches its peak - 14% F8203. During that period the thickest layer of
deposits accumulated (IpmGosckas et al., 1971).

ODuring the Subboreal period with its relatively dry’climata the
process of natural eutrophication of lakes, which had begun in the
Atlantic period, was in progress resulting in the accumulation of or-
ganic matter in deposits. During the period the content of Ca0, MgO,
R1203 and especially that of F9203 reduced. Si, Fe and Ca served as
prevalent elements. Organic matter content in Subboreal deposits
reached its maximum.

During the Subatlantic period, characterized by certain fall in
temperature and the rise in humidity the lake eutrophication pro-
cess continued leading to further deposition of organic matter (or-
ganomineral and organic sapropels). The deposits of the period were
characterized both by the reduction of SiDz, F9203 and Alzu3 contents

and increase in Ca0 and MgO contents.
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The earliest deposition in the basins of the Moscow glaciation Table 1

region started in the Allerdd.

The intensity of the genesis of lake sediments varied in time.
By calculations, the absolute age of the limits of climatic periods SEDIMENTATION RATES IN THE LAKES AND MIRES OF SMOLENSK REGION
was taken according to Khotinsky (XoTmuckmit, 1977). The average
standards of deposition for different Hulocene periods range from 0.7

to 1.2 mm per year (Table 1). These estimates are close to the ave- Region Lakes,  Peri- Absolute Du;atiun Thickness  Sedimenta-
rage accumulation rate of organogenous and organomineral deposits in mires ods :ggr;§" ;;:rs) :Itgepg; tion rate
the lakes of Byelorussia and the Baltic Republics ( fAkywko, Buaacos, ’
g 1981; [mppyc, 1975;fkoBxeBa, 1981) . ’ : . 3 4 & e ) 7
;n general, the sedimentation standards for lacustrine silt of sA 2500 150 0.06
Poozerye correspond to the Holocene climatic change. Thus, the accu- SB 2500
mulation of organic matter increases from the Preboreal and Boreal 5000 2500 165 0.066
periods (Lake Mutnoye, 25-30%) to the Atlantic period, when it rea- Lake AT 3000 330 0.11
ches its maximum: 75-97% (Lakes Kasplya, Zalubishche, mire Chistic. Mutnoye 8000
By the end of the Middle and in the Late Holocene the sedimsntation (centre) BO 1600 30 0.018
rate has somewhat reduced making up 40-74% (Lakes Mutnoye, Kasplya, 9600
Zalubishche). In the mire Chistic the prevalence of organic sedimen- PB 760 80 0.12
tation is obvious (92-97.5%) and mineral deposition insignificant du- DR3 10300 10
ring the Holocenme. The most intensive sedimentation (1.2 mm annually) AL 11000 1000 20 0.02
in Lake Mutnoye is connected with the lakemarl accumulation during
the Preboreal (Table 1). SA 2500 40 0.016
The process of sedimentation in the lakes, many of which turned 58 2500
into swamps comparatively gquickly, is also worth of studying. The de- Lake 5000 2500 210 0.084
posits of the mire Chistic in the marginal zone of the Valdai glacier Kasplya AT 3000 %0 0.046
were analysed for these purposes. The mire covers an area of 784 ha, (cantre) 8000
the average depth of the peat deposit is 4.1 m. The sequence in the &0 1600 0 0.043
south-east of the peat deposit reveals: 4.15-4.20 m - sands, 3.95-4 m 9600
sapropel, higher - peat. SA 2500
The pollen and spore diagram for this sequence is typical of the Lake S8 2500 85 0.017
region. The base of the sequence is formed by sands, sandy sapropels, Zalubi- 5000 2500
dated as Allerdd. The sapropel shows that the lacustrine regime ex- shche AT 3000 180 0.06
isted at the beginning of vypunger Oryas. In the second half of the . CEuntred 8000

Late Dryas the lake was overgrown with grass and it turned into a fen.
At the end of the Boreal (3.25 m) eutrophic alimentation was alterna-
ted by the mixed one. In the Atlantic period the accumulation of the
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2 3 4 5 6 7
Mire SA 2500 105 0.042
Chistic 58
(South- 5000 2500 75 0.033
west AT 3000 155 0.051
peri- 8000
phery) BO 1600 20 0.0125
73600
PB 700 30 .71
DR3 10300 20
WAL 11000 1000 15 0.01
SA 2500 50 0.02
Mire SB 2500
Gubi 5000 2500 0.02
ubin-
skoye AT 3000 100 0.02
( 563 ! 8000
entr
‘ BO 1600 100
2600 0.05
PB 700
Mire SA 2500 100 0.04
Barsuchky 5B 2500
(centre) 5000 2500 2.75 0.05
AT 3000 0.05
8000
SA 2500 75 0.03
Mire sB8 2500
Vyakov- 5000 2500 225 0.04
skoye AT 3000
(centre) 8000
BO 1600 100 0.051
9600 -
P8 700
DR 3 10300 25, 0.019
AL 11000 1000
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peat of intermediate type, characterized by a low ash content and a
comparatively low decomposition degree (24-34%), was in progress. In
the middle of the Atlantic (2.5 m) the b9g passed over into the upper
stage with the oligotrophic regime.

In the Subbnfaal period the accumulation of peat (Sphagnum magel-
lanicum) characterized by a low ash content (1.4-1.6%) and a low de-
composition dagiea continued.

The Late Holocene (the Subatlantic period) is characterized by a

one-meter-thick peat layer with an exceptionally low decomposition

degree and, due to the anthropogenic factor, a higher ash content in
the upper layers (2.5-3.8%).

Several lakes, which formed and exist under geological and geo-
morphological conditions close to those of the mire Chistic, are
likely to have undergone analogical deve{upment. In the middle of the
Subatlantic period the human impact appeared. At present its effect
has drastically grown.

The analyzed deposits and pollen and spore diagrams for the mire
Vyaltzevskoye, Barsuchky, Gubinskoye of the Moscow glaciation region,
which developed on the place of the lake basins of short duration
show that in the Poozerye region the deposition proceeded at a simi-
lar rate.

Thus, one can conclude that the complex approach to the investi-
gation of bottomset beds from the comparative historical point of
view permits us to find out the main trends of lakes evolution and
changes in the character of deposition resulting from alterating na-
tural and anthropological factors.

Smolensk Pedagogical Institute
Leningrad State University

All-Union Institute of Hydrotechnology
and Melioration, Smolensk Branch
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YIK 551.8+551.481.,1/474.3/ ‘
9BOJICLMA COBPEMEHFHX O3EP CMOJIEHCKO)I OBJACTY

A.C. Kpemenn, E.C. Manscoma, B.A. lixauxos

Peanme

JapTca pesysbTaTH MCCACAOBAHMS DPABPE3OB JOHHHX OTIONEHMI
pana 08ep # GOJOT /BOSHMKUMX HA MECTe CYIECTBORABIMX 0B3EPHHX
Bogoenon/ CMONEHCKOI o6sacT /30HE MOCKOBCKOrO n BanIaicKoro
cnenenennii/ . OceemaeTcs MCTOpPMS DABBMTUA 03€D B rosoueHe.yge-
JAS€TCA BHUMAHWE MBMEHEHUAM B X8DAKTEDE OCALKOHAKOMJICHUA TOZ
BAUSHUEM AHTPONOI'EeHHOro dakxTopa.

Cuosnesckuit memmucTuTyT,
JleunHrpanckui YyHuBEpCHUTET,
Cmosesckuit BHUNT uM




YIK 55I.8:556.55

IT ToM M3 TPEXTOMHOI'O COODHWKA COIEPRUT MATEPHAJH [6 .
o3epaM Cemepo-3anama CoBeTckoro Cowsa, KOTODHE GHJM HONY—
YeHH 1O mpoekTy % 158 MexmyHapomsoil IPOrpaMMH T'EOJNOITIEC—
Koit Koppeasim, PaccMaTpuBanTCA MeTOOWYECKUE MPOCTEMH H3y-
- YeHUA O3EepHHX OTJIOXEeHMH#, SBOJNIMD 03EPHOTO ©CaITKOHAKOIUIe-
HUA, KoJNeOaHWe YPOBHA BOIH U BOINPOCH MaJEOJUMHOJOTHMU M
MaJe03KONOT N o
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