
Rbl.1.90 

• ~LAEOHYDROWGY E 
OF THE =: -MPERATE ZONE II E ---



I 
UNE 

" " Palaeohydrology 



Academy of Sciences of the Estonian s.s.R. 

Institute of Geology 

International Geological Correlation Programme 

Project Na. 158 

Soviet Working Group 

PALAEOHVOROLOGV OF THE TEMPERATE ZONE 

Val. II - Lakes 

Tallinn "Valgus" 1987 

AI<a~eMIDI Hayx 3cToHcRo~ CCP 
HHCTMTYT reo~orim 

CoBeTc:KaR pa6o~aR rpyrrrra rrpoeKTa J 158 
MeJK,eyHapo~Hoi rrporpaMMJ,1 reo~or~ecKo~ KoppeJI.RJ.Um 

ITAJIEDI'l1,1lPOJIOTIIH YMEPEHHOtl 30:!ill 

II TOM - Osepa 

Eesti 
Teaduste ldrndeemia 
Geo:oogia l n.:.; rituut 

,~') .?..J~t .. 

TannMH "Banryc" 1987 



551.49 
P07 

Edited by Anto Rsukas and Leili Saarse 

English text revised by Helle Kukk 

Cover by H. Pu.zanov 

p 190i0t0000 - 225 Tellitud 9 2 15} - 87 @Academy of Sciences 
of the Estonian s.s.R., 1987 

&rnYl!leHo no ~aKa~y Axa~eMMM HayK 3cToHcxoij CCP 

CONTENTS 

Saarse, L., Raukas, A., Kvasov, D. Preliminary results of the 

investigation of reference sites and type regions in the 

European part of the Soviet Union•••••••••••••••••••••••••• 9 

Aleshinskaya, z., Gunova, v., Leflat, o. Bottom deposits and 

palaeolimnology of Lake Nero••••••••••••••••••••••••••••••• 34 

Ekman, I. Minor lakes of Soviet Karelia ( age, types and com-

position of sediments, geographical demarcation) •.••••••••• 43 

Davydova, N., Subetuo, D. Sadiment,sequence of Lake Ladage••• 64 

Lesnenko, V. Evolution of lakes of Pskov region in the Holocene 72 

Rouk, A.-M. Physiography of the central part of Saadjarv drum-

lin field with special reference to Lake Raigaatvere and its 

surroundings••·•••••••••••••••••••••••••••••••••••••••••••• ~~1 
Pirrua, R., Rouk, A.-M., Liiva, A. Geology and stratigraphy of 

the reference site of Lake Raigaatvere in Saadjarv drumlin 

field • • • •. •. • • •• • •. • • • • • • • .... • • • • ... •. • •. • •• •. • • • • •. • • • • • • 101 
Punning, J.-M., llomets, M., Koff, T., Paap, U., Rajamae, R. 

On the development of Lake Umarjarv ( NE Estonia) in the 

Holocene•••••••••• • •••••••••••••••••-•••••••••••••••••••••• 123 
.... _ -~.,I 

Saarse, L. An outline of water-level changes in small Estonian 

lakes•••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Raukas, A., Rouk, A.-M. On the effect of human economic acti­

vities on Estonian lake ecosystems••••••••••••••••••••••••• 147 

Sergeeva, L., Khomutova, v., Trifonova, I. Palaeogeographical 

stages in the development of Latgale UplandsLakee •••••••••• 
Kabailiene; M., Tamoliai tis, J,, Mar.tinkeniene, F •, Vail:viliene,B. 

On formation of sediments and diatoms and pcllen complexes 

154 

in the lakes of the Lithuanian National Park••••••••••••••• 164 



Tamo§aitis, J. Sedimentation processes and rates of sediment accu­

mulation in the lakes of different typa ••••••••••••••••••••• 173 
J akushko, o. Palaeolimnological changes in the Byelorussian 

territory during the late-glacial and the Holocene•••••••••• 185 
Kremen, A., Malyasova, E., Shkalikov, v. The evolution of mo-

dern lakes in Smolensk region••••••••••••••••••••••••••••••• 201 

Co.n;eplK3H118 

Caapce ],A., PayKaC A.B., KBaCOB n.n. Ilpe.n;Bap11T8Jlb­

Hbl8 .n;aHHbl8 06 113yqeHl1l1 TliTTOBblX pa3p830B 11 . paio-

CTp, 

HOB B EBpOIT8HCl<OH qacTl1 COB8TCKOrO COI038 • • • • • • • • • 33 

Anem11HCKBH 3.B., fyHoBa B,C. 1 ]ecjJnaT O.H. loHH b1 e 

0 ca.n;Kll 11 rraJieOJil1MHOJIOI'l1/I O 3Bp a Hep O •. , , • , , , , , , , •, 

3KMaH M.M. Manb!B osepa COBBTCKOH Kapemu1 (Bo3p8CT I Tl1-

!Ibl 11 COCTBB oca.n;KoB, paiOH11pOB8H11B) ,. .......... , • 

UaBN.n;oBa H.H., Cy6eTTO U,A. CBo.n;Hbli CTpaT11rpacjJ11qec­

Kl1H pa3pB3 .n;OHHHX OTJIQl!(BH11il Jia.n;Ol!(CKOro 03Bpa.,,,., 

J!BCH8HKO B.K. 3BOJIIOIJ,l1/I 03Bp IlCKO~CKOH o6naCTl1 B rono-

Il,8!18 , •••••••. , , •. , ••••.••.•.•.•...•..•...•..• , , , , 

PhlyK A.-M. '11113!,fqecKaJI reorparp!ll!I IJ,8HTp8JibHOH qacTJ/l 

Caa.n;~HpBCKOrO .n;pyMJIJ/!HHO r o ITOJI/I, 03Bp0 PairacTBBpe 

11 ero 0Kp8CTHOCT'H , • , .................... , ..•.•.• , 

IT!llppyc P.O., PhlyK A.-M ., J!JlliBa A.A. reonormr 11 CTpBT:1-

rpa tpHfI Tl1ITOBOro M8CTOHaxox,.n;eH!1/l: 03epa PaHI'BCTBepe 

41 

62 

71 

80 

100 

B rrp e.n;ena x Caa.n;~HpBC KOI'O .n;pyMJil1HHO ro rro JI/I , ••••• , • 122 

IlyHHHHr e.-M.K., MJIOMBTC M.A., KocjJcjJ T.A., Ilaarr ID.A., 

PaHMHS P.A. 0 p83Bl1THH IDMap~HpB (C-B 3CTOH111l:) B 

I'OJIOIJ,BH8 , ••••••••••••••.••..•..•.••..••••..••• , , , 135 

Caapce JI.A. 06 ,113M8HBHl1H ypOBH/I BO.n;H B MSJiblX 03Spax 

3CTOH!111 146 

PayKaC A. 1 PhlyK e.-M. 0 BJIJ/l/IHHH X03/l:HCTBBHHOH .n;en-

TBJibHOCTH 'IBJIOB8K8 Ha 03BpHb1B 3KOCHCTBMbl 3CTOHHH,, 153 

CepreeBa JI.B., XoMyToBa B,M., Tp11cjJoH0Ba M.C. Ilaneo­

reorpacjJ11qecKJ1IB sTarrbl pa3BHTH/l: osep JlaTraJibCKoA 

B03BblillBHHOCTIII (BoCTOqHaH JlaTBHJI) •• • • • • • • • • • • • • •• • 162 



Ka6aifJieHe M., TaMOIDSHTlfC IO., MapTHHKeHeHe i., 

BaAqBHJISHe E. 0 ~OpMHpOBSHHH OCaAKOB, ~ll!STOMOB&X 

H ITHJihQSB&X KOMITJl8l(COB B 03epax ~HTOBCKoro HaQHO­
HSJlhHOro napKa .................................. 

TaMomaifTMC ID. ITpoueccli ce~HM8HTSQKH H CKOpOCTh OCSA­

KO!JSK0!1JI8!Jl'lll'. B P83HOTHITH&X 03epax , , , , , , , . , , , , , , • 

ffKyillKO o.i. ITaJieOJIHMffOJIOrHqecKHe H3M8H8HH/l'. Ha TeppH­

TOpHM BeJiopycCMH B IT03AH8JI8~HHKOBbe H rOJIOQ8He ••• 

Kp8M8Hh A.c., MaJIHCOBa E.c. IDK8JllfKOB BA ~B 
• • • " 0 Jl!OQlfll'. 

COBp8M8HHHX 038p CM0~8HCKOa 06JI8CTl'l ............. 

CTp. 

172 

183 

199 

209 

- 9 -

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 vegetationel, 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 European 

part of the USSR the territory of which surpasses the total area of 

West-European countries, according to E. Lavrenko and v. Sochava 

(AaapeHKOj Coqaaa, 1954), the tundr~, woodland tundra, northern,cen­

tral and southern taiga (Boreal), mixed forest (8oreo-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. Berglu~d) in all with 103 reference sites have been suggested 

_(Fig.). 

The Kola Peninsula with the area of 144,900 sq.km locates ap­

proximately 111,600 lakes in the tundra, woodland tundra and northern 

taiga subzones which are characterized by extremely poor mineraliza­

tion of lake water. Most of the lakes are less than 1 sq.km in 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 ere also rich in siliceous muds with fer­

romanganese crusts and nodules in the profundal, those in the sou­

thern part are dominated by peaty gyttja (illTepe:HOepr, 1979). Since 

the Kola peninsula lies north of the limits of calcareous sedimenta-
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Fig. Type regions and reference sites of the European part of the 
USSR. Legend on the page 11. 
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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. Ko- 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- southern 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- Aanisjoki-Suojoki, g- Suna-Shuja wa­

tershed, h- Polovenets Inlet-River Vyg watershed, i- Ladoga basin, 

j- Onega basin, k- Dnega-Ladoga watershed, 1- Vodlozero basin. E -

Estonian SSR: a- North, b- West, c- Intermediate Estonia, d- Cent­

ral-Estonian watershed, e- Peipsi and V6rtsjarv Lowlands, f- Middle 

Devonian Plateau, g- Upper-Devonian Plateau. La- Latvian SSR: a­

Coastal Lowland, b- Kurzeme Uplands, c- Middle-Gauja 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- Zhitomir, c- Kiev, d- Levoberezhnoye; woodland steppe: e- Volyno­

Podolya, f- River Dnieper, g- Levoberezhnaya, h- Central Russian; 

Steppe: i- northern Pravoberezhnaya, j- northern Levoberezhnaya, k­

Donetskaya, 1- Starobelskaya, m- Black Sea and Tauria, n- the Carpa­

thians, o- the Crimea; Mo- Moldavian SSR: 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
1
- tundra, a2- woodland tundra; b- north-western 

lake district: b
1
- lakes of the Valdaian glaciation of northern tai­

ga, b
2
- middle taiga, b

3
- southern taiga, b4- lakes on the catchment 
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area of the Gulf of Finland; c- taiga lakes outside of the Valdaian 

glaciation: c1- northern taiga, c2- middle taiga c
3

- southern tai­

ga; d- lakes on the north-western part of Boreo-nemoral zone: d
1
-

lakes on the catchment of rivers Velikaya and Lovat, d
2

- lakes on 

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- Shombasuo, 5- Solnechnoe, 6- Zarutskoe, 7- Nyhchinski 

mokh, 8- Primorskoe, 9- Nosuo, 10- Mini-Tumba, 11- Rugozero, 12- Pu­

nozerka, 13- Severnoe Sovdozerskoe, 14- Nenazvannoe, 15- Mustusuo, 

16- Verstovaya gorka, 17- Gotnavolok, 18- Dlinnoe, 19- Koppalasuu, 

20- Hiilisuo. Estonian SSR: 1- Harku, 2- Kasmu, 3- Vaharu, 4- Kaha­

la, 5- Karujarv, 6- Tanavjarv, 7- Viitna Suurjarv, 8- Viitna Vaike­

jarv, 9- Laukasoo, 10- Nigula, 11- Raigastvere, 12- Soitsjarv, 13-

Elistvere, 14- Pikkjarv, 15- Visusti, 16- Omarjarv, 17- Saviku, 18-

Paidre, 19- Mahe, 20- Tuuljarv, 21- Vallamae. Latvian SSR: 1- Lu­

bano, 2- Dlinnoe Shidzinyas, 3- Vorkaly, 4- Rudushkoe. Lithuanian 

SSR: 1- Shventele, 2- Shventoi, 3- Sietuva, 4- Tutuvenu tyrelis, 

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 

SSR: 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- Habit, 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- Troi tskoe, 16- Andreyevski Sukhoi Li man, 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 52° 

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 northernmost type regions 

(Ko a-a, 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 aqueoglacial 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 ster·ted in the Boreal (Lebedeva, 1987). 

The stratigraphy of lacustrine deposits has been studied at the boun­

dary of the type regions Ko-a and Ko-j on Kovdor tableland (EBaepoB, 

1983) In the northwestern part of the Imandra lake basin a H .llP•, • 
thick diatomite layer (12-13 m) has been discovered and its bottom-

most part has been studied in detait. 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 lacue­

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 Tar­

ski region (Ko-e) is mostly covered by limnoglacial and alluvia.! la­

custrine 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 was released from ice during tl'le 

Preboreal and Early Boreal only. After the retreat of lee 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 ea the Barents Sea ·coast (~e6eAeaa, 

1983). The vegetation was dominated by birch with pine acting as a 

aubdominant. Due to the climatic deterioration in the Subboreal the 

tundra end woodland tundra area increased end their boundaries shif­

ted southwards reaching their present-day position in Subatlantic pe­

riod (Elina, 1987). 

The Karalian ASSR lies within the northern and middle taiga 

aubzones. It has an area of 173.300 sq.km, the number of lakes 61,855 

with their total area reaching 16,000 sq.km. Typical components of 

the Karelien landscape era coniferous forests, lakes (19.2%) and mi­

res (30%). Masotrophic lakes with medium mineralization degre,e of 

lake water are prevailing. The share of organic matter and organoga­

naoua lacuetrine deposits has increased in comparison with that on 

the Kola peninsula. The main types of lacustrine deposits are _gyttja, 

peaty gyttja, clay gyttja with ferromanganesa crusts and nodules in 

the upper part of sequences ( WTepeH6epr, 1979). Terrigenous deposits 

are found in the littoral zone of large lakes. 

During the previous hundred years the largest lakes, Ladage and 

Onaga, 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 there is almost no material available in 

acianti fie literature concerning the geological history of small la­

kes. The studies on small lakes started only soma years ago in the 

northern and western parts of Karalis in the frontal zone of Salpaua­

selka I and II ( 3KMaH H AP., 1983) . Two main types of bottom depo­
sits have been distinguished: 1) the lakes with continuous sedimenta­

tion and transitional contact between sand, silt and gyttja without 

any traces of hiatus, and 2) the lakes with a sharp contact between 

the minerogenoua and organogenoua deposits, sometimes with a peat 

layer between them (3KMBH HAP•, 1983). The lakes mentioned first, 

are characteristic of glaciodepressiona covered by tillbade,the lat­

ter are located in the kettle holes of outwash plains and kame fields. 

In Karelia, aa in all the regions, once covered by ice, the for­

mation of lake basins ia closely connected with the deglaciation of 

the area. Aa it has been elucidated in the marginal zone of Salpaus­

eelka I the development of lake basins started 10,800-10,700 B.P., 
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in the Salpausselkei II zone - about 9800 B.P. In the hummocky re­

lief, 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. ( 3KM8H H AP•,1983). Due to the above-mentioned rea­
sons only the overgrown lakes and mires (altogether 20) have been sug­

gested ea reference sites by G. Elina. Five type regions (Ka a-a) with 

11 reference sites are located in the northern taiga aubzone with mo­

raine plains, frontal marginal formations, askers 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 ( 3AHHB, 1981) four of these reference sites (Solnach­

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 regions 

(Ka f-1) with 9 reference sites have'bean selected out, among which 

Punozerka, Nenazvannoe, Mustusuo, Verhovoi, Gotnavolok, Olinnoe and 

Koppalasuo are overgrown lakes. The moraine plains with eekere, ice 

dividing aggradational uplifts and limnoglacial plains are the meet 

common relief forms here (Lukaehav, Ekman, 1982). As the main results 

obtained through the investigation of the above-mentioned reference 

si tee are presented by G. Elina and L. Filimonova ( 1987) we would like 

to confine oureelvea with mentioning that the formation of mineroge­

nous deposits started probably in the Allerod (Shomq__asuo, Gotnavolok) 

however, the onset of the accumulation of the organogenoua deposits 

commonly falls into the Boreal, mare seldom into the Preboreal. 

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 lakes resulting from neotectonic uplift of the 

Earth's cruet in the coastal area of t~e Baltic Sea, is also remark­

able. Estonia belongs to the Boreo-nemoral biotic zone of mixed fa-
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rests in the West and East Baltic region with their boundary being 

quite 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 of 

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 Older 

Dryaa (Pirrus,et al.,1987). In Estonian lekea the late-glacial part 

of the sequences is represented by minerogenous deposits,ususll~ by 

grey or greenish-grey silts and sands, frequently laminated by dis­

perasdorganic matter in Allerod and Bryales moss remnants in Younger 

Dryas sediments. The lacustrine sediments are underlain by till, flu­

vioglaciel 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 ere 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 organogenous or calcare­

ous ones. The most widespread Holocene lacustrine deposits here are 

gyttje end 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 la­

kes is usually 3-5 m, rarely more than 10 m (Soitsjarv, Kariste) with 

the maximum thickness reaching 18 m in drainage lake Vaimela. Some 

results of the investigation on Estonian lakes are presented in the 

papers by, R. Pirrus et al., J.-M. Punning et al. and E. Ilvas, 

H. Maemets, in the present volume. 

The Latvian SSR. The lakes, about 3000 in number make up about 

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-
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custrine deposits studied by V. Stelle ( CTe.11.11e, 1966; .llaHM.IISHC, CTe.11-

.11e, 1967) have been formed in the Allerod interstadial (Bata,Shksr­

velis, Dukulupite). The late-glacial is represented in sequences by 

minerogenic deposits, according to T. Bartosh (BapTow, 1976), in 

some places also by calcareous deposits, which at the beginning of 

the Holocene were replaced by organogenous 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-eedge 

peat layer with a thickness of 0.1-0.3 m ( Me*poHc, CTpayMe,1979). 

The most common lacustrine deposits in Latvia are gyttja, peaty gyt­

tja, calcareous gyttja, silty gyttja, lacustrins lime, silt, sand 

and clay, very rarely coarse minerogenoua 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 lacustrins deposits, usually in shallow lakes 

with calcareous-rich sediments in the littoral zone, are characteri­

zed by a distinct .facial transitions of dspoaita from aublittoral 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 ware poin­

ted out (.li.aHMJISHC, CTe.11.11e, 1971). 
Research on lakes and mires in Latvia cams to a standstill in 

the seventies, a new rise was observed at the beginning of 19801ee. 

The researchers from the Institute of Lake Research (Leningrad) per­

formed studies on aix small lakes on Latgals Upland (Sergeava et al., 

the present volume). Unfortunately, only the Holocene part of these 

lake sequences has been dealt with. Ons of the moat profoundly stu­

died lake basins in Latvia is that of Lake Lubanea (Fig., La-a) on 

the lowland of the same name. Aa a result 10 pollen and spore dia­
grams ware compiled and 38 14c datings performed ( H.11beec, Me.ztae, 

1979). The age of 13 dwellings dating back to the Stone age was 
established ( Jloae, 36epxap.ztc, 1983). At the end of the Allerod the 

large limnoglacial water body drained and small residual lakes in­

cluding Lake Lubanaa remained. In the Early Holocene ancient dwsl-
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lings wers 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 ~ue to high water 

level the basin of Lake Lubanas started to overgrow and the dwel-

lings were buried under the peat. 
In 'Latvian SSR 8 type regions with 4 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 siliceous 

(diatomite) deposits ara not typical of this area. The thickness 

ric:h 

of 

lacustrine sediments reaches 38.5 m, being 5-8 m on an average.In the 

majority of lak"es the deposition of lacustrine sediments started in 

the Older Dryas or Allercid (Zhuvinta, Druksniai, Glukas, Varenls,Sie­

tuva) ( Ka6alt11eae, 1959). In the overwhelming majority of lakes the 

late-glacial sediments are represe_nted by minerogenic deposits but 

there are a lot of lakes where peat formed during the Allercid.The Al­

lercid beds rich in plant remains serve as a stratigraphic marker in 

the correlation of different sequences. 
Since the Lithuanian territory recovered from ice earlier than 

the other Bal tic Republics it is natural that the formation nf not only 

organogenous but also calcareous deposits started here earlier - in 
the Younger Dryas or in the Allercid. Intensive calcareous sedimenta­

tion took place in the Preboreal and Boreal periods which in the At­

lantic period in ths majority of lakes was replaced by organogenous 

sedimentation with its maximum falling to the Subetlantic period ( ra-

PYHKIIITMC 1 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. 

Mos tly the data on these reference sites have been published already 

(Ka6a~.11eae, 1969;Ka6ait1Ieae, 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 

wi th dead- ice blocks buried under tills and aqueoglacial deposits. In 

the Allerod the intensive melting of buried ice and sinking of lake 

ba sins took place. Sand, silt, calcareous mud and peat accumulated in 

lak e basins. Pine and birch were spread, and formed evidently forests. 

Du e to Younger Dryas cooling the glaciokarst processes decreased 

and the sedimentation of organogenous-rich lake deposits developed. 

Minerogenic sedimentation in lakes represented by silt, send and clay­

ey deposits continued. In the local vegetation the forestless commu­

nities were prevailing with sparse birch. Diatoms were dominated by 

Fragilaria, Navicula and Amphora sp: 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 e 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 t:loreal - from pine and hazel. The amount of diat-oma and their ta­

xa, especially planktonic algae decreased, referring to the lowering 

of water level in lakes. During the Atlantic period the formation of 

gyt tja 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 wee abundant. Broad­

leaved trees reached their maximum. In the Subboreal the accumulatipn 

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 contemporaneous increase in hazel and afterwards in 
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spruce. During the Subatlantic period the above-mentioned 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 <Ha6aiiJieae _, 

1%9, 1983, etc.). 
The Kaliningrad province with area of 15,100 sq.km located on 

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

well. Here one can enumerate about 400 lakes with an area less than 

10 ha. The main stratigraphical and palaeogeographical features of 

five lakes have been studied (IllecTaKoaa,EJioBHqeaa, 1975). Lakes 

Vysynetskoe, 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-western 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-clayey 

deposits accumulated in once formed basins. Like in Lithuania the be­

ginning of the Holocene wee_ characterized by intense development of 

birch as a dominant and pine as a subdominant. The formation of gla­

ciokarst hollows came to an end. Since the two Lithuanian reference 

sites lie quite close to the borders of the haliningrad province they 

characterize the environmental and climatic changes in the haliningrad 

province as well, and for this purpose no special reference site.s 

have been suggested there. 

rest 

The Byelorussian SSR lies within the mixed and broad-leaved fo­

zonas. Here proceeds the limit of the Valdai (Weichselian) gla-

ciation. There are about 10,000 lakes in Byelorussia with an area 

2000 sq.km. Without any doubt, it is the region where lakes have 

of 

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 

lakes, 17 altogether, 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 □. 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 (1967), and the 

diatom successiomin the paper by 8. Vlaeov and G. Khursevich (1987). 

The Ukrainian SSR is located beyond the boundaries of the Val­

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

land steppe subzonas. lakes, more than 3000 in number, area 2000 

sq.km1 are located mainly in the northern part of the republic, in 

the area of the Ukrainian Polesye. Beside such large lakes as Svit­

jaz, Pulmo, Somino there are also about 300 small lakes 1.di.th 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 Poleeye region S. Turla and H. 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 assembled in 

river valleys and serve as typical oxbow basins. So it is quite 
natural that 10 mires have been suggested as reference sites for 
this area. The thickness of peat dep~sits 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 Allerod, that of the mires Vily and Mokhovatoe 

- to the Atlantic. The dev~lopment of mires has bean dealt with on 

the basis of palaeogeographical evidence by Artjushenko et al. ( Ap­

Tlllll8H KO lit ,11,p • , 1984). 

The lakes of the Polasya region have been studied by A • .Artju­

shenko (ApTlllll8HKO, 1975) and the following survey is based on her 

paper. As it was mentioned above the lakes in the Polasye region are 

shallow, 1-1.5 m in depth, the basins are fulfilled with deposits up 

to 14 m in thickness and all these lakes are at the latest stage of 

overgrowing. Often the water surface is carpeted by plants and lit­

toral zones are rich in macrophytes. The bottomset beds of the lakes 

·Makovich, Svjate-s and Hobi t consist of Alnus, Quercus, Ulia,Corylus 

pollen w1 th the admixture of f'ic,ea. Such pollen composition with Ar­

tamisia, Chenopodiaceaeand Ephedra corrasponde to mixed fo:reats. Du­

ring the Allerod the pine-bi=h-oak forests ware widely spread in 

Polesya. lakes blllre shallow with quaking Hypnum carpet and moderate 

planktonic diatoms (less than 15%). In the Early Holocene the wes­

tern part of Polasye was covered by pine-birch forests with steppe 
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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

koa and Ostrovenakoe were filled with water. In the Middle Holocene 

the area of broad-leaved forests widened and they spread all over the 

Northern Ukraine. According to macrofoesil analyeie the share of 

Hypnum,Sphaqnum, Graminae, Carex, Phragmitee, Scheucheria, etc. was 

alao remarkable. The number of planktonic diatoms diminished down to 

their complete diaappaaranca. Lake sediments were represented by pea­

ty gyttja with Hypnum, Phragmltae, Carex, etc. remnants. The next 

rise in water level occurred in the Late Holocene. The quantity of 

plant remnants (Nymphea, Potamogeton, etc.) increased, the blue-green 

algae disappeared and once more the number of planktonic diatoms in­

creased . Paludification of lake basins wee 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
TDUeHKo JI ,llp. t 1984). 

In view 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 

smeller units within them have been distinguished a<BacoB, 1987).The 

overwhelming majority of lakes are located in the area once covered 

by lea, in steppe, woodland steppe and steppe-desert subzones there 

are e few lakes left and several of them with brackish water. The for­

mation of lakes of this area continued and came to en end at diffe­

rent time, mostly between 12,000 end 8000 years B.P. in connection 

with ending up of glaciokarst processes. 

The lake district of the Fer 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 Use, Pechora and 

Tsilma in the south. This area was covered with inland ice,which re­

treated rather slowly et the end of the Preboreel. There are a greet 

many lakes left in the Bolshezemelekaya end Malozemelskeya tundra re­

gions due to permafrost pattern and disjointed relief, especially in 

the lee marginal zonae. In the coastal area of the Barents See the 

relict coastal lakes, lately iso1atad from the saa1ara common. Their 
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deposits are represented by gyttja, clayey and sandy deposits with 

ferromanganese crusts. Unfortunately, those layers haven't been 
jec ted to stratigraphical studies so far. 

sub-

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

zone of Valdai glaciation along a line which runs through Pskov,Sta­

raya Russe and Vesegonsk and coincides with it in the south-east. In 

this district several smaller unite have been differentiated , first 

of ell the largest lake basins, such as those of Onega and Ladage, 

big lake basins, such as Peipsi and Ilmen on the watershed of the 

Gul f of Finland, and lakes Balas, Kubenskoe, Vozhe and Lecha on the 

watersheds of the rivers Sheksna, Sukhone, and Onega. Geological his­

tory, bottom deposits and sedimentational peculiarities of these la­

kes have been studied in detail, - but because of their large area 

the y do not meet the demands of reference sites. L~kes on the low­

land, on the watershed of the Gulf of Finland (Fig., R-b
4

) are scat­

tered over the territory wast and south of Lake Ladage. □n the Kare­

lian Isthmus there ara ,approximatel~ 700 lakes, out of which the la­

kes of Krasnoe, Lopata, Glukhoa, Vuokse, Blegodatnoa, Vishnavskoa 

and Malas Kirillovskoa have bean subjected to stratigraphical stu­

dies CMaAHCOBa,CnMpH,llOHOBa, 1967;M8.IIRCOBa, COKOAOB&, 1967, etc.). 

According to the data obtained late-glacial freshwater bodies exis­

ted hara in which the laminated deposition of silt and clay was fre­

quent. 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 40-50%. Among the grasses the pollen of Artemisia, Chanopo­

diacaae, Gramineaa, Plantago, Filipendula, Ephedre , Helianthemum,etc. 

is remarkable, showing that these sediments arr of the late-glacial 
origin. 

In the Younger Dryas the sparea vegetation with birch shrubs 

and grasses ware spread forming 25% of the total amount of pollen.In 

the Praboraal the intensive distribution of forests began. The nor­

thern pert of the isthmus became covered by birch forests and mea­

dows with abundant Artamisie and Chenopodieceaa in places. The sou­

thernmost part was occupied by pine forests (80% of tha pollen) 

with Cerex, Gramineae, etc. among the nonarboreel pollen (NAP). Due 

to the climatic amelioration in the Boreel the pine expansion conti-
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nued and it occupied vest areas all aver the isthmus. Among NAP Gra-

mineae, Rosaceee, etc. were common. It was every 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 

remained similar to that in the Boreal. In the Subboreal the pine 

curve culminated at the background of the decrease in hazel and 

broad-leaved trees (1•4%) as wall as grasses. The same tendency was 

in progress in the Subatlantic period when pine became again to do­

minate in the forests. 

Lakes in the ice marginal zone of the Valdai glaciation (Fig., 

R-b 1_3} are mostly assembled on the inland heights of Vepsa, Valdai, 

ate. Most of them are comparatively small with the area less than 0.5 

sq.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 deposi 'ts gradually 

increases, but this general trend is interrupted in places by diffe­

rences in sedimentational processes of several lakes. The stpatigra­

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 spore ana­

lysis of lake and mire deposits of the Iksha depression have been car­

ried out py E. Devyatova. 

There are e few lakes in the district of the taiga zone 1 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, Sindorskoe and 

Svatloe (l{op.u;a, 1956, 1959; C11HpH0Ba, 1981, etc.). 
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The southern and eastern borders of the North-West lake district 

of Boreo-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-d 1} 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 Valdai 

ice marginal zone the Heights of Bezhani tski, 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 si­

tes. The beginning of the accumulation of lacustrine deposits is da­

ted back to Bolling and Allerod when the gyttja clay and silts were 

deposited. In sediments of the Early Holocene age the carbonate con­

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 lak es with intensive drainage - 3-5 m (l,!!U91COB8 JI .u;p., 1983). 

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 Tatischevo investigated 

here, are of the utmost importance while studying glacial history of 
the area. 100 m thick core of terrigenous, carbonate and siliceous 

deposi ts, 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 (A~BWHHCKaa, 1974). The area of modern Lake Nero 

is 517 sq.km, average depth 1m, maximum 4m. It is a highly eutrophic 

lake with mineralization of water reaching up to 1000 mg/1 and with 

diatom flora typical of this trophic stage (ryHoBa, ~e~~aT, 1983). 

Still at the late-glacial/post-glacial boundary it was a rather deep 

(ea 20 m) oligotrophic water body with diatom flora typical of peri­

glacial lakes ( AA!!WHHCKBR,lyHoBa, 1975). During the Younger Oryas, 

Preboreal and Boreal 12 m-thick dark grey and calcareous clay 

(Caco3 - 40%) 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 

Allerod with forest communities which degradated in 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-leaved 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 Foresta, 

which in the Subatlantic period were replaced by mixed foreata 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, 801, ATI, SBI) and regressive (8011, 

5811, SA middle) phases in the history of Lake Nero have been distin­

·guished <AABWTIIHCKBR, f'yHoBa, 1975). Transgressive phases occurred 

during the humid and cool climate regressive - during the arid and 

warmer climate. 
In Lake Tatischevo which recently underwent complete drainage 

the sedimentation started at least at the end of the Middle Pleisto­

cene ( CeueueHKO H ,n:p.,, 1981). The maximum thickness of gyttja (40 m 

in Lake Somino) is related to the Holocene ( HeimTa,n:T H ,n:p., 1965; 

X 
K 1977) The lakes Glubokoe, Nerskoe, Beloe and Kosinskoe 

OTH1'CKH111, • 
in the vicinity of Moscow were _also subjected to detailed geological 

and palynological investigations ( IUepOaxoa, 1967; Kop,n:3, 1959; Yc­

neHCKBR, 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 karat processes started. In Smolensk 

region lakes of the Allerod aga have been studied (Kremen et al., 

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

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 

terraces of river valleys . Most of them have overgrown. T. Serebryan­

naya (CepeOpRHH&R, 1976) has studied the stratigraphy of lake depo­

sits on the Central Russian Upland. 
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Steppe zone (R- h) is characterized by a very smell 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 ( BacHAbBB , 1955; Ce111HxaTOB, 1933). 

The thickness of their deposits is over one hundred meters, but their 

s tra tigraphy has not been elucidated yet. 

Summing up the results obtained through the investigation of 

l ake and mire deposits in the European part of the USSR we would like 

t o ou tline the importance of these deposits as they carry the infor­

mation on the late-glacial and Holocene stratigraphy, palaeogeography 

and c limate. In this aspect lake and mire deposits are more complete­

l y investigated in Byelorussia, Lithuania, Estonia and Karalis, where 

t he 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

f ossils, etc.) the environmental reconstructions and the calculations 

of palaaoclimatical parameters are in progress (Klimanov, 1987). In 

compar ison with these, lakes in the north and south of the East-Euro­

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 

t ime a lot of proglacial lakes existed but the ice-free area actually 

l acke d small typical lakes. Lakes Nero, Tatishchevo, 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 □f Sciences of the Estonian s.s.R. 
Institute of Geology 

Academy of Sciences of the u. s.s.R . 

Institute of Lake Research 



- 28 -

R E F E R E N C E 5 

Aleshinskaya, z., Gunova, V., Leflat, □. Bottom deposits and palaeo­

limnology of Lake Nero. - In: Palaeohydrology of the temperate • 

zone. Tallinn, 1987, II• 34 - 41. 
Berglund B.E. Presentation of IGCP Project 158 B. Palaeohydrological 

Changes in the Temperate Zone in the Last 15 ODD years. - Lake 

and Mire Environments. - Acta Universitatis Ouluensis, 1979, No 

82, ser. A, 39-46. 

Ekman, I. Minor lakes of Soviet Karelia (age, types, and composition 

of sediments, geographical demarcation. - In: Palaeohydrology of 

the temperate zone. Tallinn, 1987, II. 43 - 63. 

G The main regularities of the Holocene vegetation and cli­Elina, • 
mate in the east of the Baltic shield. - In: Palaaohydrology of 

the temperate zone. Tallinn, 1987,III, 70 - 86 • 

Elina, G., Filimonova, L. Late-glacial vegetation on the territory 

of Karelia. - In: Palaeohydrology of the temperate zone. Tal­

linn, 1987, III• 53 - 69. 
Elovicheva, v., Bogdel, I. Reconstruction of palaeoclimate and ve­

getation of Byalorussian Holocene useing mire and lake deposits 

data._ In: Palaaohydrology of the temperate zone. Tallinn,1967, 

111. 152 - 166. 

Ilves, E., Maemets, H. Results of radiocarbon and palynological ana-

lyses of coastal deposits of lakes Tuuljarv and Vaskna. In: Pa-

laeohydrology of the temperate zone. Tallinn, 1967,III,10B-130. 

Jakushko, o. Palaeolimnological changes in the Byelorussian terri­

tory during the late-glacial and Holocene. - In: Palaeohydrolo­

gy of the temperate zone. Tallinn, 1987,II, 173 - 184. 

Kabailiena.M. Information on vegetation included in pollen spectra. 

- In: Palaeohydrology 

III, 144 - 151. 

of the temperate zone. Tallinn, 1967, 

Klimanov, v. About ciimatical changes in the northern part of the 

Plal.·n i"n the Holocene. - In: Palaeohydrology of East-European 
the temperate zone. Tallinn, 1967, III, 23 - 37. 

Kremen, A., Malyasova, E., Shkalikov, V. The evolution of modern 

lakes in Smolensk region. - In: Palaeohydrology 
rate zone. Tallinn, 1987, II, 201 - 209. 

of the temps-

- 29 -

Lebedeva, R. Main stages of peat formation in the woodland zone of 

the Kola peninsula during the Holocene. - In: Palaeohydrology 

of the temperate zone. Tallinn, 1967, III• 38 - 52. 

Lesnenko, v. Evolution of lakes of Pskov region in the Holocene. 

In: Palaeohydrology of the temperate zone. Tallinn, 1967, 

II, 72 - 80. 

Lukashov, A., Ekman, I. General information of the geology and geo­

morphology of the Karelian ASSR. - Quidebook for the excursion 

XI congress INQUA. Moscow, 1982, 4-17. 

Pirrus, R., Rouk, A.-M., Liiva, A. Geology and stratigraphy of re­

ference site of Lake Raigastvere in Saadjarv drumlin field. -

In: Palaeohydrology of the temperate zone. Tallinn, 1987,II 

101 - 122. 
Punni ng, J.-M., Ilomets, M., Koff, T., Paap, D., Rajamae, R. On the 

develupment of Lake Omarjarv (NE Estonia) in the Holocene. -In: 

Palaeohydrology of the temperate zone. Tallinn,1987,II,123-136.• 

Saarse, L., Raukas, A. Background to a multidisciplinary investiga­

tion of mires, lakes and rivers. - In: Estonia. Nature, man, 

economy. EGS, 1984, 78-67. 

Sergeeva, L., Khomutova, V., Trifonova, I. Palaeoge□graphical sta­

ges of Latgalian Uplands lakes history. - In: Palaeohydrology 

of the temperate zone. Tallinn, 1987,Il, 154 - 163. 

Tammekann, A. Eesti maastikutuubid. - Loodusuurijate Seltsi aruan-

ded, kd. 39 (1,2). Tartu, 1933, 2-21. 

Tamosaitis• J. Sedimentation process and rates of sediment accumu­

lation in the lakes of different type. - In: Palaeohydrology of 

the temperate zone. Tallinn, 1987, II, 173 - 163. 

Veber, K. Jarvamuda Eestis. - Eesti Loodus, 1970, 2, lk. 111-113. 

Vlasov, B., Khursevich, G. Diatom succession as an indicator of tne 

limnic conditions in the late- and post-glacial period. - In: 

Palaeohydrology of the temperate zone. Tallinn,1987,III, 167-178. 

A~elllJIHCK&H 3.B. IlaAeoreorpa~MQ8CKHe MCC~eAOBBHXH B paAoHe Poz­

AeCTBeHCKOA CTOHHKH Ha oaepe Hepo. - B KH.: IlepsoOwTHWA 
qe~oaeK, ero uaTepMaAbHSH IcyAbTypa M npapOAHBH cpeAa B 

n~eAcTo~eee H B ro~o~eHe. M., KaA• Kr AH CCCP, 1974, 
279-283. 



- JO -

A.11e111Jt1HCKU 3.B., I'yHOBa B.C. ro.11o~eHOB8H HCTOP•• osepa Hepo no 

ABHHJ,D,I conpHxeHHoro aHa.11111sa. - KcTop•a oaep B ro.11oneHe,Te-

8111cH AOKJI. IY BceCOD8H. CHMil. R., 1975, 150-158, 

AJ)Tl>IUeHKO A.T. ITOSAHe- H nocJJeJieAHXKOB8H HCTOpHff oaep 3anaAHO­

YKp811HCKOro IT0.11ec&H /no ABHHW( cnopoBo-nHJibUeBoro, OoTa­

HH<leCKOrO H All8TOMOBOro 8HLII11180B/. - KCTOPHH oaep B ro.110-

neHe. Te8HCH AOKJI. IY BceCODSH. c111un. R., 1975, 144-150. 

ApTDmeHxo A.T., rrapllllll<ypa-Typ.11o c.K., IlapxaueHxo r.o.,Apan P.R., 

Beayc&KO n.r. HCTOPHH paaBHTU paCTHTeJibHOCTZ YKpaHHH B 

ro.11oneHe. - B KH.: 061118a H perHoHaJI&Haa na.11eoreorpa~••• 

K111es, HayK • .zzyuKa, 1984, 104-120. 
BapTOW T.~. reo.11or111a Ill pecypcH npeCHOBOAHHX HSBeCTKOBilX OTJIO­

xeHHM ro.11oneHa. Pxra, 3HHBTHe 1 1976, 258 c. 

BacHJih8B r.A. ~eTsepTH<IHHe OTJIOX8HHS oaepa 3JibTOH H HCTOPIIJI HX 

oOpasosaHHH. - Tp. BHKK raJI;ypr111111, 30, 1955 1 206-223. 

rapyHKlll'l'KC A. UHKJIH<IHOCT~ ceAHMeHTBUHOHHHX nponeccoe B osepax 

RIIITBH. - KCTOPHR oaep B ro.11oneHe. TeaHCH AOKJI. IY Bce-

COD8H, CHMn. R. 1 1975 1 88-84. 
I'yHOBa B.C., Re~JiaT O.H. OneHKa aHTponoreHHoro BOS'AeicTBHff Ha 

08 • Hepo no pesyJibT&Tau reoxHM111qecKoro • a.11bro.11or111<1ecKoro 

aHuxaos. - KcTopu osep e CCCP. TesxcH AOKJI. YI Bce-

coDaH. CHMn. TaJIJIHH, 1983, II, 36 • 
.n&HKlll&HC H.R., CTe.11.11e B.R. CTpaT111rpa~u noaAHe- 111 noc.11e.11eAHH­

KOBHX OTJIOXeHHA B AOJIHHSX BaTa H illKepseJIHC Ill HB<l&JIO Ha-

- 31 -

H.ll&B8C 3., MeHAe R. XpOHOCTp&THrpa~Hg ro.11oneHOBilX 0TJIOX8HHA 3a­

n9AHOff <18CTK }TyOaHCKOA P&BHHHH /JlaTBHffCK&a CCP/. - Hae.AH 
3CCP. reo.11or111a, 1979, 28, I, 26-32. 

KaOaff.11eHe M. ~opu111posaHJ11e cnopoeo-nHJibU9BHX cneKTpoe • ~opux­

poeaHHe paCTIIIT8JibHOCTH. - Tp. KH-Ta reo.11. XI, BHJibHDC, 
1969, 147 c. 

Ka6aA.11eae M.B. Ila.11eoOOT8HJ111eCKBe HCCJI8AOB8HXR oaepHwx OTJIOX9HHA 

111 KJIHM&T, - Kc.TOPIIH oaep B CCCP. TesxcH AOK.11. YI BcecoDBH, 
CM.Mn, Ta.11.11111H, 1983, I, 91-94. 

KeaCOB ~-~- OaepHoe paffOHHP0B8HHe BocTO<IHO-EeponeAcxoA p&BHHHH 

/s npeAe.11ax PC~CP/. - Has. AH 3CCP. reo.11or111H, 1987
1 

36, 
l, 

KOPA3 H.B. B111ocTpaTxrpa~•· OTJJOUHHA oaepa Y~eMeposo Ill OCHOBHHe 

3T&nH ero P88BMTHR, - Tp. Jlao. canpone.11. OTJIOX8HHA, 6. 
1956, 83-109. 

KOP'A3 H.B. 0 Tllnax OTJIOJU!HHA 088P,8 I'aJJJ(<IKoro Hero HCTOpM<1ec­
KOM p88BHTHH, - Tp. Rao. canpone.11. OTJJOEeHHA, 7, 1959, 
106-119. 

RaepeHKO E.M., Coqaea B.B./pe'A./ PaCTHT8JibHOCTh CCCP. IlORCHM­

TeJibHHA T8KCT K re060TaH111qecxoA K8pTe CCCP /e MBCIIIT&Oe 

1:400 000/. M,-R., 1956. 

ReOeAeBa P.M. K KCTOPHH JIBHAWS~TOB KOJJhCKOro IlOJJYOCTpoea Bro­

.11oneHe. - B KH.: ITPHPO'A& Ill xoaaffCTBO ceeepa. MypMBHCK, 
1983, BHn. II, 8-II. 

KOnJieHHR B HHX opraHoreHHOro M8Tep111a.11a. - BonpoCH qeTsep- "Rose H., 30epx:ap'AC r. 0CHOBHHe aTanw p&SBHTMR III OCB,ltKOH8KOilJie-

TM<IHOA, reo.11orMH. PMra, 1964, Bblll. 3, 203-221. HIila oaepa, }TyOaHac e roAo~eHe /BoCTO<IH&S JlaTBHa/. _ HcTopHg 

~aHrJJ&HC ff.R., CTe.114e B.R. 0 nHJibUeBHX aoHax ro.11oneHa III HeKo- oaep e CCCP. TeaHcH 'AOKJI, YI BcecoDaH. CHMn. TBJIJIHH, 1983
1 TOPl!Dt perHOHBJibHWC MX ocoOeHHOCTHX H8 TeppHTOPHX JlaTBMX, II6-II7. 

_ B co.: ITaJIHHOJIOrM<leCKHe HCCJieAOBQHHft B IlpH0&JITHK8, PH- MBJIRCOBB E.c., KpeMeH& A.c., illKBJIKKOB B.A. 3B0.IIDUHR 088pHoro 

re, 3MH8THe, 1971, 67-92. OCB,ltKOHBKOnJieHu B o0.11acTRX B84'A8MCKoro H MOCKOBCKOro OJie-
Eeaepoe B.R., KaraH R.R., Re6eAeBa P.M. HaqaJJ&Hwff aTan ~opux- 'A8HeH111a. - KcTopJU oaep e CCCP. Tea111cw AOK.11. YI BcecoDaH. 

poBaHHR AX8TOMHT8 B 08, KOBAOP /Dr0-88Il&AH8R <18CTb Myp- CHMn. TaJIJIHH, 1983, II, 134-135. 

uaHcxoA o6.11acT111/. - KcTopxa oaep e CCCP. TeaHCH AOKJJ. YI Ma.11acosa E.C., Coxo4oea R.~. Hoewe ABHHlie no CTpaT11rpa~xx 

BcecODSH. cHMn. T&AJIHH, 1983, II, 47-48. oaepHHX OTJIOZ8HU ~eHTP8JlbHOA <18CTM Kape4bCKoro nepemeA-
EAHH8 r.A. ITpHHUHnH x M8TOAH peKOHCTPYKUHX x K&pTHpOBAHWS KB. - B KH.: HCTOPHH oaep Cesepo-3an&Aa, R., 1967, ,154-

paCTHTBAbHOCTK ro.110~eHa. ~-, Hayxa, 1981, 159 c. 161. 



- 32 - - 33 -

MaJIH<:oBa E.C., CnHpH'AOHoaa E.A. HeKoTopHe sonpocH naJieoreorpa~HaillepOaKoa A.IT . Oaepo r.nyOoKoe. rlll,Apo6aoJiorHqecKKA oqepK . M., l-iayKa, 
KapeJihCKoro nepeweAKa /no 'AaHHJ,IM cnopoao-nHJibUeaoro aHaJIHaa 19071 379 c. 

'AOHHHX OTJIOXeHHA oaep/. - B KH.: HcTOPHH oaep Ceaepo-3ana'A8, YcneHCKSR O.H. HCTOPHH oaepa BeJioe /MOCKOBCK8ff 06JISCTh/, BOCCTa-

A., 1967, 145-154. HOBJieHHR no 'AaHHW, 6KOJIOrRNeCKoro 8HSJIH8a. _ BoTSHHq. Jr;YpH. 
MeipoHc 3.B., CTPayMe H.B. KaAHoaoAcKaH rpynna. - reoJiorHqecKoe 19801 65, 1, 83-90. 

CTpoeHHe H noJieSHHe HCKOITal?Mh!eAaTBHH. PHra, 3HH8THe, 1979, 

176-268. 

HeHIIITS'AT M.H., XoTHHCKKA H.A., ~eBHPU A.A., MapKoaa H.r. Oaepo 

CoMHHO /HpoCJISBCKBH o6JiaCTb/. - IlaJieoreorpa~Hff H xpoHOJIO­

rmi: aepxHero nJieicToueHa H roJioueHa no 'ASHH!iM PB'AHoyrJiepo'A-

Horo MeTO'AS• M., HayKa, 1965, 91-97. 
CeMIIIIXaTOB A.H. MaTepHSJIH 'AJ[jl reOJIOrHH BacKyHqaKCKOro oaepa. -

Tp. BcecoDaH. reoJioropaaBe'AOQH, o6~e'AHH. HHTU CCCP, 1933, 
BHn, 284 1 3-24, 

CeMeHeHKO R.T., AJieWHHCKaH 3.B., ApcJiaHoa X.A., BaJiyeaa M.H., 
KpaCHOBCK8H ~.H. HoaHe 'AaHHHe no CTpaTKrpa~HH H naJieoreo­

rpa~H- aepxHero nJIHoueHa H nJieftcToueHa ueHTpaJihHHx paAo­
HOB EaponeiCKOH Q8CTH CCCP. - Ha'A. reoJI. ~OH'Aa CCCP, M., 

1981, 160 c. 

Cepe6pRHHaH T.A. BaaHMOOTHOWeHHH Jieca H CTenH Ha Cpe'A&epyCCKOM 

B08BHWeHHOCTH B roJioueHe /no naJie.o6oTSHHQeCKHM H pa,z.Hoyr­

Jiepo,Z.HHM ,z.aHHHM, - B KH,: HcTopHH 6HoreoueHoaoa a CCCP B 

roJIOUeHe. M., HayKa, 1976, 159-168. 

CMHPHOBa B.H. HcTop•R oaepa CHH,z.opcKoro ( KoMH ACCP/ B roJioueHe 

/no ,Z.8HHHM ,Z.HaTOMOBoro 8H8JIH8a/, - B KH.! CHCTeMaTHKa, 

3B0JIDUHH H 3KCJIOrHR BO,Z.opocJieH H HX 8HaqeHHe B npaKTHKe 

reOJIOrHqecKHX HCCJie'AOBaHHH, KHea, 1981, 135-137. 

CTeJIJie B.H. Xa_paKTep aJIJiepe'ACKHX cnopoao-nHJibUeBHX KOMnJieKCOB 

Ha TeppHTOPHH AaTBHH, - B KH.: IlaJIHHOJIOrHR B reoJiorHQeCKHX 
HCCJie,z.oaaHHRX IlpH6aJITHKH, PHra, 1966, 70-82. 

IIleCT8KOBa T.B., EJIOBHqeaa H.K. McTopHR pa8BHTHR HeKOTOPHX oaep 
KaJI!llllMHrp~CKOH o6JI8CTK B roJIOUeHe, - HcTOPKH oaep B roJio-
ueHe. TeaHCH lY BcecoDaH. CHMn. A., 1975 1 123-128, 

filTepeH6epr R.E. Oca,z.KoHaKonJieHHe H 'AHareaea B oaepax ceaepHoA 
ryMH'AHOA SOHH, /Ha npHMepe EaponeicKoA QSCTH CCCP/. AaTo­

pet. ,Z.OKT. ,Z.HCC. M. 1 1979 1 41 C, 

XoTHHc Kllrli H.A. roJioueH CeaepHoA EspaaH•. M., HayKa, 1977, 198 c. 

3KJl8H H.M., KOJIKaHeH A.M., .IIyKamoa A.~. COKP81110H•e OJie,Z.eHeHHH K 

paSBHTHe MSJIHX osep B KapeJihCKOA ACCP. - HCTOPKR osep B 

CCCP. TeaHcH 'AOKJI. YI BcecoDss. c.111.Un. TaJIJIHa, 1983 199-
-:J 200. 

Y~R 55I.794:55l,8:556.5/2I2/ 

IIPE~APHTEJihlThlE MHHI:lE 0B H3Y(IB~ T.HITOBIDC PA3PE30B H PAWOHOB B 
EBPOITEHCKOW llACTH COBETCKOro COD3A 

A.A. Caapce, A.B. PayKac, ~.~. Ksacoa 

Pea:m.,:e 

PaccMaTpHBSeTcg HCTOPKR pa8BHTHR oaep H 60JIOT B EaponeAcKoA 
QSCTH CoaeTCKoro CoDaa 88 nocJie"HHe 15 000 •eT B 

M ~ • WlBJieHl,I HaHOo-
Jiee xapaKTepHHe qepTH P83BHTHR PSCTHTeJihHOCTK. Ilpe.z.cT&BJieHo npH-
PO'AHOe paAOHHpOBSHHe P8CCM8TpHB8eMoA TeppHTOpHK H CilHCOW THITOBHX 
paapeaoa, HayqeHHHX B PBMK&x npoexTa E I58 MIIrK. 

AK8,!!8MU HayK 3CT0HCKOA CCP, 

MHCTKTYT reOJIOr.lUl 
AKa~eMP!JI H&yK CCCP, 

MHCTJITYT oaepoae'A8HHR 



- 34 -
BOTTOM DEPOSITS ANO PALAEOLIMNOLOGY OF LAKE NERO 

z. Aleshinskaya, V. Gunove, O. Leflet 

Lake Nero is situated in the Yeroslevl Volga region in the 

north of the subzone of mixed coniferous-broad-leaved forests. Its 

area is 51.? sq. km, the typical depth - between O.? end 1.2 m. The 

absolute height of the water edge is about 93 m. It is e drainage 

lake. The sum of the mineral substances dissolved in the lake's we­

tar is about 200 mg/liter. By the composition of the water, the laka 

belongs to the class of hydrocerbonate ones,end by its physico-che­

mical properties - to eutrophic water basins. 

The lake basin in the Rostov depression has existed uninterrup­

tedly since the end of the Middle Plsistocene or, to be more pre­

cise, since the period or degradation of the Moscow glacier. A 100-

meter layer of depoaite has accumulated during that time. On the 

basis of e comprehensive study of these deposits the history of the 

lake during 150,000 years has earlier been reconstructed ( AAemHHC­

KaR, [yROBa, 1976). 
This paper is devoted to the results obtained through e de-

tailed study of the 30- meter layer of Lake Nero's deposits that have 

accumulated during the past 15,000 years. For the study 

approach wss used including granulometric, mineralogical, 

eel, palaeontological (palynological, pelaaoelgological 

e complex 

.geochemi­

end &111ong 
them diatomic and cerplnologicel), archaeological and radiocarbon 

- 35 -
a considerable amount of feldspars (between 20 end 25%) . 

The following cryophitic species predominate in the diatoma-
ceoue flora Cocconeis disculus (Schum.) Cl., Nevicule scutelloides 

w.sm., Melosire scebrosa Ostr., Opephore mertyi Herib. and others , 
which means that et that time the lake had tha faaturaa of 

8 
deep , 

periglaci a l oligotrophic basin poor in flora end fauna (Fig. 1) . 

I n the s pore and pol len spectr e of Preboreel time, 88 well as 

in ell t he above layers ., t here is a complete predominance of the 

pollen of ar borescent speci es end 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 or the Leta Plaieto­

cene to the forest landscapes of tha Holocene. Judging by the compo­
si tion of the pollen and spore spectra, in Preboreel time there 

11111
re 

mainly birch forests along the shores of the lake. In some parts yer­

nick thickets or dwarf birches end herbaceous groups were preeervad. 
The climate was colder than at preeen't , but it proved chengable. The 

incr ease in the share or tundra (low shrub apaciaa of birches) and 

steppe (wormwood snd Chenopodieceee) elements in the spectra o.r the 

second half of the period ahows that there wee a partial restoration 

of tha periglacial plant complex associated with the Perealavl cool­
ing coming after tha Polovatak warming ( XoTHRCKJrlt, 1970). 

The second stage is between 8,000 and 9,000 B.P. (tha Boraal 

period). During that time grey carbonate clays about 6 m in thickness 

formed in the lake. In the first half of the. period the content of 

CaC03 in them increased up to ~5% and in tha second half of the pe­

riod i t fluctuated between 35 and ~0%. As in tha earlier period, the 
analyses. amount of organic C didn't exceed 3%. The granulometric and miners-

Four stages characterized by accumulation of different types or logical composition was on the whole enalogie al to that of the un-

depoeits may clearly be distinguished in the history of the lake. derlyi ng stratum. At the beginning of the Boreel tourmaline made the 

The first stage is between 9,000 and 15,000 B.P. (the Early appearance and et the end of the period tha share of suthigenous mi-
Oryea end Preboreal periods). Dark grey claya with e low content of narels and primarily or pyrite increased . 

calcium carbonate (leas than 8%) end organic matter (lesa then 3%) This period marks the beginning of tha eutrophi cation of tha 

have accumulated in the lake during that time. The thickness of thas1 lake. Diatoms were dominated by the species of the littoral of trena­

terrigenoue dapoeite is about 12 m. In the composition of the eand1 parent oligotrophic basins: Naviculs ecutelloidee w.Sm. , Opephore 

fraction of these deposits, alongside quartz (60 or 70%), there 11 mar tyi Herib., Meloaira italic• eub~p. aubarctica o. Mull., especial-
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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 species, characteristic 

of eutrophic basins, became more numerous: Melosira granulate (Ehr.) 

Ralfs., Melosira italica (Ehr.)Kutz., Stephanodiscus aetrese (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 among 

the plsnktonic ones: Melosira granulate (Ehr.)Ralfs., Melosira itali­

cs (Ehr.)Kutz., Stephanodiscus astreae (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 birchea 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 dominating position in the studied region. In the second 

half of the period there appeared en admixture of broad-leaved spe­

cies. The climate was similar to the present one, but somewhat colder. 
T~s third stage - from 4,500 to 8,D□□ 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 content 

of carbonate in the section is 83%. Changes are observed in the compo• 

sition of the clay fraction. First of all the role of limonite increa• 

ses due to transformation of other minerals. The appea-rance of limo­

ni te points to the replacement of the reduction conditions by oxidi­

zing ones. The content of hornblende and apidote sharply decreases. 

There is also a decrease in the role of disthene, tourmaline, alman­

dine and zircon. As pointed out by E.A. Vinogradova ( BMHorpa~oaa, 
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cies, among which most abundant are Melosira granulate (Ehr.)Ralfs., 

Melosirs italics (Ehr.)Kutz., Stephanodiscus astreae (Ehr.)Grun.,Sts­

phanodiscus astrese var.minutulus (Kutz.)Grun. typical of eutrophic 

basins. The dietomscaous flora of the first half of the. period is 

characterized by predominance of such planktonic species, 88 Maloeira 

granulate (Ehr.)Ralfs., Stephanodiscus aetreae (Ehr.)Grun., Cyclotel­

la comta (Ehr.)Kutz. (Fig. 1). In the diatomaceoua complex of these­

cond half of Atlantic time the role of benthic epaci i ea ncreaees due 

to the development of shallow-water species (mainly the species of 

the genus Fragilaria). Also the planktonic speciea are dominated by 

those distributed in shallow waters. Thus, in the first half of the 

Atlantic period Lake Nero was rather deep and warm, while in these­

cond half of the period it turned into a shallow-water and wall - hea­

ted basin rich in flora and fauns. 

The deposits of the Atlantic period era distinguished by 8 maxi­

mal content of the pollen of broad-leaved species (up to 30%), repre­

sented by the pollen of oak, elm, and,lime-treea. The share of the 

pine and birch pollen is somewhat lower than earlier (Fig. 2).Up the 

section there is a considerable increase in the amount of spruce 

pollen. In the Holocene climatic optimum along the shores of Lake Na­

ro there predominated mixed coniferous-broad leaved forests. At that 

time the climate was warmer than at present. 

The fourth stage ambrecee the period from 4,500 B.P. till the 

present time (Subboresl and Subatlantic periods). In Subboreel-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 CsC03 and by a high content of organic c (20%). Quite sig­

nificant is the appearance of pyrite in the deposits of Subboreal 

time, which shows that there has been domination of reduction condi­

tions of sedimentation. 
In Subboreel time the composition of the diatomaceous flora of 

1956), the sspropel deposits of Lake Nero from the Atlantic period 
are considered to be quite peculiar because, alongside the elastic Lake Nero undergoes considerable changes. Benthic diatoms become 

minerals, they include new formations of calcite, dolomite, pyrite , widespread~ among them representatives of the genus Fragilaria make 
and vivianite. up 60 or?□%. Tha la t ter are epiphytes or bottom species prevailing-

In the carbonate sapropels of Atlantic time there is the prado- ly. The occurrence of the littoral and epiphytic species of genl!ll'a 

minance of temperate-heat requirino and heat-requiring plank tonic ape- Navicula, Pinnulsria, Cymbelle, Synedra incresae,e.Among plsnktonic 
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dietDID■ Helosire italics (Ehr.)Kutz., Stephanodiacus Hantzachii 

Grun., Synrdra barolinanaia LBffllll. dominate (Fig. 1). 

All this indicates that the lake becomes increasingly more au­

traphicatad and shallow. However, against the generally low level of 

water in the lake there occurred recurrent fluctuations. For ins­

tance~ early in the period and at the end of its second half there 

ware transgressive phases. The diato-ceous complexes that were for­

med during the period of a relatively high 111Btar level in the lake 

ere characterized by a greater specie■ abundance and by a quantita­

tive develoj)lllent of diatoms and increase of planktonic speciea,among 

which the leading ones are Heloeira granulate (Ehr.)Ralfe., Helosira 

italica (Ehr.)Kutz., Cyclotella c0111ta (Ehr.)Kutz. A reverse picture 

is observed during a transgressive phase in the middle of StJbboreal. 

The diat0111&csous flora of Subatlantic time does not differ much 

fr011 the previous period and it is close to the present ones. It cha­

racterizes Lake Nero as an eutrophic overgrowing water basin, where 

typical planktonic forms have low values of occurrence. Dominating 

hara era the fol'llls of overgrowth of the genus fragilaria. Two trans­

gressive phases may be distinguished in the history of Lake Nero du­

ring the Subatlantic period judging by the change of the diatomacaoua 

complexes: at the beginning of the first half and approximately in 

tha middle of the period. 

In the spectra of Subboraal time the spruce pollen gradually 

comas to the fore (up to 60%) - "the upper maximum", which indicates 

that during the period within the studied region spruce foreata be­

came widespread (Fig. 2). 

In the pollen and spore spectra of the Subatlantic period the 

amount of spruce pollen (especially in the second half of the period) 

cona1derablV decreases, giving place to the pollen of pine and birch. 

As in tha previous period, the role of the pollen of broad-leaved 

spaciaa ls not great. In the vicinity of Lake Nero quite common ere 

mixed forests of pine, birch, and spruce with an insignificant admix­

ture of broad-leaved species. Their composition is similar to that of 

the present forests in the Varoslsvl Volga region. 

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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whols zone of the forests of the humid belt in the European part of 

the USSR. However, the change of sedimentation types was not aimulta­

neous everywhere. For instance, unlike the central region of the East 

European Plain, in the lakes of Byelorussia, of the Baltic Region and 

of the North-Wast carbonate formation went on without interruption 

since the Early Holocene and especially actively since Borsal time 

( BapTom, 1976). The change in the character of sedimentation was 

closely related to the development of the lake and the history of its 
basin. 
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6opeaAbHOl4Y, 8TA8HTJ4qecKOMY cy6-

oca,nKOB npHCY111Ji! npe6opeaAbHOMY, 
CMeHa OC8,AKOH8KOilAeHHS 

6opea~bHOMy-cj6aTA8HTJ4qecKOMY nepwo,naw. 

,nHT B TeCHOH CBS81'1 C paaBl4TJ4eM so,noeMa H HCTOpHel era 
npoHCXO OOIIIID'H ,ItAS 
oacceiHa. B!,l,ll;eAeHHHe 3T8IlH oca,nKOH8KOTIAeHHS SBASDTCS 

acel aoHH AecoB ryuH,nHoro noses EBponelcKoi qacTH CCCP. 

MocKOBCKHI rocy,napcTBeHHHI 

yHHBepeHTeT HM. B.M. ~OMOHOCOB8 
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MINOR LAKES OF SOVIET KARE LIA 

(AGE, TYPES AND COMPOSITION OF SEDIMENTS, 

GEOGRAPHICAL DEMARCATION) 

I. M. Ekman 

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

(lb1TaeB, 1984) there are 61,855 lakes in the republic. Their total 

water surface reaches 33,185 km 2 , which accounts for 19.2% of the 

republic's area with regard for lakes Ladoga and Onega (5,000 and 

8 ,000 km 2 , respectively)x) encompassed within its boundaries. ~ith 

respect to the area of lakes Soviet Kare lia surpasses countrie s 

rich in inland water bodies such as Finland (9.4%), Swede n (8.6%) 

and Canada (about 12%). 

It should be noted that lakes u~ to 1 km2 in area account for 

97.4% of the total number of water bodies and those up to 10 km 2 in 

area make up 99 .6% ( IToKpOBCKHl 1 H□B14KOB 11959). Thus, lakes of 

small and medium size clearly predominate, whereas water bodies 

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

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

lakes 50 to 100 km2 in area. In a group of 16 largest freshwater 

reservoirs with a water surface exceeding 100 km2 the follo wing sto­

rage lakes are remarkable for their size: Vygozero (1159 km 2), Top­

ozero (986 km 2), Segozero (752 km 2), Paozero (659 km 2) and Vodloze-

ro (365 km2). 

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 Hol ocene that have persiste d during the past 

10,000 years are of interest. The area occupied by lakes can be de­

termined approximately for some time levels. 

x) The total water surface of Lake L~doga is 18.4 thousand km 2 

and that of Lake Onaga is 9 .9 thousand !:m . TIH,y foi:m a si.,ocial 
group of great lakes. 
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Anut h,ir i rn port :cn t ·~:ccJi: i 11 studying the evolution of lakes is 

to ustimate the time of their initiation and overgrowing. This can 

be done by the radiocarbon 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 life 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 zones 

and differe nt geomorphological situations. The scheme of geographi­

cal demarcation of Soviet Karelia based on the composition of bottom 

s ediments is interesting from both scientific and practical stand­

µo ints. It was made chiefly by means of chemical analyses, determi­

na ti on of diatom flora, some minerals and other properties. 

The present paper is based on the voluminous factual material 

c ollecte d while studying bottom sediments in the small and medium­

s iz e d l akes of Soviet Karelia. Reconnaissance boreholes were used 

to i nvestiga te sediments in about 76 water bodies. Sections through 

consolidated bottom sediments were studied by bi □- and chronostrati­

graphic and chemical methods in 32 lakes scattered in groups through­

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

were comµiled, and diatom (G.Ts.Lak) and carp □ logical (E.A.Krutous) 

analyses and 45 radiocarbon datings x) performed for these sections. 

The basins of the lakes studied were located under different 

geomor phological conditions, such as glacial depressions, relic ba-
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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 i n broad sense, and 

for the genesis of the lake basin in narrow sense. I n some cases 

the lakes were selected in such manner as to obtain information 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

n □ ses emerged in depres s ions of denudation-tectonic relief and gla­

cial morphosculpture in Boreal time by replacing earlier water bo­

dies ( E.u1Ha, JlriBa, 1980; EJIHHa, 1981). In glaciolacustrine or mo­

rainic plains mires for med 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 ( 11b.RBtlBHKo 1 198 5; 11poaopoa, 198 5, etc.) have i ndicated that 

the age of t he mires t ho t r esulted from the overgrowing of water-
bodies is at maximum. 

Most investig a tors are of cpinion t hat water bodies overgrow 

and have an excess of pea t du e to saµ r opel accumulation and shallow­

ing ( CyKatleB, 192G; Kop~a, 1963; 11b.RB'IBHKO, 1963; H..rueHKo, 

1967; Pocc□JIHMO, 1967, etc .). Howe ver, pea t scientists and limno­

logists a r s rio t unanimous in i nterpre t ing peat de position in lakes.. 

The f ormer assume that the l e~di ng part i s pl oysd in this process by 

the sha llowing of r e servoir s and t he f ormation of peat deposit at 

the expense of plants growing i n l akes. The latter think that the 

sins of glaciolacustrine and swampy plains, basins of undulating and process is largely triggered by t he tr ans port of allochthonous or­

ridge-undulating relief confined to marginal glacial zones and ice- ganic matter from paludifiad drai nage areas to lakes (Hop~a, 1960; 

- divide upla nds, kettle-holes often c haracteri s tic of ou twash plains, PoccoJIKMO 1 1964, 1967, 1976). All. authors note that the water l □ gg­

depressions of rills and valleys of discharge of glacial meltwater in~ and dystrophication of reservoirs are accompanied by the lack of 

and t ectonic cracks in denudation-tectonic relief. The distribution aeration and oxygen. It has been found that plant and animal remains 

x) 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. 

do not decompose completely because the anaerobic decay of organic 

substances ceases following the consumption of carbohydrates of ea­

sily assimilated protein substances by bacteria ( HyaHeu
081 

1970). 

These events are concomitant, on the one hand, with accumulation of 

nondecomposed organic remains orxl, on the other, with tha further 
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J~c r eas e in th8 amount of oxygen. Thus, the overgrowing of lakes 

acquires a self-stimulating and self-developing pattern. 

Ass umpti ons have been made (KyaH81.\0B 1 1970; ilpoaopos, 1985; 

IbHsqeHK□ , 1985) that there is a common reason for the formation of 

all mire s. This is t rue of the both the overgrowing of water bodies 

and the water-logging of land. We 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 anima l organisms and accumulation of the latter ( ilpoao­

pos, 1985 , p. 13). Acco rding to the above concept specific mire 

energymatoria l exchange is due to oxygen shortage rather than in­

creased soil humidity or accumulation of humic substances in a· wa-

te r body. 
According to V.N. Sukachev's concept of biogeocoenoses ( CyKa• 

1926, 1972, p. 330), each biogeocoenosis on the Earth has its 

own distinctive index which characterizes a type of "substance and 

energy exc hang e between its componan ts and other natural phenomena" , 

Yu. s. Prozorov ( ITpoaopos, 1985 ) h as suggested the following de­

finition: "Biogeo.coenoses · with an accumulative type of energy-mate-
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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 

changed substantially during different time intervals in the la te ­

and postglacial periods. In late-glacial t ime the climate became 

warmer, but recurr ent changes brought about its deterioration, an d 

resulted in the reciprocating (stepwise) pa t tern of deglaciation. I n 

connection with such evolution of glaciation the first lakes in the 

t er ritory of Soviet Karelia emerged in groups at different time fol­

lowing the retreating glacier margin in deglaciation zones of diffe­

rent age (Fig. 1 A). Glacioisostatic uplift and block-faulted tec­

tonic movements acted also during the Holocene by distorting lake 

basins, changing the base level of erosion, shifting runoff thres­

holds , deepening the valleys of existing channels and creating a new 

ri ver drainage. These events, in turn, caused the levels to change 

and dec line permanently. As a result, ~ires often formed by repla­

cing water bodies. It will be noted while discussing the latest stage 

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

ri a l exchange that is due to oxygen deficiency arising from increa- climate was warm and humid, an abundance of reservoirs confined ta 

sing soil mo isture reserves or decreasin9 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 decomposit i on stage 

of higher plant remains and the accumulation of incompletely de­

comµosed organic matter pr8 ~cnt as paat or peat-minera l deposits in 

soi l or i n a body of water (ibid., µ. 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 ( ilepeAbM8H 1 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 . 
Our observations have shown that the initiation, development 

and overgrowing of lakes were caused and controlled mainly by chan· 

glac iokarst basins were formed . 

Evi dence for the area of mires, which resulted from the over­

growi ng of reservoirs, is important for correct determination of the 

area occupied by lakes · during certain periods. According to G.A.Ye­

lina (EAHH8 1 1981) about 33% of the area of present mires formed as 

a result of paludification of waterbodies in which limnic saprapels 

had accumulated earlier. However, lake sands, loam, silt, clay and 

varved clay are widespread under peat deposits ( EAHHa 1 19-91). Some 

sections have been reported from the Pribelomorskaya depression in 

whi ch marine muds such as silt, clay and sand occur below thick pea t 

deposits. The analysis of t he material has indicated that no less 

than 45 -50% of mires result from the overgrowing of reservoirs. This 

figure locally is over 60-70% (rela tively deep and closed depressions 

in South and Central Karelia and the shores of the White Sea and 

large lakes) . 

Before discussing the problems r e lated to the lake radiochrono-
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logy and lake area in Soviet Karalia in soma time sections it is ne­

cessary to present briefly the main types of bottom sediments. The 

thickness of Holocene sapropals and diatornitas is no more than 6-7 rn. 

Two major widespread sections through bottom sediments have 

bean est~blishad: 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 horizons, 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. 
Ths 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 sequence 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 

sµarse lakes in southern Soviat i,arelia. In the bottom sediments of 

these water bodies Holocene sapropel is underlain by a horizon of 

sapropel-like layers separated by mineral deposits. 
Allerod and Younger Dryas layers and undivided pre-Aller □ d 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 11,5□□1150 (TA - 1654) years 

corresponding to the Aller □ d are available. Whether Bolling 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-Aller □d or Aller □ d time (Fig. 1 A). It is only from these areas 

that the third type of bottom sediment sequences has been reported. 

The basal portions of the bottom sediments in the lakes of 
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Fig. 1. Geographical demarcation f s it K • 
based an the time of emergence of smal~ anodv ed. areilia s territory 
and the c "ti me 1um-s zed lakes (A) 

□mpos1 an of their bottom sediments (B). 

A 1 lake i • t • t • • • - n~ 41a ion isochrones (numbers are given in mille 
nia) inferred from C-dating of organic matter fi t -
bottom sediments (sa ro el· b rs accumulated in 
2-5 - initial t p p ' _rown moss; other material less common); 
following the :e~;!!t~~gc~~! 1 ~~~=~~e 2 □: Aa~ul

nd
~dnt dpevelopmen~ of lakes 

(11 900 - 11 20 . ' • ere - re-Allerod time 
B p') · 4 1'd D B.P., partly ancient); 3 - Allarod (11 900-11 200 

· · , - m -Late-Dryas (10 BOD 10 400 B p) ' ' (10 ODO - 9200 B p ) Th d •1 - ' T • i 5 - Praboreal time - • • • • e eve opment of lakes throughout the b 
lie was most vigorous in the rreboreal period. repu -

mater~;1j: 2 area of ~ide dis;ribution of dL:it□ 1ni tes (siliceous raw 

~:~e:p~~~~;~i:i~~~ab~ow~~:~~m~~~~;s~c~~~r~:~~o~:c~~~~~!~ht~~~~o~~~~ 
ff as organ c ert1l1zers) upward in ths section· 3 

~:~~io requent ~ccurrence of dark-grey and black sapropels' co~­
rablen~u~3~aze:tt~r □n_~~d fr(e~ hydrogen sulphide (promising as cu-
of areas , ans1 on mixed) zone with sapropels characteristic 
terial fa~ =~~1f~a~i~nh~~o~~etl~ dis;~ibutl □n.area o~ lime (raw ma­
cality. me o ac 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 10,640!150 (TA - 1487) - 10,700!150 (TA - 1490) 

to 10,300!12 □ (TA - 1742) and 9800!150 (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

selka - 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, 

morphological factors. The latter is related to the genesis of 

geo-

lake basin and its position in a certain morphosculptural complex 

(Ekman et al., 1981, 1983, 1985, 1986). 

The lake area of the republic for some time levels is evaluated 

as follows. Near the Pleistocene-Holocene boundary (10,300 - 9800 

B.P .) when large proglacial lakes and relatively small cold-water 

lakes occupying practically a l l closed or semi-closed depressions of 

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

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

selka _ II stage began ea. 10,000 - 9800 years ago. In order to determine the lake area in a certa~n chronological 

In the areas of undulating-m□rainic rolief lakes continued to section of the Holocene one needs data on the area of the mires 

arise until 9300 - 9000 B.P. Water bodies formed in kettle-holes in which resulted from the paludification of water bodies at tha boun-

the early half of the Atlantic period (8100 - 7400 B.P.). Glacial dary in question or within a relatively short time span. All these 

meltwater started to form simultaneously in the rills of discharge. definitions are fairly rough because the deep structure of the mires 

Shortened types of bottom sediments are characteristic of these is still poorly studied. However, no less than 33-50% of the present 

groups of small and medium-sized lakes. A sharp contact between mi- mire area of the republic (in some areas up to 60-70%) have resulted 

neral rocks and sapropels, often with a separating peat lamina, is from the paludification of water bodies. It is known that the late 

observed there (Ekman et al., 1983, 1985). half of the 8oreal period was the first stage of abundant mire for-

The beginning of the break in lacustrine sedimentation often mation (EAKHa, 1981; EAKH&, RHAea, 1980). The same date is true 

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 

for 18% of mires in southern Karelia and for 12% in northern Karelia 

( JIKi,\ea, EAKHa, 1986). The evolution of lakes was at its maximum in 

the late Preboreal - early Boreal 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 

vary from 26 to 34% in some localities, making up 30-32%, at an 

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 

of years to millenia, often covering a considerable part of the Ho­

locene (the Preboreal, Boreal and the early half of the Atlantic pe­

riods). In some sequences tills or aqueoglacial deposits are direct­

ly overlain by sapropels enriched with organic matter that began to 

accumulate in the late Boreal - early Atlantic periods. Radiocarbon 

dating has indicated that the accumulation of lacustrine deposits 
either resumed or was initiated no later than 7400 - 6900 years ago. ( ~a, I98I; RKi,\aa, E~KHa 119S6). 37% of mires in northern Kare-

As a whole, the intense development (initiation) of lakes and 

the accumulation of sapropels therein is divided into three chrono­

logical epochs: the Allerad (11,800 - 11,200 B.P.), Preboreal 

(10,000 - 9200 B.P.) and Early Atlantic (8100 - 6900 B.P.). Such 

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-

X 
Here also belong the extensive areas in northern Soviet Kare-

lla overlain by the brackishwater White Sea basin (the Portland Sea). 

major time intervals in the evolution of lakes and organic sedi-
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tive formation of new peat deµosits predominent ly by paludification 

of water bodies . The early ha lf of At l an tic time (8100 - 5900 B.P.) 

saw an outbreak i n the formation of the l ak es confined mainly to 
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ch thonuws ~sat l avarJ no less t han 2.2 m in thickness . During the 

late halF of ,Hbn tic t i rne , □b out 5730::':80. (TA - 1122) EJ .P . , tile 

transgress ion s lows down abruptly, and the leve l of the reservoir is 

kettle-holes and rills of glacial meltwater discharge. However, at soon stab ilized. Hence the rate of sedimentation decreases, and poor-

that time paludification was far more extensive than the development ly consolidated sapropels are formed on the lake bottom. The basal 

of new lakes. Therefore, the lake area had redu ce d substantially by layers of superficial peatlands which show a radiocarbon age of 

the mi ddle of t he At l an tic per iod (7400 - 5900 B.P.) to account for 7920!100 (TA - 959) years occur in shore scarps 2.5 - 3.0 m below 

no more than 22-24% of the republic's territory. t he present lake level. 

From the l a t e half of At l antic t i me onwards no new lakes actual- The materials presented for Lake Lenderskoye seem to support 

1 ,· f orme d. Since t hen p8c1t a-.:Cw i:1ulat iun a11j p ludi fication of reser- the supposition that in early Boreal time irregular glacioisostatit 

vo irs has continued, with varying intensity, up to now (E~HHS,1981). uplift became more intense. As a result, a voluminous body of water 

Former lake areas were replaced by extensive peatlands which occupy 

a large part of the republic's territory. 

Desp ite appreciable differences in size (area, depth etc.) and 

mor pho logical indices (shape of trough, ruggedness of shoreline etc.) 

some common evolutionary tr ends that are due to irregular glacioiso­

static compensational upl i ft of the crystalline basement may bees­

ta blished. These phe nomena ar e primarily connected with the distor­

tion of lake troughs and the transgression of water mass to the arsa 

which suffers either uplift or even su bsidence lower in amplitude. 

negarding the great and large lakes of Kareli a such as Onega, Ladog a 

and Segoz ero, these events have been widel y discussed in the relevant 

litera ture ( De Geer, 1893; Ailio, 

1934; 3eM~~KoB, 1935; ITaHKpywea, 

1975; JlaK, 3KMaH, 1975, etc.). 

19~5; Hyyp ptf; 1943; MapKoB H .ll:P•, 

1965 ; Raacos, 1975; 8KMaH K .ll:P · , 

Simi lar transgre ss ion of water bodies has been rev~aled in re­

lativ e ly small lakes such as Lake Lenderskoye, western Soviet Kare ­

lla, Lexa river basin. Its s urface area is 8.3 km2 . Intense trans-

gression of water to the south-eastern shore was established there 

was displaced and the amplitude of lake level alterations increased 

markedly. A decline in the level of reservoirs in an unfavourable 

topogra phic 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

ve loped by the overgrowing of forme r ~akes ( E~HHS, 1981). 

In some small lakes the level rose in the la te half of Preboreal 

time (9550 - 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, terrigen □ us 

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). 

Qi~t£mlt~s~ Lacustrine diatomites are widespread in northern Ka-

by studying sections t hrough bottom sediments made by profi l e dril- re lia, between lake s Paozero and Top □ zero in the west and the White 

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 sup ported by the radiocarbon date of 820□:':80 (TA - 1121) 

years. Distribution of water was accom panied by the outwashing of 

autochthonous peatlands, the formation of abrasion scarps therein 

and the abundant accumulation of bottom sediments present as all□-

Saa shore in the east a s far as the mouth of the Pongoma River. Ka­

relian diatomites were studied as siliceous raw materia l during the 

late 1920's - early 1930's (MapKoB, 1933 ;ITopeuKH£i * ,ll;p., 1934; 

Bap,ll;aHHHU, 1935 ; 3eM~flKOB, 1935; lfyse, 196G, etc.) . In recent 

years we continued studying these sediments in minor l akes by spec i­

fying their location (F ig. 1 B). They are ubiquitous in the swampy 



54 -
area between l ake s Tikshozero and Yeletozero, the lake basins being 

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

in plac es . 

Drown and greenish-brown sapropel diatomites and grey (less 

frequently light-grey) high-siliceous deposits stand out among the 

sediments in quGsti on. When moist, they are elastic, jelly-like and 

show high water capacity. The "purest" varieties of diatomites are 

rich in Si □2 (80.79 - 85.12%) and show low ignition loss (i.l.) va­

lues (B.79 - 9.85%)x). The Si □2 content of sapropel diatomites nor­

mally varie s between 54.57 and 68.3%, i.l. being 26.18 - 35.67%. 

The sesqui oxide content of the sediments is low: Al2□3 - 2 . 46 -

3.97%, Fe 2 □3 - D.52 - 3.97%. The amount of iron oxide (Fe □) is 

somet i mes up to 2.47%. The Ca□ content varies between D.96 and 

2 . 89%. Increase d quantities of Ca□ (up to 3-4%) have been reported 

by Vardanyants I3ap,!1!'1.HHHU 1 1936) for diatomi tes from the White Sea 

region. 

Repr~sentatives of the genus Fragilaria are distributed in 

shallow w3tor in Karelian smal l lakes and are negligible in size 

(20-30 microns) . 

Som<!!> tlrn Dretical and pract ical problems related to the geoche­

mi stry of silica ha ve bee n gene ralized in numerous publications 

(feOXll!Ml,tli KPBMH838Ma, no,11.pe,11. CTpaXOB81966; IlopeUKllfM II .IIP• ,1934; 

ITTHUhlH, 1934 ; rycesa, 1975; IlepeJI&MaH, 1982, etc.). An important 

conclusion has been drawn: water contains a sufficient amount of 

dissolved si licic ocid an d a biogenic elr-1men t such as phosphorus, to 

say nothing of its o thar chemical prope rties. The presence of either 

cry □ talline ro cks or Quaternary deposits rich in phosp h□rous in the 

drainage ar □ a of l akes seems to be essentia l for accumulation of 
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G£e~nls~ ~n~ £r£W~ !aEr£P~l!• These varieties of sapropels 

(muds) are chiefly common in lakes in western and central Karella 

(Fig. 1 8). 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 small. 

Greenish and dark-grey sapr~~s_(muds) are formed under 

the conditions of oxygen deficiency that initiate a reducing (glsy 

or even hydrogen sulphide) medium in the near-bottom parts of a re­

servoir (ITepe~bMaH, 1982). Anaerobic bacteria are involved in geo­

chemical decomposition of plant remains. In the course of these 

processes trivalent iron is reduced to bivalent iron, and vivia­

nite (Fe3 (P□ 4 ) 2 °BH2□) is □ fte~ formeo. There are □ live-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 tha t the greenish sapropel (mud) 

subgroup often has oxioes in amounts varying in the following ran­

ges: Si □z 39.13 -65.48 %; Al 2□ 3 4.50 - 13.30~ Fe 2□ 3 1.33 - 1.70; 

Fe□ 1.56 - 3 . 93 Mn□ o. □ 17 - D.059; Mg □ □ .74 1.8□; Cao 1.09 _ 

3.19; Na2□ □• 5□ - 2.92; K 2□ D.41- 2.24; ignition loss (i.l.) 

12.D - 48.74%. Green saµrbµsls mast rich in organic materia l con­

tain 3.32% Si □2 , 0. 51% Al 2□ 3 , 0.95% Fe 2 □3 , 1.58% Fe□, 0.05% Mn□, 

0.16% Mg□, 0.14% Ca□, 0.11 Naz□, 0.14% KzD, i.l. 93.05%. 

Brown and brownish-yellow saEropels are formed in an oxida­

tive medium in which organic substances and ferruginous minerals 

continuous Holoce ne diatomite sequences. are oxidized by means of aerobic bacteria. As a result, bivalent 

Commercia l diatomite deposits are likely t o be discovered in iron grades into trivalent iron, oxides and hydr□oxides such as he­

northern Korelia . Occurrences of high-grade biogenic siliceous raw matite (Fez □3 ), hydrohematite (Fe2□3 • nH2□), goethite (Fe□• OH) 

material ha s already been reported fro m the ar ea. and hydr□goethite (Fe□• OH• nH2□) being formed. 

X) Chemical ana l yses presented here and below we re recalculated 
to 100% on anhydrous basis . 

Chemical analyses have shown that the following variations in 

the amount of individual oxides are characteristic of brown sapr□-

pels: Si □2 14.13 - 54.23%; Alz□, D.89 
- 11.28%; Fe2□3 0.9 - 5.44%; 

Fe□ up to 1.05%, seldom reported; Mn□ 0.010 - D.073; Mg□ □ .1 - 1.40; 
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Ca □ 0,63 - 2,52; Na2 □ 0.07 - 1.27; K2 □ 0 . 09 - 1.27%; i,l, 42.22 -

80.68% . 

Brown sapropels have far greater amounts of organic matter 

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

sapropels (muds) does not , as a rule, excsed 5% . The above data sug­

gest the presence of lacustrine sapropels used as organic fertilizers 

in western and central Karella. 

Bottom_sedirnents_of mixed ~enesis, in which organogenic material 

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

genic constituent, should be regarded as special varieties of the 

saprope l group in question. They represent a transition to chemical 

sediments. The terrigenous material, they contain, is of minor impor­

tance (7-35%). Distinguished among these essentially polygenic sedi­

ments are calcareous (Ca□ 38.98%), ferruginous (Fe 2□ 3 , total iron up 

to 12-16%) and manganous or manganous-ferruginous (Mn □ up to 2%) sap­

ropels. 

basu~t!i~e_l!m~s are unlikely to be found in the eastern part 

of the Baltic Shield ( BapT□W, 1976; WanopeB I J{oKap□BUBB ,1985). 

There are, however, a few lakes with calcareous sediments in eastern 

Finland adjacent to Soviet Karelia (Vasari , N~ykki , 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) accumulati on 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 Alinelamµi near the village of Pushnoye (Be-
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rabasic intrusions and lavas and schist deposits with hematite mine­

ralization. Those ' dopos its seemed to a ffect either directly or indi­

rectly the formatio n of black sapropels enriched by bivalent iron 

Present in minerals such as hydrotroilite (Fe (HS) ■ nH □) which 
2 2 2 ' 

renders black colour to rnuds, and viviani te (Fe (PO ) • 8'1 □ Thus, 
• 3 4 2 ' 2 ' 

black sopropels (muds) formed in a reducing medium accompanied by 

llydroo sn sulphide c□ 1 rtrn:iination . Such conditions of bottom sediment 

accur::ulotlon ura indicated by a hydrogen sulphide smell. This shows 

that fr ee hydrogen sulphide not related to minerals such aa hydro­

troilite, is µresent 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 fang□). 

Black and dark-grey sapropels are often associa ted with green, dark­

brown, chocolate-coloured, brownish-yellow and yellow 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 Jf the □□real transgression of the Mikulino (Eemian) 

Interglacia l dre fairly common in the Onaga syneclize. Marine beds 

ai1d thw over lying frasr1w□ ter deposits dcJti ng frorn l ate Mikulino time 

formed in a reducing environment. In this case the near-bottom water 

of the existing marine and freshwater basins was contaminated with 

hydrogen sulphide , . 

Ac cording to available chemical ana lyses, black sapropels (muds) 

and dark-br own, ye llowish-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. Thi s makes it possible to distinguish mud varieties 

in terms of iron content , including iron ores (over 30% Fa), Accor­

ding to our data based on analytical material, which is still insuf-

l □morsk district) and from at least one lake in north- western Karelia, ficient quantitatively, no less than two groups of mud sediments may 

near the boundary with the Murmansk region. be distinguished in terms of silicate-colloid complexes and organic 

.§.1.§!.□.~. ,en,s!. .9.ar.k=.g!:.e;l ~aE,r.9.p~l~. These types are only widespread matter content. The chemical composition of the first group varies 

in southern Karelia (Fig. 1 B), being chiefly localized within the wi th in the following range: 51 □2 (36.90 - 55.56%); Al 2 □3 (5.87 -

Onega trough, which is a large Prote rozoic structure. The latter is 12 • □□%); Fe203 (5 . 00 - 16 .90%); Fe □ (3.50 - 5.30%); Mn□ (0.2 - 2.36%); 

known ( KpaT~, 1963) to be made up of black shungites combined with Mg□ (1.00 - 1.57%); Ca□ (1.33 - 2.27%); Na 2□ (1.04 - 2.55%); 1'1 2 □ 
shungite-bearing (argillaceous, siliceous etc.) rocks, basio and ult- ( □• 9B - Z. □□%); i.l. 9.55 - 20.12%; P 2 □ 5 (0.65 - 3.05%); S (0.04 -



ls shows the following variati □ fl5 
1,00%), The second group of eaproµe D - 4 79%)· Fe D 

(8 50 - 18.35%); Al2D3 (1.1 • ' 2 3 
in oxide content: Si02 • D (0 15 - D 95%)· Mg□ (0.75 

5w) Fe□ (10 43 - 27.40%); Mn • • , 
(2.71-21.8to; • ( ,. 1 c•r"' )·I\0(0.20-D,55%), 

1 05"') • Na O D a - • 4 w,o 1 2 
- 1.59%); Ca□ (0.40 - • to ' 2 • 23•') 

(0 8~ _ 1 04%)· S (0.20 - o. to· 

54 59 897' • P 05 • ' • ' i. 1. 33. - • 0
' 2 ud used for curative it·on of the Gabozer□ m 

The ~hemical tomp □ s i i d b v v Ivanov 
t resort was determ ne y •• 

Purposes in the Marsian Wa ers (Bmn-
published in relevant literature 

and Ve.V. Rengarten (1935) and d 
i 

out the complete composition of the mu' we 
u 1957). Leav ng i h d i 

HBBCKPS1, ti ties of some components distingu s e n 
will mention only the quan )· Si □ - 0.910 g; Al 03. 

(" per 10□ g wet mud • 2 2 
the colloid complex in g (HS) • nH O _ □ .159; organic 

D 552· Fe□ - 4.787; Fe 2 2 
0.439; Fe 2D3 - • ' ds o □ 14· humic acidi 

·trogen - organic compoun - • ' 
carbon (C) - 1. □72 ; ni k ble for high humidity 

The Gabozer□ mud is also remar a 
- 0.807 g. fresh mud) and high heat capacity. 
(85 g water per 100 g t d de by various techniques most 
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mism of water, the nutritive type (underground, surface and mixed) 

of a water body, the activity of microorganisms and structural-tee-

tonic and geomorphological factJrs can be distinguished. 
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MAJI!IE 03EPA COBETCKOii EAPEJlv!M 

aozyACT, 'l:IDJ M COCTAD OCA.UHOB, PA:f10HMPOB11.HY!.8 

PeaJOMe 

Ha OCHOB8HHH KOMITJieKCHOro 6Ho- H xpoHOCTpeTHrpa~HqecKoro 

xayqeHHH paapeaos AOHHhlX OCaAKOB MB.IIhlX H qacTbE cpeAHHX oaep, 

paCITOJIOJKeHHHX B paaHNX qaCThHX TeppHTOPHH Hape.JibCKOii ACCP,yc• 

TaHOBJieHhl soapaCT I THIT H COCTaB OCB.I!KCB B aaBMCll!MOeTH OT reo· 

- 6J -
JiororeoMopcPo.JiorwrecKMX YC.IIOBMff H AerpaASilHH IlOCJie;.Hero JieAHH­
KOBOrO ITOKposa. 3TH AaHHNe IT03B0.IIH.IIH YCTaHOBHT~ 

~ BpeMH aapoJK-
AeHHH, pa3BHTHH H YMKpaHHH oaep, oneHHTh oaepHOCTh TeppHTOpHH 
a paaHhle xpoHo.11or.11qecKHe cpeaN ~aHo pave 

• H HHposaa.11e TeppHTOpHH 
pecny6JIT1KH no COCTasy AOHHNX OCaAKOB e 

, cp AH KOTOpwc B&AeJieH~ 
,qHaTOMl1Thl 1 paaHNe rpynm,r canpone.r,:eii M HBBec 

• TKOBhle OCa,llKH. ~a-
Ha oneHKa HX npaKTHqecKoro HCilO./Ih30BaHHH p 

• aCCMOTpeHhl Bonpoc1,1 
aal"lo.11aq.11aaHHH oaep. 

Hape.JihCKHii cPl'iJJlfa.~ 

AKa,qeMHH H&yK CCCP, 

MHCTHTYT reo.11or.11.11 
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SEDIMENT SEQUENCE OF LAKE LADOGA 

Strati-
graph!:J 

N. Davydova, D. Subetto 
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Lake Ladoga was formed after the deglaciation of its depressi 

about 13
1

000 years ago. It has had its modern shape and size no 

more than for 1500 years ( Ksac·oa, 1975; f{ypo41otHa, 1982). Three m 

genetic types of bottom sediments are observed in the lake: glaci 

limnoglacial and lacustrine ones. The first one is represented b 

till which consists of clay, sand, gravel, pebbles and boulders o 

different size. Limnoglacial sediments are represented by aleurope 

tic varved clays. They are characterized by the alteration of col 

red layers which often mask their varved structure. Lacustrine se 

ments are grey or greyish-brown homogenous clays and greenish-grey 

pell tic silts. Silts cover~ 50% of the lake bottom surface, 49% 

covered by sands. They are distributed in nearshore zone along t 

western and eastern shores and in the southern shallow part of the 

lake. Small areas with strong water action in near-bottom layer wh 

sediment erosion process takes place,are represented by till. Sue 

p l aces were discovered in a near-shore zone and on underwater slo~ 

of deep-water depressions in the north-western part of the lake ( C 
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Deposits 
Thick 

Lithology ness 
(mJ 

~ 0-4 Silt 

~1 Clay 

- - -
- - -
- - -
- - -
- - -
- - -
- - -

Varved - - - to 12 
- ..._ - clay 

- - -
- - -
- - -
- - -
- - -
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- o-o- >30 Till 0 - o- O 

- 0 - o-
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0 0 

data obtained through the studies on sediment cores and geologica l 

boring of the lake depression and surrounding territory. During 

last 5 years 75 sediment cores taken with 1.5 m sampler and 8 cm 

taken ~ith 4 m sampler in different parts of the lake were investi1 

ted (Fig.). Geological drilling was performed down to the depth or 

30 m in the south-western part of the lake in 1934 (Kp8CHoa,Pe~He1 

1936). Two till horizons were drilled through but the full thickmFig. stratigraphy of bottom sediments of Lake Ladoga. 

of glacial deposits was not revealed. Interglacial sediments were c 

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

with vivianite inclusions and dark greenish- grey clays with the re 

nants of marine mollusc fauna. Brown varved clays underlie the upi 
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till layer. Interglacial clays are enriched with organic matter and 

contain combustible gases which spurt up during and after the 

boring. Till of the last glaciation is covered by greyish varved 

clays the thickness of which varies from D to ·1·5 m in Ladoga depres-

s ion. The thickness of a pair of varves increases down the sec-

tion and reaches 3-5 mm. Varved clays are spread all over the lake 

depression. 

Varved clays are gradually replaced by homogenous clays deposi­

ted during the Preboreal and Boreal. Their thickness varies between 

D.4-0.8 m. These are rather dry pelitic or aleuropelitic varved clay 

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 4 m and may be even more in th 

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

uropelitic and pelitic with the admixture of sand and gravel. Their 

density increases downwards, often they gradually pass over to home 

genous blays, but sometimes there is a fine sand layei at the c~ 
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Table 1 

Main chemical and granulome trical characteristics 

of Lake Ladoga sediments 

-----------------------
Characteristics 

Carbonates 

Nitrogen 

Si □2 aut. 

Ignition losses 

(%) 

(%) 

(%) 

Moisture content 

Fractions: sand 

aleurite 

clay 

the main size 

Silts 

4.08 

0.26 

15.5 

(%) 10.3 

(%) 70 

(%) 5-10 

(%) 40-55 

(%) 35-55 

0.05-0.01 

(%) ,40 

Homo-
Varved genous 
clays clays 

0.55 D.46 

traces traces 

5.0 3.2 

3.6 2.3 

45 49 

9 4 

8 19 

83 77 

.c □ .001 L 0.001 

52 55 

tact of silt and clay. It's especially characteristic of the southmK~Ha, 19B2) and palaeomagnetic data (TI~capeacx~A, 19B3). The cha­

part of the silt zone of the lake with water depth not more than 50wracteristics of environmental changes in the lake during late-glacial 

It was obviously a nearshore zone at the end of Boreal time. Silts and post-glacial times were reconstructed by using the data of diatom 

are rich in black hydrotroilite inclusions, sometimes vivianite analysis ( ias~~osa, 196B, 19B5). Diatoms were studied in 1B sediment 

grains are found. Silts are prevailingly greenish-grey, often ligh!cores up to 1 m in length, in 4 cores taken with 1.5 m bottom sampler 

brown. It caused by the concentration and state of some substances: and in one core with the length of 4 m from the deepest de press ion 

organic matter, chlorophyll "a'' and iron. The uppermost several ce~(230 m) of NW part of Lake Ladoga. Detai led characteristics were ob­

timetres of sediments are related to the oxydized zone of brownish tained for l ate-glaci a l time (Dryas 2, Allerod, Dryas 3) and for the 
colouring. Orange-brown upper layers overlie black ones. Sometimes 

there are several such layers in the topmost 10 cm. 
Holocene up to the modern time. 

There are 346 species and varieties of diatoms in Lake Lado-
Differences in the structure of sedirnen~are caused by the chsga sediments. They are mainly fresh-water oligogalobes. Sporadically 

ges in the lake environment during Holocene time. Ttiere are conside- there were found 5 speci es of marine diatoms, eugalobes in different 

rable fluctuations in granulometric and chemical compositions,organ!horizons of sediments: Paral ia sulcata (Heib.) Sim., Rhabdonema arcua­

matter content in silts, homogenous and varved clays (Table 1). Sil: tum (Lyngb.) Kutz., Actinoptychus undulatus (Bail.) Ra lfs, Thalassio­

are characterized by the highest organic matter content and consist sira gravida Cl., Th. excentrica Cl. They have been redeposited into 

of coarser material than homogenous clays and varved clays. the lake sedimonts fr.Jm interglacial Mikulian marine de pos its 
1 

rather 

Geochronological division of sediments is based □n µa l yn ologic, widoly spread in the eastern part of the lake surroundings and eroded 

data (A6paMoBa lif ~p. 1967), counting of sedimentation rate ( l{ypo; by rivers. Fres r.••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 

po~r in Late Pleistocene varvad clays. Aulacosira islandica ssp. heL 
Clima­

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

planktonic diatom is the most typical dominant in phytoplankton of period 
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Table 2 

Dominant diatoms complexes in sediments of Lake Ladoga 

Dominants Subdomi nan ts 

-------------------------------
1 a r g e deep-water oligotrophic lakes Ladoga and Onega, and big Fenn~ SAJ Aulacosira islandica Aulacosira distans var. alpigena 
scandinavian lakes. It's the most abundant planktonic diatom in La~ ssp. helvetica ( Grun.) Sim. 

(□. Mull.) Sim. 
Ladoga sediments from late-glacial time up to now. The enrichment A. italica (Ehr.) Si m. 

Aste rionella formosa 
diatom complexes in lake sediments takes place in the Boreal,when t~ Hass. Stephanodiscus rotula var. minutu-

la (Kutz.) Ross a. Sims 
diatom concentration increases up to 4000 per gramm of air-dry sedi - -------------------------------------
ment. In the Atlantic it becomes 2.5 million. Also the composition o 

dominant species becomes diverser (Table 2) during the Holocene cl~ 

matic optimum. The cosmopolltic diatoms become as rich in species r 

the Boreal ones. There are 3 million frustules of diatoms in Subbo-

real sediments which _were deposited during the so-called Ladoga 

SA2 Aulacosira islandica 
ssp. helvetica 

S. rotula (Ehr.) Hendey 

S. rotula var. minutula 

Tabellaria fenestrata (Lyngb.)Kutz. 
-------------------------------

SA1 A. i slandi ea Aulacosira italica 
ssp. helvetica A. distans var. alpigena 

transgression when the lake level rose 

modern one. 

more than 10 m above the ------------------:--------------------
islandica A. }talica 

The amount of frustuJ.eai n sediments is the highest in the Subat 

lantic, especially in its uppermost part (7 million). It caused by 

the growth of eutroph'ication 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 se 

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 tt 

Ancylus Lake. 

In the Atlantic the Litorina transgressions didn't reach Ladog, 

It was connected with Baltic by the river in the northern part of tt 

Karelian Isthmus. 

In Subboreal tima the continuing isostatic uplift of the nort~ 

ern part of Ladoga depression and surrounding territory caused the 

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

SB 

AT 

80 

PG 

DR3 

AL 

A. 
ssp. helvetica 

A. distans var. 
alpigem, 

A. islandica 
ssp. helvetica 

A. islandica 
ssp . helvetica 

A. islandica 
ssp . holvetica 

A. islandica 
ssp. helvetica 

A. islandica 
ssp. helvetica 

Cyclotella comta (Ehr.) Kutz. 

C. vorticosa A. Berg 

C. comta 

C. comta 

C. vorticosa 

Stephanodiscus rotula 

Cyclotella vorticosa 

Stephanodiscus rotula 

S . 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 Mga 

and Tosna and to the formation of the Neva River in the 7-Bth cen~ 

ries. 

Academy of Sciences of the u.s.s.R. 
Institute of Lake Research 
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YnK 55I.8+55I.48I+56I.26 

CBO.IUIUM CTPATl1f'PA<I>J1l!ECKMti PA3PE3 .noHHhlx OTJIOJICEHIDi 

JIA.Ii.O~CKOro 03iPA 

H.H . .naBhlA□ Ba, .n.A. Cy6eTT□ 

Pe3IOMe 

jJaA□Jll:eKoe o3epo o6p830B8JIOeJ, OKOJTO I 3 Tble. JIBT H838A .Ero 

A6paMOB8 C.A., .naBh!AOB8 H.H., KaaeoB .n.i. MeTOPl1H' JIS'A□?.eKoro AOHHNB OTJIOJll:8nl1H npeAeTBBJIBHhl 3 Tl1TT8M11: JIBAHl1KOB!ill /MopeHa/, 

oaepa B I'OJIOUBHe no ABHHIDI crropo-Ilhl.11.bUeBoro H AH8TOMOBOI'O oaepHOJIBAHl1KOBl>!M / JIBHTO'!Hble I'Jll1Hhl/ 11 038pHNM /rOMOrBHHble I'Jl11-

8H8'JIH80B, - 8 KH,: J.1CTOP>'IH □ 3ep Cesepo-3arr8'A8o JI. 1 I 967 , HH, J,1../!hl, rrp11':lpBl!CHbl8 neeKJ,1/, PB3JIP1qa1011111MeH no rpaHyJIOM8Tp,1qec-

I I 3-I32. KPIM H X11Ml1q8CKHM napaMeTpaM. B KOTJIOBHH8 ReKph!TO 2 M□peHHh!X 
.nash!,!t□ Ba H.H. ):HaTOMOB8.ll q:.11opa r□JIOUBHOB!,!X O'f'JIOJKBHHil JiaAOJI:- rop1130HT& i,t M8llCJIBAH11KOB8.!I TOJIIIl8 AO 4 M MOlljHOCTH, TI03AH8J18AHIII-

CKOI'O oaepa. - B KH •: ;ieKonaeMl,le Al18TOMOB!,!B BOAOPOCJIH KOBhlB Jl8HTOqHbl8 !'JIHHhl AOeT£f!'8IOT I 5 M M0ll!HOCT11, roMOl'BHHh!B !'Jll1-

CCCP. M., 1968 1 97-102, Hhl, e~o pMl1posaarn111ee.11 B npe6opeaJie H 6opeaJie, - A□ 0.8 M, 11./!hl 

.naBl,J,ll;□ B8 H.H • .n11aTOMOJ3ble BOA□p□ eJIH - HHAHKBTOp!,! ITPl4POAHHX ye- epe.n.Hero 11 B8pXH81'0 l'OJIOU8H8 - .n.o 4 M, CoeTaB Al18TOM0Bh!X 90-

JIOBlllil BO,D,08140B B r□JIOUBH8 • JI, t I985, 243 C • ,D,OpOCJIBM 8 OTJIOJll:8Hl1liX eBHA8TBJI.beTBY8T, qTo Haqll!H8Ji co CPBAHB-

KaacoB .n . .n. TI08AHeqeTB8pTlll1iH8Ji• IIIC't'OpH.11 oaep H BHYTPBHHHX MO­

peti B□CT□qHo·v. EBpom,1. JI., I975, 278 e. 

KpaeHOB :n.:n. 1 Pei!HeKe B.rr. 0 raa□HOeH□ CTIII qeTaepntqHblX OTJIO- Kl/18 BOAH B II08,L!H8- H rroeJI8JI8AH1'!KOB08 BPBMH 9 Jia.n.ory He np□HH-
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Their absolute heights vary from 30-60 to 1□□-12□m. The lowlands are 

represented by undulating limnoglacial and morainic plains. The 

thickness of pre-Quaternary deposits increases from north to south 

from 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~udomy and Bezhanitsk 

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

ever, glacial morphogenesis was greatly influenced by the pre-Quatervailing absolute 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 Bezhanitek upland - 200-250 m. 

termined the directions of the movement of ice streams, their diffeThe thickness of Quaternary deposits fluctuates from 40-60 to 170-

rentiation into glacial lobes and tongues of various rank. During tt20□ m. The surface of uplands is composed of large ma ssives and gla­

degradation of ice positive and negative macro- and mesoforms had 'ciodepressions 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 ratheistretch the Velikiye Luki and the Sebezhy elevations being a part of 

active, areas of passive or dead ice were formed on higher parts of the main ice marginal zone. The absolute height of the elevations 

relief. fluctuates from 130 to 200 m. The thickness of Quaternary deposits 
A number of lowlands and elevations, lineary elongated escarps,ranges from 20-40 to 80-120 m. The surface of the elevations is corn­

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

region. The most important of them are the Pskov and Preilmen low- ridges 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,inhe•rhe formation of lakes is, first of all,related to accumulation of 

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

vers of Plyusskaya, Velikaya, Shalon, etc. are characteristic of the locality. 

The Valdai glacier occurred in the territory of Pskov region ir The most widespread lakes in Pskov region are those of glacial 

the form of two glacial lobes (the Velikoretsk L. and the Lovatsk L.arigin, their basins were formed in the place of blocks of buried 

belonging to the Peipsi and Ladage glacial streams. The above-mentitdead ice as a result of the inversion of glacial relief. That was the 

ned glacial lobes occupied the Pskov and Preilmen lowlands, respec t!way insular uplands, marginal formations, outwash plains came into 
vely. Their retreat resulted in the formation of the complex of being. 

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

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

aqueoglacial accumulative relief forms, morainic hills, eskers,kame11akes of the region. Morphology of glacial lakes of insular heights, 

subglacial grooves, rills of meltwater discharge. marginal formations and outwash plains differs. So the basins of gla-

The main large macroforms of lowlands, uplands, elevations arEcial lakes of outwash plains are less complicated and bigger in size. 

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

lowlands in the west and east occupy a greater part of the regi on.charge. Such hollows were formed as a result of the subglacial drai-
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gas . The lakes fill in low placas of hummock-and-hollow and ridge 

raliaf . Meltwa ters, buried ice, rugged forms of pre-glacial raliaf 

hava contributed to their formation. The structure of dammed lakes 
--------------has much in common with that of glacial lakes. 

Types of lakes Are~, 
km 

Glacial lakes of 

morainic-hilly □ .5-8. □ 

uplands 

outwash plains 1-15 

Kattla-holas 1-5 

Dammad lakes 1-8 

Residual lakes 0.1-10 

Erosional gls- 0.1-2 
cial lakes 

Dspth, m 
mean max. 

4-9 25-35 

4-6 10-15 

4-8 20-26 

3-4 8-10 

~3 5 

4-5 17 

Type of rslief 

hilly morainic up­

Erosional glacial lakes were formed in pre-glacial river valleys 

on the territory where the thickness of Quaternary deposits was not 

considerable and ancient valleys are well expressed in modern raliaf. 

lands, outwash plainsThis is typical of abrasion-accumulative limnoglacial plains. 

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

outwash plains filled by till f orming dams hera and there, and giving rise to lakes. 

outwash plains Usually such lakes are elongated in shape and are of mean depth. In 

gently undulating ma.valleys they form chains of lakes connected by a rivulet. For ins-
rainic limnoglacial tance there is a group of lakes • th 11 f 
plains ' in e va ay o the Mitkovka River, 

limnoglacial plains e.g. lakes Utya, Usovsk, Kuchinsk, Troitsk, ate. 

The above-mentioned genetic types of lakes are related to two 

main stages of relief: hilly-morainic uplands and fluvioglacial 

nage of tha malting glacier along the ica margin and radial fissureplains (lowlands). It has determined t~e morphology of lake basins 

in its body. Quite frequently the location and tha direction of charfirst of all, their depth, telling upon the development of lakes in 

nals ware determined by tha ancient river drainage. Channel lakes b1the Holocene. 

came widely spread during the transitional stage from hilly-morainic Beside the above types of lakes in Pskov region one can coma 
8

_ 

to outwash plain relief (Table 1). ~ross flat-bottomed, delta and karst lakes. They are quite few that 

Channel lakes are of remarkably elongated shape. Tha ratio o~s why we do not give their characteristics. 

length to width is 10:1 or 15:1. Usually such lakes era situated lr On the territory of tha region the lakes ara spread unavanly 

groups following ona another. Joint by river arms they form laka-rl~hich is datarmined by the character of tha relief . Most of the lakes 

var systems stretching over tens of kilometres (e.g. Usmin - Gorod,.are to be found on hilly-morainic and outwash plains, whsra from 4 
Ozeronsk, the Usvecha - Ushansk, the Mogilno - Sutonsk and other sy~0 8% of the surface is taken up by lakes. A small number of lakes_ 

terns. less than 1% is typical of slightly undulating morainic and limnogla-
Rasidual lakes still exist on the site of pro-glacial water i,::ial plains. 

dies, which became dry as the glacier retreated. The formation of According to palynological data lacustrine hollows were formed 

the basins of residual lakes is caused by the ruggedness of badroc'n the territory of Pskov region in late-glacial period creoMopqio~orMn 

relief and irregular accumulation of till. The characteristic featu' qeTaepTMQH&e OTAo~eHMR Ceaepo-3ana~a EaponeHCKOH qacTH CCCP, 

of residual lakes is their round and oval form, a slight jaggednes,1969 ; lfyAbU M ~p., 1963). So in the floodplain of Lake M.Ivan be-

of low and often paludifisd slopes, shallow water (Table 1). iea th the lake marl of the Holocene age at the depth of 1.3 m silts 

Dammed and erosional glacial lakes are less spread in the r~>f the Allerod age were discovered. The same is observed in the 

gion. Dammed lakes were formed as a result of the obstruction of g{loodplain of Lake Usvyatskoye. On the Sudomy Uplandslake basins 

cial meltwatsr streams by morainic and aqueo-glacial hills and ri~xiS t ed already in the Subarctic period though being the waterbodies 
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of local limnoglacial type. day lakes of the hilly-morainic uplands it is 2- 3 m, on outwash 

The reconstruction of ancient lakes by means of palynological plains it ranges from 2-3 to 5-6 m, being 4-9 m on limnoglacial 

methods on ths territory of Pskov region testifies to the fact thatplains. 
primarily lakes made up 20% of the surface. Nowadays they account fc Under the joint influence of the above-mentioned factors in the 

6% only. Holocene some of the lakes disappeared, others became shallow and 

The main reason of the mass drainage of the lakes at the begin.are turning into mires at present, whereas the remaining ones have 

ning of the post-glacial period lies in the drainage of the lakes b~reserved their original character . The degree of the preservation 

the river systems. Kunskas (HyHCKOC, 1975) states that a newly for~f the lakes depends on the type of the relief which determines the 

med rivermouth lowers the level of a lake as much as 1-3 m. The con~epth of the lake basins. 
jugated character of the lake and river terraces also teS t ifies ~ Shallow lakes were formed on limnoglacial plains, prevailingly. 

the lowering of the level of the lakes (AecHeHK□, 1976 ). The dataTheir primary depth usually did not exceed 6-10 m. In these places 

concerning the history of the development of the river syS t em of t~iver systems started to develop earlier, and, consequently,the drai­

north-west of the East-European plain testify to the fact that th8 nage went on at a higher speed. The accumulation of deposits also 

main river systems began to form here in Preboreal time, and - a bstimulated the process of shallowing and overgrowing of lakes. The 

later their tributaries formed. The valleys of the rivers were for™drainage of the lakes was especially intensive in dry periods.The Es­

on the site of the hollows along which glacial waters used to flowtonian researcher u. Valk (Ba~K, 1971) has pointed out that on the 

down or inherited the pre-Quaternary hydrographic syS t em. The firS\territory of Estonia in the Preboreal pePiod the number of mires for­

river terrace above the floodplain is related to the second lakil.ned was 8 times as much as during the second half of the Boreal. 

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

first lake-shore terrace, the lower flood plain terrace of the rivelakEs of slightly undulating, morainic and limnoglacial plains has 

to the lacustrine flood plain terrace. turned into bogs. The peat deposits of the large raised bogs some tens 

The development of the lake basins was influenced by the chan9:if square kilometres in area (Nikandrovsky - 10 sq.km, Tsavny Kokty -

in the climatic conditions and the processes of the formation of 1~ sq. km, Bolshoy Mokh - 59 sq. km, Linovy Mokh - 54 sq. km and ot­

custrine deposits. The Holocene is characterized by the alternatiO,,ers) are, as a rule, underlain by lacustrine deposits.According to 

of dry and humid climatic periods. The dryness of the climate in t~. Tamoshaitis (TaMoma~THC, 1970), V. Lesnenko (AecHeHK□, 1976) 

Preboreal and Subboreal periods caused the shallowing and overgr0 "'1and others, the ancient lakes 6-8 metres deep turned into bogs in the 

of the lakes. According to investigations ( rapyHKWTHc,1959) the ~olocene. 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, t~imnoglacial plains has reduced ten times. 
drainage of the river systems grew. Outwash plains taking up a great part of the area of the extra-

Both the quantity and quality of the accumulation of the laClJlnarginal zone of the Velikiye Luki and Sebazhy marginal formations 

rine deposits are connected with the changes in climatic conditio1'1re of aqueoglacial origin. A peculiar feature of the outwash relief 

Humid periods resulted in the increasing inflow of terrigeneous dlllls a great number of lakes - 6-8%, which is determined by a watershed 

sits, whereas dry warm periods favoured the inflow of calcareous lllsituation of the territory, a weak indentation of the river system, 

organogeneous deposits. The total thickness of lacustrine deposilthe lakes are deeper as compared to those of limnoglacial plains. 

in the mires of the lacustrine origin is 3-5 m, while in the pres!Here, too, the majority of the largest lakes of the region is loca-
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tad. sins of the hilly-morainic uplands have reached their 

maturity.If to 
The lake basins of outwash plains are mainly of glacial or1g1n, reckon less than 2-matre-deep lakes among 

overgrowing ones,they will 
less often they are represented by kettle-holes or dammed hollows. account for about 13%. 

They have all the features of maturity: a smaller indentation of t h1 Thus , the speed of the disappearance and paludification of lakes. 
coast line than that of the lakes of hilly-morainic uplands,tha lit depends, to a greet extent, on the type of relief. 

toral zone is well formed, the bottom relief of the lake basins i s under the hilly-morainic relief conditions the 
In the Holocene, 

depth of lakes reduced 
flat-rolling. 2-2.5 times, whereas on limnoglacial plains it reduced 5 times. Ac-

The river system of the outwash plains is most often presented cording to our calculations the lifetime of 
recent 1.5 m deep lakes 

by small river channels, the depth of the downcutting of which is 2•in natural environment is about 750-800 years (RBCHBHKo, 
1975

). 

3 m. The formation of the river system stimulated the drainage of Consequently, forecasting the development of the lakes of the 
shallow lakes 5-6 m deep, which later turned into peatland, several territory under study one 

may assert the fact that in the nearest fu-
kilometres in area. The paludifiad area of outwash plains makes utura the character of the lakeland is not likely to change since it 

6-10%. The area of considerably large lakes has reduced by one thirwill take hundreds of years before they overgrow. However, these cal­

(L. Osino - 8 sq.km, L. Big Olbyto - 8.4 sq.km, L. Beloya - 3.7 s q,culations do not take into account human impact which can either no-

km, ate.). ticeably increase the process of paludification or th 
, on e contrary, 

lifetime of lakes. Shallow lakes, up to 2 metres deep account for 15% of the areprolong the 

of outwash plains. Their basins are filled with a 4-5-metre-thick 

layer of deposits. As a matter of fact, these are overgrowing lakes 

With respect to the area hilly-morainic uplands coma next afti 

limnoglacial plains. Due to remarkable water depth the process of 

Pskov Pedagogical Institute 
named after S.M. Kirov 

R E F E R E N C E S 

the drainage of the lakes of hilly-morainic uplands was slower th,BBJIK Y.A. OO HSMeRBHHRX KJIHM8T8 SCTOHHH B r□JIOQBHBo - 8 KH.: Ila-

that on the aqueoglacial plains. According to our data the lake ari JIHHOJIOI'KR r□JI□QeHa. M., I97I, 43 - 5I. 

reduced by one fourth in the Holocene.In our epoch the lakes take trapyHl(lllTHC A.A. 3Wo1BQBRHR no BOCCTBHOBJIBHHD na.11eorH~po.11orKqecKo-

3-4% of the uplands, while the miree account for 2-6%. ro peXHUa HBKOT□pwc oaep RKTOBCKoi CCP. - Tpy~H III Bceco-

Tha lakes of the uplands are remarkable for their depth and DaHoro rH~po.11or;i:qecKoro c~es~a., ,1, R., 1959
1 

II2 _ rr 4 . 

complicated structure of the lake basins characterized by stronglreouoJ)(f>o.11orxa • QBTBBJ)THQHHS OTJIOXBHHR Ceaepo-3an~a Espone»cKoA 

intended banks, dissected relief of the base of lake basins. The s. QBCTH CCCP, R., 19691 2fiI c. 

pas of the lakes coma down abruptly towards the shore of the lakesl<yHCK&C C.A., CaayKIIIHBHe H.n., BafqBJIJIBHC B.A. 3aBHCHMOCTh CB~H­
M8HT81.{ill1 OT 1113MBH8Hl'lll KOTJIOBHHhl r,i· rising 15-20 m above water level. Juvenile landscapes are characte 

ristic of the lakes of uplands. 

The lakes related to hilly-morainic relief vary in depth. HI 

npoT□QHocT11 osep a ro~one­
He. - B KH.: HaKonJieHue B 

n emecTB· ~ MBAHX oaepax Dr□-BOC'I'OQHoA 
RKTBH, !975 1 45 9 _ 472 • 

we may distinguish three groups of lakes: shallow - 2-4m, avarageRecHeHYO B.K. OcoOeHHOCTK paa~uTu_a 
-rn n .~ osep o6~4~TM aa~~aAcKoro OJIS-

5- 1 □ m, deep - more than 10 m. Only the first two groups are typic 

of the fluvioglacial plains. 

The distribution of lakes according to their depth testifies 

the fact that about 50% of the lakes or, to be more exact, lake t 

~BHBHHJI B I'OJIOQeHe. - B KH.: HCTOPHR osep B I'OJIOOBHe. IY 

BceconSHHA CHMnoaeyu no HCTOPHH oaep. A, . 3.R., I975,7?-8J. 
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JleeHeHKO B,R. MaTepPIBJil,l'. no reowopq:O.IIOI'l'IPI oaepHhlX KOTJIOBHH llcKOB 

CKOM 06.1taCTH, - B KH,: IlPHPOAS PI XOSSHCTBeHHOe HCilOJib80Ba. 

HKe oaep Cesepo-3an8,!1;8 PyCCKO~ paBHHH~,Blin,I,JI.,I 9 7 6 ,ll-2i 

JiecHeHKO B.R. 0 rrpoPICXOl[,Il;eHHK 60.IIOT IlCKOBCKOi 06.1taCTH, - B KH, 

rrpxpoAa PI xoasicTaeaaoe HCilOJib8OB8HHe oaep Cesepo-3anaAa 

PycCKOi paBHKHK, JI., 1976, 28 - 37. 

TaMowaiTKC D. PasBPITKe oaep B 88BHCPIUOCTH OT PIX KOTJIOBPIH, MCTO• 

pPIH osep. TpyAJ,1 BceCOD8HOI'O CPIUil08HYU8, 2, BHJibHDC, 1970, 

Il{yJibU c.c., Moll88B B.H. PI AP• CyAOUCKSH BO8B1,llileHHOCTb, JI., 196: 

!18 C, 

Y~R 55I,3I2:55I,794:55I,89 

3BOJIDqIDl 03EP ITCKOBCRO~ OBJIACTM B roJIOUEHE 

PeaDMe 

3B0.Jl;.DUKH oaep HSXO~PITCH B TeCHOi aaBHCHUOCTH OT THUS .1tei 

HPIKOBO-aKKYJ'Y.IISTKBHOI'O. BO~HO-JieAHHKOBOI'O pe.1tbe~a. B noc.1te.1tei 

HHKOBOe apeus p88KO COKJ)BTHJIBCb oaepHOCTb oaepHo-JieAHPIKOBNX 

paBHHH PI ueHee Beere - XOJIMHCTO-MOpeHHl,IX B08B!,lllleHHOCTei, Teuc 

paBBKT■S osepHKX KOTJIOBHH aaBHCJIT npex,zte acero OT PIX r.7IY6HHU, 

coapeweHHYD anoxy aa60.1taqzaaHKe oaep HaK6O.1tee HHTeHCHBHO npo~ 

KaeT e YCJIOBHHX BOAH0.1teAHHKOBOI'O _pe.1tbe~a, oco6eHHO HB oaepHC 

ITCKOBCKHM rocy~apCTBeHl!ld 

neASI'OI'PIQ8CKHi HHCTHTYT 

KM. C .M. KHpoea 
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PHYSIOGRAPHY OF THE CENTRAL PART OF SAADJARV DRUMLIN FIELD 

WITH SPECIAL REFERENCE TO LAKE RAIGASTVERE AND ITS 

SURROUNDINGS 

A.-M. R6uk 

Introduction. Saadjeirv drumlin field or Vooremaa ("Drumlin area", 

"Drumlinlend") serves as a lake atratotypa area in Estonia. For these 

purposes it proved necessary to present e more detailed survey on na­

tural conditions of the area with special reference to Lake Raigaet­

vere and its surroundings. 

Sasdjeirv drumlin field is located in the central pert of eastern 

Estonia between the towns of Jogeva and Tartu (Fig. 1). The drumlin 

field is bounded by different landscapes; in the asst it borders on 

flat and densely forested Alutaguse area, in the north on the rich-in 

-fields Pandivere Upland~ ,in the west on largely cultivated Central 

Estonian Plain, in the south-west on the boggy basin of Lake V6rta­

jarv, in the south and in the south-east on the rich-in-fields South­

East Estonian Plateau. The transitional zone between Saadjijrv drumlin 

field and Pandivsre Uplands includes the upper course of the Pedja 

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

bounded by almost continuous belt of hilly moraine relief and kame 

fields being of little importance for agricultural purposes. 

Hypeometrically Saadjarv drumlin field represents a water-shed 

upland which south-eastwards turn gradually narrower and lower. This 

area forms a relatively well-defined physiographic (landscape) region 

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

from north-west to south-east is about 55 km end from north-east to 

south-wast (et the widest place) 27 km, its area totals 1200 km2. 

Unlike the Pandivera Uplands which has a limestone core,the Voo­

remee Area as a large relief form is composed of loose Quaternary de­

posits with their total thickness usually not exceeding 60-70 m, how­

ever, while related to buried valleys, it may amount to 100 m and 

even more. In the northern pert of the drumlin field the beesmant ia 
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smaller and more elongated drumlins with steep slopes (Rouk, 1974, 

1976)- I n addition to drumlins and interstitial troughs there occur 

small undulating moraine plains, eskers, moraine hills and 

holes- Small dunes and other relief forms are rare. 
kettle-

Saadjarv drumlin field is a densely populated area, and for the 

most par t the drumlins and moraine plains have been turned into 
fields, whereas the majority of boggy troughs between drumlins serve 

as hayfields and grazing grounds. The forests, once widely 
buted on e l evations, have surv i ved only in places on steep 

and sandy-gravelly soils less suitable for tillage. 

distri­

slopes 

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, Rouk, 

1979; Kask, 1984). Keeping in mind, that the local bedrock relief 

has practically not affected the drumlinization, these drumlin lakes 

may be considered as classical in the world, and therefore the struc­

ture of these lake basins is of great. scientific interest. One 

should edd 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 wi th below in more detail. ~ 
L----------'~-------i7i.~a~r~'-"-l..-----------' Topography and Geology. The area under consideration, i.e. the 

Fig. 1. Map of the investigation area - the central and southern Central South Vooremaa Area extends from L. Kaarepere Pikkjsrv up to 
part of Saadjarv drumlin field - showing the situation of L. Raigas t- • 
vere. 1 - drumlins and drumlin-like ridges; 2 - the main esker chaim lakes Saadjarv and Soitsjarv in the south-east (Fig. 1). The surroun-

3 _ the main kame fields; 4 - lakes. dings of L. Raigastvere and adjacent lakes represent a streaky clas-

sical landscape of big drumlins of NW-SE orientation. As beside lar­

composed of carbonate rocks, in the southern part it is made up fr~ ge well-developed drumlins, characteristic of this area, one may 

Devonian rocks prevailed by sandstones (e.g. KanK, 1965). come across small drumlin-like ridges; the relative heights fluctua-

SaadjHrv drumlin field is notable for the remarkable size of te from some metres to 45 m, however, if measured from the bottom of 

drumlins. Their number totala 100, they are of NW-5£ orientation. Fm lake basins (from till surface) partially filled with recent sedi­

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 hig~ In the northernmost part of the area the bedrock is composed of 

est, northernmost pert of the drumlin field (up ta 144 m a. s • l.) pr1· limestones and dolomites of the Lower Silurian Raikkula Stage. South­

veil especially 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 1~ of the Middle Devonian Parnu Stage , fallowed by the Narva Stage with 

war, but mare 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-

most area is prevailed by silt- and sandstones of the Arukula Stage 

(Aaloe et al., 1960; R66musoks, 1983). In the study area the bedrock 
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fields mark usually ancient coastlines. 

Accor ding to A. Raukas ( PayKac, 1978) the content of crystal­

line rocks in the pebble fraction of till fluctuates from 5 to 20% 
is overlain by relatively thick Quaternary cover and is not exposed in the dr umlin field, whereas the content of Devonian sand- and silt-

anywhere. stones ranges from D to 2%. The vast majority of carbonate rocks in 
With respect to pre-Quaternary relief the central part of the till comes from the region north of the study area where Quaternary 

southern Vooremaa area is located on the southern slope of the Pandi- cover is thinner. The content of carbonates (calcite and dolomite) 

vere Upland rising from the Viru-Harju Plateau, and on Central Es- in fine sand fraction reaches 60% in the northern part of the drum­
tonian Plain. The absolute height of the basement decreases according lin field , being only 20% in its southern part. 

ly from north to south from 50 m to about 20 m. The data obtained Comet drumlins with a characteristic high stoss end and relati-

through boring show t'hat the ancient relief is quite modestly dissec. valy steep slopes occur in the central part of the drumlin field. 

ted. From sinal18 r relief forms one has to mention a buried valley in- Elongated and often rather deep troughs are located between drumlins. 

tersecting the floor of the Central Estonian Plain in NE-SW direc- The length/width ratio of drumlins is usually 6:1 _ 8:1, whereas 

tion. The floor of the valley lies in places lower than 10 m below their length ranges from 3 to 8 km, and relative height from 10 to 

sea level (e.g. TasacT, Pa,yKac, 1982). 4D m. Initially, be fora the accumulation of sediments in troughs, tha 

The bedrock is prevailingly covered with till, in which one car difference in relative heights was considerably greater amounting to 

distinguish two layers with different lithological composition, most 75 m, as it was mentioned above. Of 1lhe greatest height is the top 

likely related to Valdai and Moscow glaciations (Late Pleistocene).Ir of Nava drumlin (96.9 m a.s.l.) between the lakes of Pikkjarv and 
places, first of all, in a buried valley near L. Saadjarv one may c~ Prossa. 

me across still older till related to Dnieper glaciation (Middle Ple• About 3. 5 km to the north-west of L. Raigastvere a ridge of 

istocene) and may be even to Early Pleistocene glaciation (e.g. f{ani marginal eskers, esker-kames and kames composed of glaciofluvial 

1965; PayKac, 1978). The share of fluvio- and limnoglacial deposits sands and gravel crosses the drumlins and drumiinoids . Here and 

located between ti 11 layers of different age, is not remarkable• Late, there the dr umlins are intersected by peculiar water-gaps and hang­

glacial deposits are represented by varved clays, silts and sands ing valleys of NE-SW direction, to which sometimes small gravel and 
(first of ell in troughs between drumlins), and pebbles, gravel and sand accumulations are related. 

sand (in marginal formations). Holocene sediments are prevailed by Sinca lake basins have developed between drumlins in the course 

sapropel, lake lime and peat in interstitial troughs.The thickness c of drumliniza t ion, and almost simultaneously with drumlins,they are 

from 20 m to 40 m in the area of smaller not only elongated in the same direction with the latter, but also Quaternary cover ranges 

drumlins, in the region with big drumlins it amounts to 6□- 70 m, bi 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-grey ding drumlins ( PiiyK, 1983; fo1ppyc, PhlyK, 1983). for these purposes 

colouring, rich in lime, consi'sting of clayey sand or sandy clay ,pre the basin of L. Raigastvere which is located between strongly alon­

vailingly, the content of stones is lower than in North ES t onian til gated, close- l ying drumlins with steep slopes, characterized by wi­

The coarse till fraction is prevailed by carbonate rocks, pebbles c der stoss part and long slowly narrowing and lowering tail, is rela­

crystalline rocks are rather rare. As a result of clearing the stoni tively narrow with staep banks and resembles a valley. It is bounded 

from fields, the boulders are rare in cultivated areas, small storn by Raigastvere twin-drumlin (abs . height 91.0 m, relative height 
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38 .8 m) in the south-wast and by Praaklima drumlin (abs. height 

9o.7 m, relati ve height 38,5 m) in the north-asst. A bit farther to 

tha east and south-east are situated the low Elmiku drumlin and re­

latively flat Elistvera drumlin (Fig. 2) . 

According to recent data ( PayKac Iii .LIP•, 1971) tha continental 

ice ratreetad from the central part of Saadjarv drumlin field more 

then 12,250 years ago. Immediately after the retreat of the ice the 

area was inunda ted by tha waters of ice-dammed lakes, only the tops 

of higher drumlins emerged from the water (Rouk, 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 tha late­

glacial tha 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 evidanca 

wava-cut scarps and stone fields located at different heights.On tha 

eastern slope of Raigastvera drumlin they are tracabla up to height 

of about 15 m above present lake leva}, Higher than 60 m a.s.l. they 

have been disturbed by ploughing and prove, thus, unreliable for eva-

lusting ancient water level fluctuations. Wave-cut scarps 

distinct at heights 1,5 and 4.0 m, the latter level is in 

marked by small stone fields. 

are more 

places 

~- Estonian climate is somewhat intermediate between ma­

rine and continental ones. According to the continentality of the 

climate, the area under the immediate effect of the Baltic Sea and 

that of Interior Estonia are distinguished. As Saadjarv drumlin 

field is located at the distance of 140-150 km from tha sea,its cli­

mate has obtained some signs of continentality with respect to coas­

tal 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 microclimetas end local climate, then accord­

ing to Estonian climatic zonation scheme (Reik, 1967) Saadjarv 

drumlin field serves as an independent unit in tha North Estonian 

subregion of Interior Estonian climatic region. 

As Saadjarv drumlin field lies in tha region actively influen­

ced hy North Atlantic cyclones, its climate is humid and the weather 

is rather changabla, especially in autumn and winter.Winters are mo-

' ' ' • . . , ....,.Si, :,; " 

•... ~•~•• l-:.:. 
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darat1ly mild but long, summera cool and short. The lowest 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 ....... .--:-------c:--,-~-,---------~ 

ly clear and dry. The main climatic characteristics are presented in ~ 

fig. ~;a eoldut ~nth of tha yaar i, Fabf,ary (tha maao air tamper,. • ,·,. ~--• ·•••.: a--~~ 
ture is -7°C). The highest mean air temperature (16-17°C) is related • i,i:i. ~ 
to July. The mean annual air temperature (4-4.5°C) is a bit lower ..-,,- , ~ • • • r--.(~_,.r.,,. 

than in surrounding areas since the absolute height of the drumlin 

field is greater. With respect to other Estonian regions, Saadjijrv 

drumlin field is characterized by relatively great air temperature 

fluctuations and tha shortest period without night froeta (it lasts 

only for 110-120 days). The vegetation period (average temperature 

above s0 c) lasts mostly for 170-175 days, the period favourable for 

the growth of thermophilic plants (average temperature above 15°c) 

lasts for 40-45 days only, end the sum of active temperatures ranges (.) 

$1---..s::·· 

from 1650-175□0c. The spring frosts are likely to occur here earlier ~----------...._ __________ ....J 

then in other parts of Estonia. If on the islands and on the western 

coast the last frosts occur towards the end of April, then here thay 

continue for a month longer; the autumn frosts begin a month earlier 

than on the western coast (Easti NSV agroklimaatiline ••• , 1962; Too- n:---;;-------:;:::;--,--,---.r--------~ 
ming, Arold, 1977; ArpoK.11111o1aTwqec1rne pecypcfl ••• , 1974). -~ -~ Wt .. 

Like in Estonia, as a whole, the prevailing winds in Saadjijrv ~...-J, 
drumlin field ars south-westerly which bring from the Atlantic Ocean •·· .'\~ ~ 
relatively cool and humid air masses. The mean annual precipitation -~·.-.• / C>- _,/ 

is 600-650 mm. Dua to the vicinity of the Pandivere Uplands and avi- -~ 
,'Ol" .I 

dently because of greeter absolute height, precipitation is a bit ___.t 
.f,,a • 

heavier than in surrounding lower-lying areas. About 60-65% of an-

nual precipitation fells 1n 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 December and melts at the end of March. The snow is usually 

the deepest (generally 30-40 cm) at the end of February and early in 

March, reaching sometimes 90 cm. There are 50-60 foggy days a year. _1::s __________ .L-0...:.. _________ J 
Due to the shortage of forests sttong winds make themselves felt in 

Saadjarv drumlin field more than in surrounding areas (ENSV agroklii· 
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ma ... , 1962; Tooming, Arold, 1977). L. Raigastvere pine woods are spread only north-west of it, on Nava 

Due to dissected relief microclimetic conditions reveal regular and Ehavere ice-marginal formations. To the north of the latter, in 

variations within the boundaries of the drumlinland • Microclimatic the environs of Luua settlement one comes across a more extensive 

differences between drumlins and interstitial troughs are remarkable mixed woodland area with abundant broad-leaved tree species, e.g. 

Thus, the difference between maximum air temperatures on the drum- Fraxinus excelsior, Acer platanoides, Quercus robur, Tilia cordata, 

lins and in boggy troughs may be 5-6oC at calm clear nights (Arold, Ulmus laevis, etc. 

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

Vegetation. According to geobotanical subdivision of the ES t O• wide and more or less continuous Alnus incana belt, which in places, 

nian territory (Laasimer, 1965) Saadjarv drumlin field belongs to contains Alnus glutinosa as well. Salix sp. and 8etula pubescens are 

the East-Baltic geobotanical subprovince with the species of weS t erndistributed on low paludified shores in the south-eastern and north­

provenance being of much more limited distribution than in coaS t al westernmost parts of the lake. The surrounding drumlins have been 

areas. It is related to the East and Central Estonian spruce woods almost entirely turned into fields with only their steep slopes being 

and mixed spruce forests area where it is considered as an i ndepen- used as grazing grounds (e.g. the eastern slope of Raigastvere drum­

dent subregion. The area has been inhabited from time immemorial, lin). The area adjacent to the lake is relatively densely populated. 

people have lived here for thousands of years, and left their trace: Soil Conditions. Saadjarv drumlin field is considered as an in­

on the development of plant cover almost everywhere. If in th~ mar.dependent soil microregion (see: Eesti NSV mullastik ••• , 1974). Of 

ginel zone of the drumlin field one may coma across a patch of poor-its area, as e whole, automorphic soils account for 40%, subhydro-

or rich-in-species spruce wood, and on the eastern bou ndary also 8' m□rphic soils and hydromorphic soils (bog soils) make up 35% and 25%, 

cross small stands of pine, then in the central part the natural i ~respectively. ln view of the texture of soil, clayey sandy soils and 

tact plant cover is almost lacking, the area is covered wi th secon•sandy clay soils (making up 70% of the area of soils, as a wh□ le)are 
dary natural plant communities, and the share of foreS t s is ra ther of the widest distribution. In the southern part of the drumlin 

small. About 4/5 of the territory, i.e. alm□ S t all its elevated field, where the drumlins lie close to one another, the share of au­

areas and easily drainable troughs have been turned into fields and tomorphic soils is higher and that of hydromorphic soils lower than 

cultivated meadows. Thus, the south of the central part of Saadj~ret an average. Also the contribution of subhydromorphic sails is 

drumlin field serves · as one _of the most largely cultiva t ed areas isomewhat modest in the southern part of the drumlin field. It is ac­

Estonia. The troughs between drumlins are occupied by paludified counted for by the circumstance that here the slope gradient exceeds 

poor-in-species meadows, minerotrophic meadows of different type, its average value, and temporarily excessively moist areas are of li­

birch stands and, in places, by mixed spruce forests. In f□rsakenmited distribution at the foot of the drumlins. 

areas, fallows, coppices used for grazing, and on field edges one In the immediate vicinity of L. Raigastvere automorphic soils 

can meet small shrubberies of Alnue incana. Wetlands are represen·ere dominated by brown soils, lessivaged brown soils and pseudopod­

ted mainly by eutrophic mires, raised bogs are rare. Swamps and ~zolic brown soils which are related to the tops end slopes of the 

terlogged mineral lands have been mostly drained and turned into drumlins and undulating moraine plains located north-west of the 

cultivated meadows (grasslands). lake. Gleyed soils and gley soils (subhydromorphic soils) are distrL-

The forests are small. On elevated relief forms they occur 00·buted as narrow strips on the foot of drumlins, in lower parts of 

land 
cultivation is aggravated due to erosioplains and in the elevated marginal areas of troughs. The troughs 

on steep slopes where 
and also in sandy and gravelly areas. In the immediate vicinity 0between the drumlins are occupied unexceptionally by soils of flood-
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plain only (Fig. 4). On steeply dipping drumlin slopes soils may 

be from weakly to averagely eroded, the thickness of the overlying 

deluvial soil layer does not exceed 1 m. 
In Saadjarv drumlin field the vast majority of automorphic 

soils belongs to the most fertile soils in Estonia. If to use a 100. 

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. There are 12 lakes wit~ 

in the boundaries of Saadjarv drumlin field, of which 10 are locater 

in its southern part. These are the lakes Prossa, l'\aarepere Pikkjar1 

Ilmjarv, Raigastvere, l'\aiavere, Elistvere, Soitsjarv, Saadjarv, P~ 

pastvera Umbjarv end Vasula. By now L. Pupastvere has practically 

ceased to exist, L. I lmjarv is situated on the floor of a transvers1 

gap-valley, and L. Vasula near Tartu belongs rather to valley lakes 

The rest of the lakes are typical drumlin lakes elongated in paral• 

lel to drumlins in the NW-SE direction. They are rather unique, may 

be even the only drumlin lakes in Europe which basins have develope 

only due to the moulding action of the glacier. L. Raigastvere is 

prominent for its strongly elongated shape. Especially its south­

eastern part resembles (but it only resembles!) a valley lake, th 

north-western part is wider and reminds a typical drumlin lake.Thus 

in view of its shape L. Raigastvere serves as a "negative" of ad) 

cent drumlins. 
Lake shores, especially the western and north-eastern ones ar1 

steep, stony or sandy (due to the erosion of till), elsewhere low 

and turfy, in the south-easternmost and north-westernmost parts pi 

ludified. Although the shores are relatively steep, the lake floe: 

is rather fiat (Eesti jarved, 1968). The coastline is weakly inden• 

ted, poor in peninsulas, capes and bays as is the case with the ma• 

jority of other drumlin lakes as well. 
Hydrography. Lake Raigastvere belongs to the drainage area o 

the Amme River, which is the tributary of the Suur-Emajogi River.I 

main morphometric data of the lake date from the period after the 

lowering of the water level by 0.5 m, and they are as follows: abs 

lute height 51.8 m, length 3.7 km, maximum width 0.5 km (in the 

south-eastern part 0.25 km), area 1.2 km
2

, average depth 2.7 m, ma 
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ximum depth ea 4 m, volume ea 3.6 million m3. The greatest depth 

is related to the area lying a bi t south-west of the central part. 

The inflow of water into the lake takes place through Nava 

brook which has been remarkably straightened and dredged. It dis-

-95-
small area. Within the boundaries of modern lake the volume 

basin has reduced on account of these sediments by about 3/4 
gards its initial value. 

of the 

as re-

charges into the lake about in the middle of its eastern shore. In scanty, however, the number of plant species reached 20 and plants 

addition, there are several ditches and numerous springs on the covered about 15% of the lake's surface. The observations performed 

Macrophytes . Phyto- and Zooplankton. In 1951 the vegetation was 

floor and shores of the lake contributing to its water supply. In in the north-western area of the lake in 1984 showed that the situ­

aummer the ditches are usually dry. The outflow of the water pro- ation has not changed much during the past 30 years . 

caeds through a brook (it has been turned into a ditch) in the soutt Shore vegetation, occuring as a comparatively nerrpw and inter-

-eastern part of the lake which falls into L. Elistvere. During the rupted belt, is dominated by Phragmites communis and Schoenoplectus 

high water the low north-eastern and south- western shores are floo. lacustris, followed by Equisetum limosum, Typha angusti folie, Acorus 

dad at a width of about 10-15 m (Eesti jarved, 1968). calamus, a.a. (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. The by Nuphar luteum, followed b~ Potamogeton natans and Polygonum amphi­

trough stretches from L. Raigastvere at the length of 3 km south- bium. Also ephydate vegetation is concentrated, for the moat part , 

eastwards where it joinea 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 were Charophyte, Elodea canadensia, Pota~ogeton perfoliatus, P. pee­

under consideration, Holocene lacustrine sediments are lacking (wi t tinatus, P. lucens, Hanunculus circinatus, etc. Submerged vegetation 

the exception of a narrow belt near the south-eastern tip of the !,occurred, in places, among shore vegetation as well, forming someti­

ke). The north-western part of the trough, where the modern lake i mes independent patches (Eesti jarved, 1968; Maemets, 1977). 
situated, is for the most part Filled with sediments. Within the 11 

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-waster 

one. The floor of the initial valley is dissected by shallow depr~ 

sions and elevations, in the north-western part there are 2 ridge 

up to 5 m in height which resemble drumlins and are entirely covere 

by lacustrine sediments. 

Near the western and south-western shore the lake bottom is 

sandy, being otherwise covered with mud. The thickness of saprope· F~g. 5. Map of the vegetation of L. Raigastvere (compiled after 
H. Tuv1kene - Eesti NSV jarved 1968) 1 Phragmi t · 2 

reaches 9 m. Sapropal is underlain by late-glacial t~rrigenous 18'Elodea canadensi s and Betrachi~m foenicul;ceum; 3 _e;c~~:~~;~:~tus-
custrine and glacio-lacustrine sediments with the thickness of abm lacus tris; 4 - Phragmites communis and Schoenoplectus lacustris; 

5 
_ 

1 m and at least 5.6 m (in the deepest part of the lake), respecti ~u~har luteum; 6 .- Potamogeton natans; 7 - Polygonum amphibium; 8 -
o amogeton pect1natus, Charophyta and Elodea canadensis; 9 - Equise­

vely (see Pirrus, R6uk, Liiva in the present collection). Peat ll tum limosum; 10 - Carex; 11 - Elodea canadensis; 12 - Acorus calamus 
basin l·n the vicinity of the north-we~ et

nd 
Sclhoiedno~lectus lacustris; 1) - T¥pha angustifolia; 14 - Stratio-

placas 4 m thick) fills the 89 a o as, 15 - Potamogeton perfol1atus and Batrachium foenicula-
tern and south-eastern tips of the lake and within a relatively caum. 
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Phytoplankton is rather rich and causes "the blooming of water" In L. Aaigae t uere 
th

e water is greenish-grey, with low trans-

in summer (Maemets, 1977; TiopK, 1958). Relatively abundant zaaplank, parency < □- 9- 1 • 4 m), susceptible ta mixing and warming, with alkaline 

tan is dominated in summer by cladacerans (Chydarus sphaericue, Dap~ reaction (prl 8 •3- 8 -4), with an average mineral matter concentration 

nia cucullata) and capepods. Beside eutrophic lake species (Chydarue (HC□j concentration being 
16

2 mg/1) , poor in organic matter (dichro­

sphaaricus, Basmina c. coregoni, a.a.) zaaplanktan is represented al metic oxidability 21-23 mg/1 □2 ) (Eesti jarved, 1968; Maemets,1977). 

so by species preferring nutrients-poor water (Dephnia cristata,a.o, Hydrochemical classification of Estonian lakes refers Lake Aaigast-

(Eesti jarved, 1968; Maemets, 1977). vere to IB group (Maemets, 1965). It is a typical eutraphic lake.Sin-

Hydrachemistry. The main chemical water characteristics for ea 1957 the concentration of organic matter has presumably increased 

Lake Aaigastvere are published in the collection "Estonian Lakes" due to human impact. 
(Eesti jarved, 1968), and they are based, far the mast part an the In all the lakes of Saadjarv drumlin field the mineral matter 

studies performed in 1951 and 1957 (Table). In the winter of 1985 tt concentration in water is average er above it, being related ta the 

water electric conductivity waa measured in L. Raigastvera and adje effect of rich-in-lime sails in the drainage area, flawage and bottom 
cent lakes. springs (Eesti jarved, 1968). The ion-composition has bean prevailed 

by HC□j and ea·• throughout all the hydrological periods. The cancan~ 

tration of iron-compounds was remarkable in bottom water layers only. Table 

Chemical and physical water characteristics in ths lakes 

Raigastvere, Saitsjarv, Elistvere, Saadjarv and l'isiavare. 

Raigast- Saits- Elist- Saad- l'iaia-

Water quality vere jarv vere jarv vere 

pH 8.3 9 . 0 8.4 8.4 8.4 

2 130 173 144 92 138 
Spec.canductivity)-15/cm 

ea·· mg/1 44.9 21.4 38.5 45.7 49.7 

Mg•• mg/1 8.6 7.3 8.9 10.9 9.0 

Na· and l'i. mg/1 2.8 1.8 1.8 5.5 2.3 

Fe .. and Fe 
... mg/1 0 0 0 o. □4 0 

HC□3 mg/1 161. 7 91.5 152.6 177.0 178.8 

Cl' mg/1 6.0 3.2 2.8 4.6 5.3 

so4' mg/1 11.5 9.6 11.5 7.2 12.5 

L of ions mg/l 235.5 131.8 210.0 238.4 255.8 

p mg/1 0.049 0.038 0 0 0 

The values are baaed on the daily determinations for the period Ju. 

13-24, 1951 (according ta Eesti jl!rved, 1968). Water samples for , 

cial conductivity determination were taken in winter 
1985. 

In lake water organic matter is represented by bath the auto­

chthonous (originating from aquatic plant~ and thick bottom mud lay­

er) and allochthanaus material. The concentration of allachthanaus 

organic matter is law, because the conditions prevailing within the 

boundaries of cultivated drainage areas of such lakes do net favour 

the washing cut of organic matter by water (e.g. CuKpHos H 'AP•, 

1969). Hera organic matter is far the mast part of autachthanaus ori­

gin, and it reveals small seasonal variations; the organic matter 

composition in water is prevailed by dissolved fraction, whereas the 

share of colloidal fraction is considerably lower; for these purpasae 

the colouring of the water is not very intensive and oxidation pro­

cesses are characterized by law values (Simm, 1975). The bulk of the 

humic matter entering L. Raigastvere comes from flood-plain bags ad­

jacent to its north-western and south-eastern parts. 

Autachthanaus organic matter contributes ta the enrichment of 

water bodies with biogenic material and accumulation of- mud an the 

lake bottom. The abundance of nutrients creates favourable conditions 

for the development of aquatic plants, due ta intensive development 

of phytoplankton the concentration of phosphorus and nitrogen com­

pounds in water decreases ta 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/1, whereas only 

the traces of phosphorus were detected in the surface layer (Eesti 

jarved, 1968). It refers to the eutrophication of the water basin. 

The results obtained through the study of the concentration of the 

compounds of phosphorus in bottom sediments show that in recent ya~r 

the concentration of phosphorus has increased in the lake. 

To a certain extant water quality is revealed through its spe. 

cific electric conductivity. It was measured in surface water sample 

taken in February and March 1985. For the seven lakes studied the va, 
2 

lues obtained proved high, fluctuating from 92 to 173 ).>S/cm • Water 
2 

electric conductivity of Lake Raigastvere (130 faS/cm) was rather 

close to that of L. Keiavara ( 138 f4 S/cm2
) and L. Elistvere ( 144 _;US/ 

cm2 ). It was considerably higher for L. Soitsjarv (173 _µS/cm
2

) sub-
2 

jected to intensive paludification, and L. Vasula (158 ;US/cm) ex. 
pariancing the affect of town Tartu, comparatively lower values were 

obtained for the deep and large lake of Saadjarv (92 )J, S/cm
2

) and L. 
2 

Kuremaa ( 101 p S/cm ) • 
Lake Raigastvere has reached its present state as a result of 

long-term development. Its bottom sediments and the results obtained 

by corresponding studies will be dealt with in the following paper ! 

the present collection (see Pirrus, R6uk, Liiva). 
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GEOLOGY 1\ND srnATIGRAPHY OF THE REFt:ilt.NCt SITE OF 

LAhE RAIGASTVERE IN SAADJ~RV DRUMLIN FIELD 

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

In view of natural completeness and peculiarity Saadjarv drumlin 

field has been selected as a reference site for stratigraphical sub­

division and geocorrelation of Holocene continental lacustrine and 

peat deposits in the Estonian territory. Saadjarv drumlin field as 

one of the largest and most representative on the East-European 

Plain, is an unique landscape area with characteristic big drumlins 

of NW-SE orientation and intertitial troughs forming a complete geo­
logical complex (Fig. 1). 

Peculiar relief accounts for µarticular microclimate, water re­

gime of soils, migration of chemical el~ments, composition of soils 

and vegetation as well as land tenure (Rouk, 1976; Arold, 1977). Ac­

cording to landscape (Varep, 1978) and geobotanical subdivision 

(Laasimer, 1965) Saadjarv drumlin field is regarded as an independent 
Paa6Hp8JOTCH PJI8BH&e qepT& qiHaHqeCKOH reorpa~HH Caa,i.~ffPB• region. 

CKOro AP;YMJIHHHoro IlOJI.11, ffBJ!HJOU,eroc.11 OAHHM H8 CTpaTOTMilHl,lX 

p8MOHOB oaepHiiX OTJIOXeHHW 3CTOHMH. OcH□BH□e BHHMBHHe YAeJI.11eTcs 

~eHTPBJibH□H, H8H60Jiee pacq.11eHe,rnoii K oaepHOH qacTH APYMJIHHH□r, 

IlOJIH, B qacTHOCTH osepy PawraCTBepe Hera 6JIH8Jie~ail1l'!M □ KpecT­

HOCTHM • PaCCM8TpID38ETCff reo.11orHqecKoe CTp□eHMB I peJibeqi, oco6eH­

HO~H MeCTHOPO KJ!HM8Ta, paCTHTeJibHNH H noqaeHHliH Il□ KPOBN Tep­

pHTOPHK, 8 T8K~e coapeMeHHOe COCTOHHHe H PHAPOXHM!llff oaepa PaA­

racTaepe. 

AKa,z.eMHff HayK 3CTOHCKOW ccr 
MHCTHTYT HCTOPHH 

The basin of Lake Haigastvere is chosen for a reference site in 

Saadj~rv drumlin field. It 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

vere and its basin, are also presented (Rouk, 1987). In the present 

paper the geological structure of sediments filling the lake basin 

and the development of the lake is daalt with; it also describes 

pollen zones of Holocene deposits in the reference profile and pre­

sents 
14c 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). On account of 
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Fig, 1• Geomorphological scheme of Saadjarv drumlin field. 
Legend on page 103. 
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Fig. 1. Geomorphological scheme of Saadjarv drumlin field (Rouk, 
1976) and scheme of µosition of investigated pro-
filBS of lacustrine and bog sediments. Conventional signs: 1- drumlins 
and drumlinoids; 2 - eskers; 3 - radial moraines; 4 - transversal val­
leys cut into drumlins; 5 - hummocky relief; 6 - undulated moraine 
plain; 7 - fluvioglacial delta; 8 - gravel hillocks covered by till; 
9 _ marginal moraine ridges; 10 - kettle-holes and kames. 
Arabic numbers: 1 - reference profile of Lake Haigastvere; 2 - RI 4 
profile of L. Raigastvere; 3 - L. Soitsjarv (Pirrus, Rouk, 1979); 4 _ 
L, Elistvere; 5 - L. Pikkjarv; 6 - L. Kuremaa; 7 - L. hivijarv (Truu 
jt,, ~964); 8_- k7ttle-hole Siniallika (ITHppy<r H .n;p., 1987); 9 - pa­
ludified L. VlSU5l ( 111,rppyc, 1969, 1971). 

these sediments the initial volume of the lake basin has decreased by 

three fourths. The thickness of limnoglacial and lacustrine sediments 

is over 15 m. Oue to its considerably steep coast, L. H~igastvere 

has underwent only a slight paludificatiqn, however, at the same time, 

the degree of sedimentation is approximately close to that in lakes 

with remarkably reduced areas. 

L a t e - g 1 a c i a 1 de po s i t s. Throughout the whole 

lake basin the basal till is overlain ~y varved clays with their 

thickness amounting to 5.6 m in the deepest part of the basin, being 

about 2 m in shallower areas (Fig. 4, H11 3). According to the re­

sults obtained through varve counting the formation of varved clays 

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

trough, beyond the boundaries of the distribution of lacustrine se­

diments, where the till surface lies 10-15 m higher, varved clays are 

~eking and till is overlain by sandy-silt, silt and, in places, by 

a thin silty-sand layer (Fig. 2, see the profiles, SE of the present­

day lake). 

In vertical sequence varved clays pass smoothly over into silty 

clay and pelite silt devoid of rhythmic lamination. Upward 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 somewhat 

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 

organic matter content is usually only 2-6io, and it may be a bit 
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Fig. 2. Scheme of position of 
bore holes and profiles of the re­
ference site L. llaigastvere. 
1---1 - ',i;alogical p!'ofiles; f1I 4, 5, 
a, R C - paly-nologically investi­
gated profiles; 1-5 and 9 - single 
bore holes. 1 - drumlins, 2 - li• 
noglacial abrasional-accwnulative 
plains; 3 - bogs. 
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higher only in la~ers wi th abundant Br yales remai ns . The thickness 

~ of late-g l acial lacustrine de pos i ts is 1 m, seldom it may reach 1.Sm 

t, (Fi g. 3, 4) . 

H o 1 o c e n e de p o s i t s . In the basin of L. Raigastve-

re Holoce ne deposits are prevailed by gyttja (Fig. 3,4) up to 11.6 m 

in thickness (Fig. 2; 6,7) . The average thickness of gyttja is 6-9 m, 

i n the nort h-western and south-eastern tips about 4 m. Gyttja is re-
'-0 
<::; la t ively r ich in min er a l matter. It may be r e lated to the steep gra-

di ent of bo th the bas in and drumlins located in the im~ediate vicini­

t y of the l ake. 

Terri ge nous component accounts for 60 per cent or even more in 

t he profi le (Fig. 5) . In the S8diments of pollen zones BO 1, S81 and 
t.r, 
C:S SA2 it amounts to 70-75 per cent, being especially high on the lower 

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

of PB it de creases rapidly (to 70¼) . 

In L. Ra i gastvere gyttja is rather poor in Cac□3 , except for 

'st- 801 and 802 po llen zone de posits where it amounts to 15-19¼.Lighter, 
<:::,' 

brownish-gr een colour of gyttja testifies to the lime content. 

Organic matter content increases from the lower part of pollen 

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

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

~ In li ttoral de r osits the share of terrigenous component still 
C:::,' 

increases. Silts and sands with their organic matter content being 

20% and be low it , are distributed in the coastal zone, their grain­

size compos ition and organic matter content change upwards. 

~ I n the narrow swampy part of the basin north-west of the lake 

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

la yer i s overlain by fen peat (Fig. 4). In the swampy south-eastern 

end of the l ak e gyttja turns in the uppermost part into dy and at 

l ast into fen peat as well. 

~ Fig.~- Profile from the north-western part of the L. ~aigast-
ver e. Conven t i onal signs: 1 - slightly compressed and compressed 
gy tt ja; 2 - gyttja; 3 - lacustrine lime; 4 - calcareous gyttja; 5 -
plant remains in gyttja and silt; 6 - subfossil molluscs in gyttja 
and l acust r ine lime; 7 - silt and clay; 8 - varved clay ; 9 - sand; 
10 - gr ave l ; 11 - daluvial sediments; 12 - organic matter in sand; 
13 - t ill; 14 - bore holes. PB-SA3 - pollen zones . 
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Stratigraphical subdivision of sediments and description of 

lake's develo pmen t is based on pollen evidence obtained through 

the study of the sediments from the central, deepest part of the 

lake (Fig. 2, n
1 

4 R 14c; Fig. 6,7) as we ll as from its paludified 

and sublittoral areas (Fig. 2, p. 6 ,7, 8,9). 

General remarks on lake development. Continental ice retreated 

from Saadjirv drumlin field during Gothiglacial between Oteptii (Lu~ 

ga) and Pandivere (Newa) stages. Uuring the existence of P6 ltsamaa 

- Peipsi ice marginal lakes the area was covered by their waters, 

from which the highest drumlins emerged forming an archipelago m 

(P1:iyKac, PsrxHI!!, 1969; PayKac I!! ,np., 1971). At that time [.it might ~ 0 

4, 0 have been the beginning of the Older Dryas (DR2)] 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 ~O 
marked by abrasion scarps, the latter are low and often disturbed~ ~O 

·-

ploughing terraces. The altitude of an abrasional scarp on the 

slope of a Saadjirv drumlin shows that at tl1at time the maximum ?D 

height of water level might have been 75 m, whereas another, lower ~O 
abrasional scarp on the slope of a Ra i gastvere drumlin refers to an 9io 

10i 

11,0 

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 Urym 

The water level dropped abruptly and independent lakes were formed 

in the deepest parts of interdrumlin hollows. 
Drumlin field lakes form a peculiar type of glacig8ni c lakes. 12p 

In view of their development they may be regarded as relicts of ice- 1J,O 

- ---

dammed lakes. In the present-day L. Raigastvere late- glacial terri­

genous lacustrine sediments started to accumulate in the second llali 110 
of tile Older Dryas (DR2), Allerod (Al) and Younger Dryas (DID). Th1 1Sp 

water level of the late-glacial lake seemed to have been a bi t iii~ 

_-:t:t-
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~ 
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her than at present and it may be related with certain reliability 

to the development of abrasional scarp at an height of 3-4 m above 

the present water table. In p laces it is marked by a boulders belt. 

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. 

Higl1 concentration of terrigenous component in the lowermost 

deposits of the pollen zone PB may be accounted for by a con s idera~ 

ly weak development of vegetation and soils, which favoured the dt 

velopment of erosion. In the swampy south-western part of the tr□ ui 
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• 1 • depusi ted in the Po llen (Fig. 2, P· RII 5; Fig. 4) lacustrine 1me be-
Zone PB and the lake hereabout underwent paludification at th~ 

• • p 11 Zone 801 . At that the contact of lacustr1ne ginning of the □ en . 

• t • 0 5 m lower than water level in present-day lake. lime and pea 1s • in 
These 1nd1ca ions • • t · refer to lower water level than was observed 

1 t 1- ci"al lake however, they do not allow to dra w more the above a e-g a ' 

precise conclusions . . 

• 1.n the amount of terrigenous component at the begin-A new rise ·. of 
ning of the Pollen Zone 801 (Fig . 5),break in the s edimentati on 

tt·a up to the beginning of the AT1 (Fig. 2, p.9), as well as the 
gy J 1 k wa ter le-1• n the amount of S81 sediments shows that t he a e increase 

a bl·t lower during the 801 and S8 1 pollen zones. vel must have been 

component in the s ed i ments of pal­Equally low content of terrigenous 

len zones AT1 and SA1 refers to a r elatively high wa t er leve l . 

The share of terrigenous matter ri ses abruptl y i n the s ediments 

14c R 3 5) in seve ral of the Pollen Zone SA2 (p. R1 4, RI 1, R , • II ' ' 

profiles it is diGtinctly marked by the occurrence of fine sa nd lay­

d 1 nt detritus . It cannot be explained only by the drop of 
ers an Pa · ricultu-

t 1 el alone but one has to consider here t he man sag 
wa er ev ' . . fo r intensive ral activities which have created favoura ble condit ions . 

soil erosion on drumlin slopes as well as the in put of terr1geneous 

matter by surface wash . Evidence i s derived 

realea and weeds since the Pollen Zone SA1, 

the amount of herbs pollen in s ed iments. 

from pol l en finds of Ce-

and f r om an i ncr ease in 

Reference profile of Holocene s ediments of Lake Haigastvere. 

The reference profile studied i s located in the deepest part of the 

h" k f gyttja re aches 11.5m basin of L. Raigastvere, where the tic nes s o 

• 2 Th descripti on of the (Fig. 2). The depth of the water 1s 3. m. e 

profile is as follows: 

dark greenish-brown cla yey algal yyttja, 3.20-3.85 m 
l g 1 gyttja successively chan-3.85-5.20 m greenish-grey clayey a a 

5.20-8.20 m 

8.20-11.70 m 

ging to dark brown , 

dark brown cla ye y a l gal gy tt ja . Upper boundary 

fused , 
clayey algal gyttja s uccessively brownis h-green 

dif-
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changing to greenish-brown . Upper boundar y 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 m 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-

14.D m it is of scattered distribution . Plant remains are rare,plant 
detritus is found at the depth of 5.0-5.10 m. 

~oll~n_s~r~tlg£a£hy. The local stratigraphical scheme of Esto­
nian Holocene mire and lake deposits (HaRK K ~p., 1975) 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 w~icn the pollen-zone system has 

been compiled. Pollen-zone boundary characteristics are relative1y 

well reveeled in pollen diagrams compiled for L. Raigastvere and ot­
her reference sites in Saadjarv drumlin field. 

Pol 1 en Zone PB (8 et u la Zone). On the ba­
sis of L. Raigastvere second pollen diagram (R

1 
4) and a pollen dia­

gram compiled for the stratotype profile of Estonian late-glacial 

s ediments located in Saadjarv drumlin field (IlKppyc, 1969, 1971) 

i t may be stated that in Raigastvere reference profile Pollen Zone 

PB is completely represented. The lower boundary of the Pollen Zone 

~B is placed at the strong and rapid decrease of the content of the 
pollen of herbs and Betula nana. The curve of tree pollen 

a simultaneous increase. It is mainly Betula pubescens . Among herbs 

Artemisia and Chenopodiacea frequencies ars distinctly and rapidly 

decreasing . In the PB pollen zone Betula is dominating over Pinus , 

r eaching 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 uncommon and fragmentary. The pollen zone 

can be divided into three subzones: a)Betula frequency is slightly 

l ower and that of Pinus higher than in the subzone PBb. The value of 

shows 
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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%, 8etula nana -

2-3%, Artemisia - 1-2%, Chenopodiaceae pollen is found re gularly in 

low frequencies. The representation of Salix is continuous (3-5%); 

b) subzone is characterized by a 8etula maximum and high values of 

8etula reaching 86-89%. The frequency of herbaceous plants and Salix 

decreases. The finds of Artemisia and Chenopodiaceae are rare; c) 

Betule 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 P8/801 is fixed at the empiric li~it of Ulmus and 

slight, but distinct rise of the Pinus curve. 

P o l l e n Z o n e 801 (Pin us 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 Corylus and Alnus fall within 

the zone. Salix is represented in low and constant values. 

The zone boundary 801/802 is fixed at the rational limits of 

Ulmus and Corylus. Characteristic is the empiric limit of Tilia. 

P o 1 1 e n Zone 802 (Cory 1 us 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 Quercetum 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 zone. 

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 profi~e Ra igastvere - R 14c 
(PB - AT2). Conventional signs: 1 - slightly compressed and compres· 
sed gyttja; 2 - calcareous gyttja; 3 - clayey gyttja; 4 - silt 4and 
clay and organic matter in these; 5 - water; 6 - samples for 1 C 
dating. 7 - Picea; 8 - 8etula; 9 - Pinus; 10 - Alnus; 11 - Querce­
tum mixtum. 

Fig. 7. Pollen diagram of reference profile Raigastvere - R 14c 
(AT2 - SA3). Conventional signs see on Fig. 6. 
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curve continues to fall. The Corylus curve is rising. 
Pollen Z o n e AT1 (U l m u s Zone). Betula is 

dominating only in t he lower part of the zone. For the most part its 
frequency is about 25%. The representation of Pinus shows still a 

slight decrease. Quercetum mixtum and Alnus are found in high frequen­

ci es throughout the zone. Their amount range between 24-34 and 24-

33%, respec tivel y. In the main part of the zone they are dominating. 

The Wuer cetum mixtum constituents are still dominated by Ulmus,making 

up 20%, sometimes even 26%. In t he lower part of the zone the Tilia 

curve is rising. At the same level the empiric Quercus limit is 

f ound. 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 Quercus is ob­

served . Fraxinus becomes regularly represented in very low values. 

Po llen Zone AT2 (T,i l i a zone). In this 

zone Quercetum mixtum and Alnus reach their post-glacia l culmination, 

amounting to 41 and 37%, respectively. They continue to dominate as 

in the preceeding zone. 8etula and Pinus frequencies are still 

slightly decreasing. Among the Quercetum mixtum constituents Ulmus 

is still domina t ing, reaching 28% in the middle of the zone. The rep­

resentation of Tilia rises, reaching 14%. The Quercetum frequency 

i ncreases, ranging from 5 to ·.10% during the zone. Fraxinus becomes 

regularly represented in low frequencies. Single pollen grains of 

Acer and Carpinus app ear in this zone. Corylus is represented about 

in the same or somewhat lower frequency than before. The Picea curve 

shows smal l e r fluctuations and a very slight rise. The zone boundary 

AT2/581 is fixed with a rather distinct decrease of Quercotum mixtum 

(Ulmus, Ti lia) and Corylus. The Quercus curve is rising. 

Polle n Zone S81 (Wu er c us 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. Qu ercus reac he s 15¼ an d has its post-glacial 

culmination in this zone. The Picea frequency shows a slight increa­

se and amounts to 20% in the upper part of the zone. Fraxinus is 
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found regularly in low frequency. The representation of pollen 

grains of Carpinus and Acer are not frequent. Single pollen gra!ns 

of Fagus appear for the first time in the middle of this zone. 

The zone boundary of SB1/SB2 is fixed with distinct increas~ of 

Picea and c□ntemporary decrease of all the components of quercetum 

mixtum constituents and Alnus. 

P O 1 1 e n Zone 5B2 (Lower P i c e a Z o n e). 

In this z □ne Picea has its first post-glacial culmination, reaching 

40%. The peculiarity of the diagram of the Haigastvere reference 

site and s □me others of Saadj~rv drumlin field roference area is the 

decrease in the Picea frequency in the middle part of the zone, and 

further new culmination. Contemporaneously with this Picea frequency 

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, Quercetum mixtum - 7-12 

and Corylus - 3-6%. Fraxinus is represented regularly in very low 

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 frequency. 

P o 1 1 e n Z o n e SA1 (Pin us - Bet u 1 a Z o n e) . 

Betula becomes dominating, reaching 35-40%. The representation of 

Pinus shows a slight increase. Alnus has been established in the 

zone in about the same frequency as during the upper part of the pr~ 

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/SA2 is fixed with distinct increase 

Picaa and decrease of Betula and Alnus frequencies. 

of 

P o 1 1 e n Z o n a SA2 (LI pp er p i C e 8 Z o n a). 

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. 
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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 ~uercus are represented regular­

ly in low frequencies. Carpinus has been established regularly (1%. 

There occur single finds of Fagus, Acer and Fraxinus. 

The frequency of Gramineae increases slightly. Continuous Ce­

realea curve begins just above the lower boundary of the zone. 

The zone boundary SA2/SA3 is fixed with distinct decrease of 

Piceu frequency and a simultaneous increase of Betula and Alnus fre­
quencies. 

P o 1 1 e n Zone SA3 (8 et u 1 a - Pi nu s 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 zone. Pinus content is rising. Ulmus and 

Quercus 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. In low~r part of the pollen zone 

the herbs amount to 8 -11%, in uppermost part - to 13-23%. 

Radiocarbon dates. Eleven 14c datings have been performed on 

the seuiments from Raigastvere reference profile, ten of them on or­

yan i c matter and one on carbonates (TA-1750, 98□□!200). The depth-of 

the s ample has been measured From the lake level. 14c datings have 

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

Institute of Zoology and Botany, Acad. Sci. Estonian SSR). The list 

□ F the datings obtained is as follows (age 1/2 5568 B.P.): 

1. Clayey algal gyttja 4.10 - 4.20 m 

TA-1759 52□!7□ Middle part SA3 

2. Clayey algal gyttja 

TA-1758 1810~80 

3. Clayey algal gyttja 

TA-1757 308□!9 □ 

4. Clayey algal gyttja 

TA-1756 379 □!6□ 

5. Cl ayey algal gyttja 

TA-1755 44 □o!eo 

5.10 - 5.20 m 

Just above SA1/SA2 

6.10 - 6.20 m 

Just above S82/SA1 

7.10 - 7.20 m 

A little ab □ ve 581/5B2 

B.10 - 8 .20 m 

Lower part of the middle 581 
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6. Clayey algal gyttja 9.10 - 9.20 m 

TA-1754 5350!80 Upper part AT2 

7. Clayey algal gyttja 10.10 - 10.20 m 

TA-1753 631 □!6□ A little above AT1/AT2 

8. Clayey algal gyttja 11.10 - 11.20 m 

TA-1752 1230!8□ Middle part AT1 

9. Calcareous gyttja 12.10 - 12.20 m 

TA-1751 7750!100 Just below 602/AT1 

10. Calcareous gyttja 12.60 - 12.70 m 

TA-1749 818□!7□ Middle part 802 

11. Calcareous gyttja 12.60 - 12.70 m 

TA-1750 98□0!120 Middle part 602 

Carbonate tills are distributed within the boundaries of Saad­

jarv drumlin field. For this reason tha 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 601 and 602. In several la­

kes, including the shallow parts of L. Raigastvere it was mainly la­

custrina lime that accumulated at the beginning of the Holocene, and 

therefore, the absolute ages obtained by 14c 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 

98□□!12□ (TA-1750) obtained for carbonates. This age is considerably 

older than that of the Pollen Zone 602, into which the sample belongs 

according to its pollen composition. More reliable seems the age of 

organic matter from the same sample (818□!7□, TA-1749). However, as 

a whole, 14c 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 562, SA1 and SA2 (Fig. 7) in 

comparison with the average ages of those pollen zones in local stra­

tigraphic scheme ( KaHK H ~p.,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 Picea are not 

synchronous in the Estonian territory, as a whole. H~wever, the boun­

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

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

ture the correlation of ages of pollen zones and 14c dates on peat, 

providing less sources of errors on radiocarbon dating, are of urgent 

necessity. 

Human impact. The pollen diagram compiled for Raigastvare refe­

rence profile shows the signs of the man's early agricultural activi­

ties since the beginning of the Pollan Zone SA1. Single finds of ca­

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 email am□unts.Che­

nopodium album, Comp□sitae, Plantago, Urtica, Dnagraceae 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 Grami neae. The appearance of Centaurea , Plantago, Rumex, Composi­

taa 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 562, 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 Saadjarv drumlin field, 

In addition to Raigastvere reference site (Raigastvare reference 

profile and Raigastvara R1 4) there are quite complete pollen dia­

grams for lacustrine sediments of lakes Soitsjarv (Pirrus, R □uk, 

1979) , Pikk jarv, Kuremaa, and Elistvera, Siniallika kettle-hole se­

diments on Laiuse drumlin (ITHppyc ~ ~p., 1987) and several earlier 

pollen diagrams, e.g. for lakes Visusi (ITHppyc, 1969, 1971), Kivi­

j§rve (Truu jt., 1964) a.a. (Fig. 1) occurring within the boundaries 

of Saadjarv drumlin field. On the basis of these poilen diagrams its 

possible to point out some peculiar features of the pollen of Saad­

jarv drumlin field with respect to the major part of Upper-Estonia, 
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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 (KaHK H ~p.,1976). 

Differences concern only the ratios of same trees. The main peculia­

rities observed in the pollen diagram of the reference area in the 

drumlin field are as fallows: 

1) extremely law Pinus frequency in all the Holocene pollen zones; 

2) in view of the above the pollen zones 801 and 802 are dominated by 

Betula, not by Pinus as in the most part of Upper-(stonia.However,the 

frequency -of Pinus increases in those pollen zones, serving as a cri­

teria far the differentiation of the pollen zones 801 and 802; 3) 

high concentration of Quercetum mixtum in the µollen zones AT1 and 

AT2. It is about twice as much as in the vast majority of Upper-Esto­

nian pollen zones; 4) as a result, the amount of Quercetum mixtum is 

relatively high in 802 and S81 and also in S82 pollen zone. 

These characteristic features of the development of vegetation 

are accounted far by fertail sails in Saadjarv drumlin field, varia­

bility of landscape elements, as well as peculiar relief and hydrolo­

gical conditions.As a result the most favourable conditions were crea­

ted far 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 mast similar to those 

for small lakes and b□gs in the central part of Sakala and Pandivere 

Uplands. It is quite natural, as Saadjarv drumlin field together with 

those regions belongs ta the same geobotanical region (Laasimer, 1965), 
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Y,llR 551.794+551.312/474.2/ 

rEOJIOrM l1 CTPATill'PMilll Tl1IlOBoro lfiEC'.l'OHAXOQHIBI 03EPA 

PAflrACTBl£PE B ITPE,UEJIAX CAA.L(bllPBCi<Oro ,uFYM.ID1HHOrO IlO.IIH 

P.O. TIHppyc, A.-M. PlzyK, A.A. TiHV.B8 

PeaDMe 

PaCCM8TPHB8eTCH reo.11orHqecKoe CTpoeHHe /pHC. 1-5/ H pa8BH­

TH8 ~rn,noaoro wecToHaxo:&,ZteHHH oaepa PaMracTaepe B npe'AeJiax JIBH'A­

ma~THoro paiOH8 Caa'A~HPBCKOro 'APYMJIHHHOro IlOJIH. MeCTOH8XOJ(,D,eHH8 

K pa~OH B U8JIOM HBJIHDTCH B8CbM8 no~O'Affl.l\HMH 'AJIH 'AeTaJlbHOro 

CTpSTHrpaiHqecKoro pacqJieHeHKH KOHTHH8HT8.IIbHI,tX roJioueHOBI,tX OT­

JIOXeHKi T8ppHTOpHM 3CTOHHK /pHC. 6-7/. 

HOTJIOBHHS oaepa Pa~racTaepe K H8CTOHW8MY apeMeHK B aaaqK­

TeJibHOi Mepe aano.11HeHa oaepHO-JI8'AHKKOB!ilMK JieHTOqHhlMK rJIHHSMH 

MOIIIHOCTbD 'AO 5 1 6 M, aaTeu Bl,lllle no paspeay cJie'AYDT osepaue neJIK­

TU K aJieBpHTH Il08'AH8Jie'AHHKOBOro BOapacTa H canponeJIH C IlOBbllileH­

HlilM CO'AepxaHH8M TeppHreaaoro KOMilOHeHTa.MomaoCTb rrocJie'AHKX 'AOC­

THraeT 11,6 M. 

CneuH~HqecKHe qepTH pav.OH8 supaxaDTCH B OTHOCHTeJibHO HH3-

KOM CO'AepxaHHK ITJ,iJibUH COCHN BO acex Il8JIHH080H8X H B BNCOKOM co­

'AepxaHHH ITHJlbllH nrnpoKOJIHCTBeHH!itX nopO'A B IT8JIHH080H8X AT l K AT 
~, a TSKXe B Il8JIHH080H8X 801 , SB 1. 

IlpH8H8KH xoaaiCTBeHHOi 'AeHTeJibHOCTH qeJIOBeKa OOHSPYXKB~T­

Ci! B cnopOBO-IlNJihU8BlitX cneKTpax HaqHHSil C Il8JIHH080HN SA1. 

AKS-'A8Mlllil HBYK 3CTOHCKoi1 CCP, 

l1HC'l'!,!TYT re OJIO rKK' 

l1HCTKTYT !,!CTOPHH 1 
~1HCTHTYT 8OOJIO['KM H O0T8.HKKH 
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ON HIE DEVELOPMENT OF LAKE 0MARJARV 

(NE ESTONIA) IN THE HOLOCENE 

J.-M. Punning, M.Ilomets, T.KofF, O. Paap, 

R.Rajamae 

The aim of our investi gations based on the s tudy of bottom sedi­

ments wa s to find out some regularities in the development of Lake 

Omarjarv in the Holocene. This enclosed lake, in which bottom de posits 

with a thickness of up to 7 m started to accumulate in the Preboreal, 

offers a good opportunity to investi gate the changes in natural 

conditions in NE Estonia during most of the Holocene. In this region 

we have carried out long-term complex investigations on bottom sedi­

ments of lakes 1,Ji. th di ffP.r rmt types of feeding as well as on peat 

deposits. The further aim is to find out the regularities governing 

geochemical processes in natural and te~hnogenic conditions. 

The present paper deals with the results obtained through complex 

i nvestigations on lacustrine sediments, as well as on lake and bog 

s ediments surrounding the modern Lake Omarjarv in the NE part of the 

Estonian SSH , on the southern edge of Illuka kame field. This small 

lake (with its surface area about 1,G 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

l e of natural sand deposits, the eastern shore is low and paludified. 

At the present time tho lake feeds upon ground water. Springs in 

U1e western part are well ot,servable. Isotope analyses have 

t he similarity between the d 18□ values of lake water and 
revealed 

those of 
ground water all the year round (-11.2 - -11. 5¼ ) ( BaiiirMll:3 111 'AP•, 

1985). The water in the lake is clearly stratified with the exception 

of autumn when total mixinl) of water takes place. This is most vivi­

dly expressed in the_profiles of dissolved oxygen (Fig. 1) typical 

of eutrophic lakes. The data obtained show that oxygen-free conditions 

prevail on the lake floor for most of the year, accounting for the 

main regularities in balanced distribution of chemical elements in the 
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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 nation, revealed by the alteration of dark and light interlayers is 

oxydation of metals and to the reduction of nitrates to ammonia and characterized by variable rhythm (From some mm to 20 mm). The colour 

nitrogen as well as sulphates to sulphides due to bacterial activity. of sediments changes from black in the upper part of the section to 

The latter process, leading to the decrease in nitrate and sulphate- gre enish-g rey in the main part. Fragments of malacofauna were recor­

ions in the bottom water l ayers and to the rise in sulphide concent- ded within some intervals. 

ration , was detected in Lake Omarjarv. The sediments on the western shore of the lake indicate frequent 

Nutrition on ground water together with its high concentration of and subs tantial fluctuations of water level in the lake (Figs. 2 and 

HC□- (up to 198 mg/1) c~use a sli ghtly alkaline (pH= 7 . 6 - 8 .1) re- 3). The lower part of the section (3.91 - 6 .45 m) is formed by sands 

action of water. Judging by the constant presence of lake lime in the with thin interlayers of woody or woody-reed peat overlain (interval 

column of bottom sediments it can be assumed that the hydrochemical 3.82 - 3. 91 m) by greenish-beige lake lime containing some mollusc 

conditions and pH of the water have not changed much during Holocene shells and covered (3.71 - 3.82 m) by a layer of calcareous sapropel. 

time. This circumstance facilitates the interpretation of the data Up on the sapropel (3.57 - 3.71 m) a layer nf woody-reed peat has ac-

about variations in chemical elements in bottom sediments. cumulated which, in its turn, is covered (3.28 - 3.57 m) by sapropel. 

On the lake floor Holocene deposits are represented by Fluviogla- The latter is followed by a layer of peat (2.57 - 3.28 m) separated 

cial poorly sorted sands of various grain size and gravel overlain by fr om the underlying sapr□pel by an interlayer (3 cm) of grey sand. The 

a thin layer of lake lime (up to 10 cm). The main bulk of sediments peat with sand interlayers abounds in wogd and reed remains with dif­

( 7 m thick) around site 1 has been formed by laminated calcareous s ai, fe rent decomposition degree ( from 30 to 80 %) • 

Fig. 1. Changes in temperature (~), 6' 1 8□ v~lues (b) an~ .. amount o· 
dissolved oxygen (c) in connection with depth 1n Lake OmarJarv. 
1 - 27.02.85; 2 - 15.05.85; 3 - 04.07.85; 4 - 19.09.85. 

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 reerl 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

ti on (5.07 - 4.15 m) is formed by calcareous sapropel with interlayers 

of plant remains in its up per 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 mol l usc shells are present throughout the 

complex. Higher up (3.00 - 2.92 m) lies an interlayer of moss with 

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

with sapropel rich in plant remi,ins (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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'' ••• 1 water· 2 ~ Phrag, Fig 2 Cross-section A-A of Lake umarJarv. - • 1 6 · ;at'. 3 _ Sr ales peat; 4 - lake gyttja; 5 - lake mar ; -
:~~~~~_~ravel; ~ - peat with sandy gravel interlayers. 

8-B of Lake l'.Jmarjarv. For key to sediment Fig. 3. Cross-section 
types see Fig. 2. 
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Chronological scale for the secti on of bottom sediments (Site 1). 

Elaboration 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 14c 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 ODD years 

ago . This can be explained neither by the absence of current sedi -

rnen tati on nor by c 8 rrying away of already accumulated sediments. 210rb 

investigations of the upper layer revealed that sedimentation has 

taken place at least for the last hundred years. Taking into consi­

derati on the lithological composition of the bottom sediments it be­

come s evident that the 14c ages obtained are older than the real ones 

due to the "hard water" effect. In order to estimate the value of this 

effect detailed isotope and chemical analyses should be carried out. 

Depth, m 

6 

7 

8 

$ 

10 

11 

12 

13 ><10, !:Jr .. B.P. 
0 2 3 4 5 6 7 8 9 

14
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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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. 
Figures 5 and 6 present the pollen stratigraphy diagram and the 

pollen concentration diagram, correspondirrgly. The percentage pollen 

diagram is characterized by constant high percentage of the pollen □f 

Betula (40-60%) and Pinus (about 20%). Against such high over-repre. 

sentation of the percentage values of Betula and Pinus the relative­

ly small changes in the percentage of other species, which would pr~ 

vide important information for stratigraphical. rP.c nns t np; ·l,1 nns, 

hardly be detected on the diagram (Fig. 5). 

can 

[ I 
t f 

J'i!O!t/0 

- m .. ~nsJ 

i ~ -~:\:~, 

! -:rol.StSS 
(na • l>I) 

Fig. 5, Pollen diagram and radiocarbon data for si ta 1 of Lake 
Cmarjarv. 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 th • t ti on e 1n erna anal symposium 
"Methods for the investigation of Lake Sediments: Palaeoecological 

and Palaeoclimatological Aspects", held in Vilnius in September 1986 
' t 

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

sits from the raised bog of Liivjarv, 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 ( ITyH!ilU!r l'l ,11p. , 1985), 

Fig, 6, Pollan concentration diagram of site 1 of Lake Omarjarv. 

The ages of separate local PAZ were fixed by the 14c method. The lo­

cal PAZ determined likewise in the section of Lake Cmarjarv (C
1 
••• 0

5
) 

are in good correlation with the local PAZ in the Liivjarv section, 

which enables their indirect comparison with the 14c scale. Fig. 4 

presents the age data obtained by 14c and pollen analyses. The data 

show that variously obtained ages of separate layers differ from 

1000 to 2000 years. Taking into account the geochemical grounds of 
the 

14c method and the fact that the porosity of sediments grows up-
wards, the ages obtained by correlating palynozones are more plau-
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sible than the 14c 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 Compositi~n of Bottom Sediments. Samples for determining 

the concentration of carbon, nitrogen, hydrogen, Fe 2□3 , Mn and some 

heavy metals w8re taken throughout the section of bottom sediments 

(site 1) of Lake Cmarjarv (Fig.?). The content of carbon, nitrogen 

and hydrogen was determined at the Institute of Chemistry, Academy 

of Sc iences of the Estonian s.s.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. s.s .R. (Puschino) by the method of atom-absorption spectrometry. 

The results are s hown on Fig. 7 where the data have been presented 

relative to the weight of air-dried samples. 
E 
{ C, ¾ ff.i % H, % FeiDJ, 9/Kg Hn, 9/Kg C¼ "'!;'Kg Zn, m#<g Cr, m,$-{cg Co, m~g N~ '"o/,r9 Hg, mtkg ~ m~(g C~ m!j/4g 

t:i ~20(!,51(0 1,f~S ~5 2,
1

5~00 f0 200 fOO 200~0 10 200 50 1()()0 SO 100~~~2 

6,0 

11, 

1~0 
~ 1s w 1,s w1s ~ooo to 20 h ,bo tboso 1so 2soo ,o 20 o so 1000 so 100~ ~ 00:,--0:2 

Fig.?. Content of selected elements in the sedimmts from 
site 1 of Lake Cmarjarv. 

By the shape the distribution curves of C, N and Hare 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

l y high concentration of c 8 rbon (20% on the average) is observed to 

the depth of 8. 6 m with its maximum at the depth of 9 1 m Th' . . is comp-

lex of sediments has accumulated in the time interval of 4 200 _ 3 □DO 

B.P. Upwards the column the concentration of cerbon diminishes and has 

an average value of about 15 - 17%. This part of the column has two 

sharp dP.creases in the concentr ation of carbon, which took place about 

3 DOD and 2 300 D.P. 

The distribution peculiarities of the content of C, N and Hallow 

to assume that the rate of bioproduction in the lake during t he first 

half of the Holocene (up to 4 500 B.P.) was the lowest and rathe~ even. 

The production increased in the end of the Atlantic climatic stage, 

then reduced again with sharp changes becoming characteristic. 

Muc h more difficult is to elucidate regularities in the distribu­

t ion of iron, manganese and the microelements under consideration. 

The ir concentrations fluctuate with an mmplitude of 1 □□% and more 

(wi th the exception of Cu). There is n8 pP.rceptible correlation with 

the content of carbon which indicates that OM is not the main agent 

emen s. onsequently, affecti ng the concentration of the analyzed el t c 
the concentration of elements is de t ermined by the dynamics of slope 

erosion and input of elements into the lake, dissolution of input 

mat ter, 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 as s ociated 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 Cmar jarv and the presence of carbonates throughout the column 

of bottom sediments, it can be assumed that the pH value of the lake 

water exceeded 7 during the whole of the Holocene, and, at some sta-

ges it reached even 9-10, with neutral-slightly alkaline ccinditions 

being predominant. Most remarkable were the changes in the redox con­

ditions . Substantial fluctuations in the content of F □ e2 3 serve as 

the most vivid proof of this. High Fe 2□3 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 ODD, 

4 500, J 500 B.P. As at that time the OM content was relatively low, 

oligotrophic nutrition should have prevailed in those periods. As 

known, the hydroxides of iron and manganese possess tt,e quality to ab­

sorb microelements from the water. In the analyzed column only the 

concentration of Ni is in positive correlation with those of Fe 2□3 
and Mn. 

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

remarkable fluctuations in concentration. These are the typ i cal indi­

cators of Hthophile erosion, however, 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 -

8 000, 7 000, 2 SOD and 1 500 □ .P. 

The Development of Lake Cmarjarv. The data obtained enable us to 

reconstruct the development of Lake Omarjarv 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 

end gravel. At that time the water level was evidently rather low, 

witnessing an abrupt rise to the level of -9 - -1 □ m relative to the 

currant one in the middle of the Boreal (Fig. 8). This is revealed by 

increased concentrations of Co, Hg, Cd and Pb in the samples of bot­

tom eedimente which have accumulated about 8 DOD B.P., but also by 

improvement of aeration leading to the deposition of Fe 2 □ 3 and Mn in 

the sediments. The next sharp rise in water level occurred during the 

time interval of 7 500 - 7 ODO B.P., es 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 
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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

l a yers 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 
Cmarjarv. 

At the end of the Atlantic climatic period Lake Cmarjarv became 

united 1,1i t h l.ake r i.kkjii r v 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 history of the lake can 

be reconstructed on the basis of the data obtained by studying the 

sediments from site 3. lnterlayers of peat embedded in sediments, 
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about 4 □DO_ 3 □DO years in age are related to the periods of sta­

bilized water level. About 3 DOD B.P. OM content decreased abruptly, 

the concentra t ions of Fe2□3 and Mn increased, speaking of a s~arp 

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 Omarjarv finally from Lake Pik kjarv. The lakes remai­

ned connected only by a narrow stream. From t hat 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 t hose changes is rather comp­

licated, as the shores of the lake have been paludified for t he last 

thousand years and OM might ha ve been of certain influence on trans­

formation of chemical compounds. Constant rise in the Hg and especi­

ally Pb concentrations in the up per layers of bottom sediments may 

already be a sign of technogen ous influence. 

The complex investigation of Lake Omarjarv 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 r ate of sedimenta t ion 

as well as the distribution peculiarities of chemical elements in 

sediments. 
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PeBDMB 

B CT8T.b8' npMBO,!UITCll .D,8HHHB KOIIIlJIBKCHoro HBY'l:BHXll .ztOHHlilX OT­

AOXBHXft osepa lDMap~llPB a Ceaepo-BoCTO'l:HOft 3CTOHHH. Ha□TOilHHe HC-

AB.ztOBBHHg llOK88HB8DT, qTo H8-88 IIHOXBCTB8 PO.ztHHKOB BO.ztoo611ea B 

oaepe npOIIICXO.ztHT 6HCTpo. B TeQBHHIII 60.11.&meft 'l:8CTH ro.zta Ha .ztHe 08-

epa Cytll8CTBYDT 6BCKIIICJIOPO.ztHHB YC.IIOBHll, 'l:TO CHIIIQBT CTeneH.& OKHC­

.18HU IIBT8JIJIOB Ill BHBHBaeT BH.D,BJIBHHe cepoao.ztopo.zta ( p111c. 1) • 

.!lJJ:g CTpaTHct,HK8~HH OTJIOXBHIIIH 6WIIII HCilOJI.bBOB8HH PB,lllllOyr.11epo.zt­

HBR H enopoao-nw.111,~eau MeTO,!U,1. Ha-aa ag,cpeKTa "xecTK□A ao,1U,1" 14c 
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aospacTa sBHO Y'AP8BH8H1i 1 H soepaCTBaH mKaAa onHpaeTcs Ha cnoposo­

-nWioUesire 'AaHHH8, Ha OCHOB8 KOTOPHX Bli,!t8A8HJ,1 AOKaAbHW8 KOKllA8Ke­

HHe 6HO8OHW (JJKB) KOTOpHe 6LIJIH KoppeAHPOBBHW C 
14c M8TO'AOM 'AaTH-

B as eay To.-.if,~H~ OTAOZ8HKA Ha OAH8-pOB8HHJ,Dl-lt Jll( a~eieHHWK no p p n-n...,. 

H8XO'AButeM 6OAOT8o 

Pacnpe'AeA8HK8: H8KOTOplilX xaKpo- H KKKPO3A8M8HTOB B paapeae 

'AOHHlilX OTAOZ8HKA (pHC, 7) llOK88WB81lT, qTo OKKCAKT8AbBWA noTeHuHaA 

8 npapO'AHliX CAOBX OWi OTHOCKT8AbHO BWCOKIOl OKOAO 8 ooo. 4 500 • 
3 500-3 000 ABT HaBQ'A, He-aa HHTBHCHBHOi 3pOBHH nocTynA~HHe AHTO­

~HAbHJlX 3A8MeHTOB (Co, Hg, Cu, Pb) ow~o H8HBWCllIIOl OKOAO 8 500-
-8 000, 7 5001 2 500 A8T Ha88'A, B pe8JAbT8T8 KOKOA8KCHJlX HCCA8'AO­

B8HKA p8KOHCTPYHPOB8H XO~ KOAe6aHKB ypoBBB BO~ B KOTAOBKH8 

( pxc. a,. 

AK~8VH~ aayK 3eTOHCKOA CCP, 
HaC'l'K'fYT reo~or•• 
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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

boreal/Subatlantic breaks during 10,900-10,600, 10,300-10,000, 8500-

8000, 5000-4500, 2800-2400 B.P., and in the XVII - XIX centurie~ 
correspond:i.rigly.,On the basis of palynological data V. Klimanov ( ICJrn­

MBHOB, 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, 

3500, 2700, 2000, 1300, 1000, 600, 300 

7600, 7150, 5500, 5000, 3800, 

and 150 8.P. 

The climatic changes are reflected in the lithological composi­

tion of bottom deposits of lakes, in the alternation of diatom and 

molluscs assBmblages, 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. Among 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 8.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 cehturies. 

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

region which wasn't submerged by the waters of the Baltic Ice Lake. 
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In south Estonia there are about 150 hollows in the glacial raliaf 

occupied by lakes on the Otepaa Heights, 175 - on the Haanja Heights 

and 100 _ on the Sakala Uplands. The large lakes (Hine, Pulli, Kiri­

kumae, Puhajarv, 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 (Kurgjarv, Vain­

jarv, Mahe, Paidla) between tha 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 8.P. and the highest in tha 

Late Atlantic period, with a tendency of lowering at the beginning 

of the Early Subatlantic and rising between 2700-2400 and 1100-1000 

8.P. (llves, Maemets,' 1987; TiyttHP!Hr a: .z.p., 1985). These data are in 

good accordance with the molluscs analyses and the age of peat lay-

era, interbedded in lacustrine lime ( fllilm1v..11b, 1964, 1967),which al-

80 refers to the relatively low water-level in the Early Boreal and 

t t h d of humification of pe~ Eerly Atlantic periods.According o e egree 

accumulated in kettle-holes, M. Ilomets concluded, that there was 

high water-level about 9000-8200, 7500-7000, 6500-5500, 3200-1500 

B.P. and relatively low in 8200-7500, 7000-6500, 3500-3200,and since 

1500 B.P. 

Drainage valley lakes on the Sakals Uplands are elongated, lo­

cated in the depressions of ancient valleys. Their floor is uneven, 

sediment composition heterogenous. Subfossil molluscs from bottom 

deposits of the present-day and o~ergrowh. lakes Paidre, Polli and 

Pirmastu indicate the low water-level in the Early Preboreal with e 

tendency to rise in the Middle Preboreal and sink again at the end 

of the Preboreal. In some lakes it stayed low also during the Early 

• · d ced by the abundance of shallow-water molluscs Boreal, as ls evi en 

f t • lis Planorbis planorbis, Armiger crista, Hippeutis Physa on ins , . 
( ., 1964) The occurrence of lacustrine 11· complanatus, etc. ~HHH~.11b, • 

t f L V□istre at the depth where calcare-me in the profundal par o • • 

Commonly absent.refers to low water-level in the se• ous deposits are . 

the first half of the Atlantic as well, cond half of the Boreal and in 
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Litho- and biostratigraphy, vegetational succession and lake 

development have been studied in detail in the Central-tstonian 

lakes located on the gently rolling moraine relief and in the Saad­

jarv drumlin field (Pirrus, R6uk, 1979; Pirrus et al., 1987). The 

studies on water-level changes are in progress. Some evidence such 

as the height of terraces, transgressive bedding of gyttja, composi­

tion of macrofossil remnants and lithological comµosition of bottom 

deposits indicate,that water-level was higher during the Allerod, 

first half of the Atlantic and Subatlantic periods, lower_ during 

the l arly Boreal, Subboreal and in the middle of the Subatlantic 

periods (Pirrus et al., 1987). The lake basins themselves were for­

med about 12,200-12,400 years d.P. after the Otepaa stage, contempo­

raneously with the formation of the drumlin field. Their separate 

devel opment started later, at the end of the ulder Dryas, when the 

local proglacial lake drained and its water-level dropped. 

North-lstonian lakes are of various origin. There are 
8 

lot of 

glac i okarst lakes in kame fields and askers, glacial lakes formed 

due to the irregularities of glacial drift, residual and accumula­

tive coastal lakes, which diatom assemblage, molluscs fauna and la­

ke development have been subjected to relatively profound studies. 

On the basis of lithostratiyraphical, geomorphological and biostra­

tigraphical data it was elucidated that water-level changes amounted 

to 4 m in the lakes of Illuka kame field (Saarse, 1987). It stayed 

low at the beginning and end of the Preboreal, in the first half of 

the Boreal and Atlantic and on the boundary of the Subboreal/Subat­

lantic periods, being high in the middle of the Preboreal and in the 

Late Atlantic (Saarse, 1987). /.\ccording to J.-M. Punning et al. 

(1987) in L. Omarjarv (south from Illuka kame field) water-level 

rose about 8000 8.P. and stayed high throughout the whole Atlantic. 

From several lakes of the Pandivere Uplands, with calcareous 

~dimentation prevailing throughout the Early and Middle Holocene, 

~ have plenty information about subfossil molluscs (Mannil, 1961), 

which show a low water-level in the first half of the Preboreal.Du­

ring this time the number of shallow water species was high.In some 

lakes water-level stayed low for a long time - from the beginning of 

~e B□real up to the second half of the Subboreal, in the others a 
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remarkable lowering of water-level took place in the Boreal, 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 Atlantic 

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 a~m 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 ( KecceJI H ,Lip. 1 1982). According to the bedding conditions, ra­

diocarbon data (8595!75, TA-59, '1JibBec r,s ,D.p., 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

vely low up to the second half of the Atlantic. The sharp transfo~ 

mation of sedimentation and composition of the diatom spectra took 

place in the Late Atlantic period, when the sediments with high or­

ganic matter content (50-70%) started to accumulate. It denotes the 

deepening of sedimentational basin. The altitude of the foot 

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

parison with the present-day L. Kahala level. 

of the 

cam-

L. Olemiste, located on the terrace of the Ancylus Lake, became 

bottom diatoms (70%) . 
' rapidly decreased. All thi . 
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low water-level in Olemi t b . . . , s evidences about 
s e as1n. Against the _background 

vel, several smaller fluctu t· of low le-
a ions are traceable accordin . 

data. The transgressive h g to diatom 
P ases are noticeable at the 

the beginning of AT2 and 582 and in end of 801, at 
. the middle of 581. During th 

periods the species and number of ese 
diatoms were high with 

crease of planktonic ones, among which 
c□mta, etc. prevailed. The 

end of the Subboreal. 

rapid in­
Melosira ambiqua, Cyclotella 

water-level started t 1 . 0 s nk again at the 

Lakes studied on th e neotectonically t· 
on t he terraces of ac ive West-Estonian coast, 

the Baltic are located 
on the on the mainland as well as 

arc hipelago. In these lakes (Karujarv s· l 
vesoo, Ermistu) the sedimentation of ' lp ase, Kasesoo, Jar-

□rganogenous calc 
rine deposits began not e 1 . . areous locust-· 

ar ier than in 801 ( MRHllHJib 9 
lithostratigraphy and moll , 1 63). The usca of the ova 
k rgrown lakes J6empa, Kihel-
onna, Kasesoo, Jarvesoo and Siplose 

denote that all these b . 
located above the highest A 1 asins, 
. ncy us Lake sh~re displacement 

ring the Early l:loreal shallow swampy hell . • ' were du-
□ws w1th low wate 1 the end of the 801 the t l r- evel.At 

wa er- evel rose remark bl 
lime with deepwater molluscs (Pi . d" . . a y and lacustrine 

si lUm nit1dum Bithynia 
ta, Radix peregra, etc.) accumulated ( . ' _ tentacula-
sank again in the •a 

1 
. ..{ffl!Hl!.l!b, 1963 ) • Water-level 

. ~ar y Atlantic and rose in the Late Atlant· 
Diatom spectra in t· lC. ' par icular the increase of th 

ktonic species in the beds of L Kar ... f e share of plan-
• UJarv re er to smaller water-le-

vel fluctuations in the Subboreal d S an ulJa tlan tic. 
The overgrown L. K6iv~soo on Hiiumaa I l .. 

studied (Sarv et al. 1982) o· t s and is also profoundly 
' • la cm analyses allowed to aistinguish 

~ree stages in the development of th . .. 
. e ancient Ko1vasoo water body: 

a relatively deep lagoon of Ancylus Lake with characte . .• 
ton complex (Melosira islandica subsp h t · .. ristic plank-
ast ) . . • eve ica and ::itephanodiscus 

~ae, relatively shallow halotrophic u coastal lake in the 

isolated from the Baltic before 8300 8.P., as the organic deposits 

(peaty gyttja) contact with sand was dated to 83□0!90 (TA-691, Il­

ves, 1980). Water-level fluctuations in L. Olemiste are in good ac­

cordance with those of glacial lakes. Extremely low water-level in 

Olemiste basin was fixed in the Early Boreal - 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, D. lycopc· 

dioides, Scorpidium scorpioides, 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 801 up to the AT2, when calcareous-rich 

areal with halophilous and boreoalpine 

kalitrophic shallow coastal lake in the 

Late 
freshwater species nnd a l­

~arly Atlantic. Afterwards 

disappeared and the ancient 
in this bas· th 1 . in e acustrine conditions 

gy _ttja deposited, the share of plank tonic diatoms; dominated by 
~ke was comµletely overgrown (Sarv et al., 1982). 

L. Tanavjarv in the north-western 
part of the mainland was is□-
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lated from the Baltic about 5300 8.P. 
Diatoms from the bottommost 

, .. 
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sand and silt indicate marine and brackish-water conditions with the 

dominance of bottom-living forms. The overlying gyttja with shallow­

water species ( Fragilaria , Navicula, Pinnularia, Cymbella) prevail­

ing, is the indicator of low-water conditions since the Subboreal. 

! South and central / .,. West North 7 / co "' East • f 
a-. Cl) t--- I I ~O\ co , li c---co I 

Conclusions. 
From the above follows tt,at the data on water-ls-

contra-
vel changes in the small Estonian lakes are both scanty and 

a 
dietary. It was found out that not all the small lakes provide 
good basis far the solving of the problem of water-level fluctuation 

In particular it cancers the small glaciokarst lakes which were for 

mad in Boreal time . The dee pening of these basins within the above-

-

Cl) 

lx1 
:a,; 

P< 0 
N l'1 :a,; 

rn lx1 
r,:, ~ 
~ 

a;S ...... °' °' (\J 

t0; i 0\ E ~. ; i,~ i~ ~., 1· 

; ~ d :;~ ::z ::z i a,~ ~ <'"\ ~ • ...- ~ ~ •;:;i ,...; ~ 
-:~ t 'ci~ O\ J 0\ >0 '- "'* * *:, ,...; * * '-<> g al a, 

>::,; Q) .c · ' ~ ~ t«: .,.., i::~ 0~ ~ ·, ., ~ 0\ :,:: .., 1:r"' 
~m:IE

1
~~1al.;,._,"~,;'~:t .. ~ · l;g..,t. ":_ .;', :

1

.::§
1 

rlQJHS:: ~E 3•.-i.(;~ Ii';"' t::i rl..-1 ., • ., .,,.. . a,a,:aJr< Glrl ::Sr< ~ 'a,iJ 
g>~i::-+>

0 
E~•.-i<;__,t.;:.t: \! ~§r:<= 1§<-;:J ! ~>·tb•.-ii::•" '- ·" 1 ,., i..o 

l
'--t:-:-r""'--r:::f~.:.i=-t~=.,~r::::r'i:..:::if'""'.:·"~~~.,..,f.,~· ... ~:;:;:..:,~alr:~:;; •• ~@~"~"+t~.,..,~,..~ .... ~

2
~.::~i::"~~~l

2
U:~!U~ 

2 ~ I P-<::ai p,. O::P-< ~::,;,-,:,, .c;~ 1•~~;~~~ ~~ : ::3d; ~:{ 

Q) 

al 
.... ., 

rl .,.., 
al E .c Q) 

al .-i 
0 

A p.. ~ ::::, 

I I 
the 

mentioned time interval was not due to water-level rise, but to 

final thawing of buried ice blocks. However, the solving of the prob­

lem concerning the formation of glaciokarst lakes during Boreal time 

in our region insists upon some mare momentous pieces of evidence 
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Fi g. Water-level changes in small Estonian lakes. 

water-level; 2 - low water-level. 

Legend: 1 - high 
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ITyaa~Hr R.-M., MJ!□MBTC M., Ho<fxP T., PallMll3 P,, TieTenceH Y1., 

TlfMTC T. H□MTT~BKC!ThlB CTPBTHrPacj)o-na~eoreoroacj)HlJCCKHB KC­

c~~OBBHMll 038PH0-60~0TIThlX OT~OXBHIII.H BO BTT8,!\HHB LlH~~llMHrlf 

/D-B 3CT0Hlfll/. IToenpHHT. Ta~~MH, I9R5, AH 3CCP, ~A c. 
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Y~K 551 , 794:SSI.R:556.55/474.2/ 

OB l13MEHEHl1M YPOBHH BO,llbl B MAJJl,IX O3EPAX 3CTOHl1Vl 

JI.A. Caaoce 

P€3IOM€ 

Ha OCHOBe Ml'!Kpo- I'! M8KPO~OCCl'!JlbHOPO 8H8.111'!38, n9 COCT8BY 

)];OHHb!X OTJIO)f(€Hl'!/;i I'! cpparM€HT8M Teppac 38KJ!Kl'-IBeTCH, '-!TO H81'!-

60.11ee Bb!COKl'!/;i ypoBeHh B 1'!3Y'-1€HHb!X osepax npVI.n;eP~l'!B8JICH B ce-

BTOpo/;i IlOJIOBVI"e 8TJl8HTl'!'-!eCKOPO, B cepe­
pe.n;l'!He npe6opea.11a, BO 
)];l11H€ cy66opeaJibHOPO 1,1 B H8'-18,1Y€ H cepe.n;vrne cy6aTJIBHTH'-ieCKOPO 

KJI!,IM8TH'-1€CK!1X nep1,10.n;oB. TeH,D;€HUl'!H IlOHl'!Jf(€Hl'!H ypOBHll BO.Lib! Ha6-

J!Kl)l;8JI8Cb B H8'-18Jie H KOHU€ npe6opea.11a, oaHH€M 6opea.11e I'! 8TJl8H-

nTM€'-1€HHhl€ TeH.n;eHUHH H€ y.110BHMhle 
TVIKI'! w a Ha'-!a.11e cy66opea.11a. 

osepax JOJ!ttto/;i 
BO Bc·ex osepax. HanpwMep, a nos.n;tteM 6opea.11e B 

3CTOHl'!I'! H86JIIO,ll;8J!Cll H>13Kl'I¾, a B osepax ocTpOB8 CaaoeM88 Bh!CO-

Kl'! M ypoaeHh BO,D;bl• 

AKa.n;eM>1ll HBYK 3CTOHCKQ/;i CCP 

VIHCT>1TYT reoJIOPl'!H 
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0N THE EFFECT: OF HUMAN ECONOMIC ACTIVITIES ON ESTONIAN 

LAKE ECOSYSTEMS 

A. Raukas, A.-M. Rouk 

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 

effect of man's economic activities since long. 

The Estonian territory has been inhabited for over 9000 years. 

The first inhabitants came here about 9500 years 8.P. The remains 

of the oldest settlement have been found at Pulli (9575!115 B.P.) 

within the lower reaches of the Parnu 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. Occa­

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 whi~h 

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 eolien processes, 
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etc. By 1887 the woodedness of the former Estonian province had de­

creased to 19.8% (in the lstonian 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 wi th 

water a 4km-long channel was built from Lake Olemiste (from the 

start of the former Harjapea 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 draughty 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 30,0D0-40,DDD ha 

of agricultural land and 15,000-20,0DD 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. During 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 ~ater reservoirs, making up 1.5% of the Estonian territory have 

been founded (Aruja, 1983). 
A large variety of waste waters, detergents, and biogenic 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 

h Proper U t1"lization is still a problem. So far it liquid manure w ose 
is not possible to dispense with an aerial spraying of fertilizers 

on snow-bound fields and to give up field fertilization in winter 
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conditions, though up to 80% of biogenic substances are known to be 

washed off in spring into water bodies, thereby causing their pollu­

tion and eutrophication. 

In lstonian lakes the acidity of water is abruptly rising and 

water quality worsening. It leads to the decline or complete disap­

pearance of the populations of valuable commercial fish. At the pre­

sent time the vast majority of Estonian lakes are highly eutrophica­

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.a. purposes, 

raising of water level in some lakes, planting of special forests for 

water 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 µroblem 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 the 

only way to protect lakes from overgrowing. Thus, the renovation of 

lakes is closely related with the utilization of sapropels. In Esto­

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 (Jarvemudade kasutamisest, 1984; HeifwTa,I\T, 1982; a.o.) 

their production is still being considered unprofitable. So far lit­

tle attention has been paid to the elaboration of the technique to 

be applied to producing of sapropels. 

We are of opinion that narrow material interest of single ins­

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, qua­

litative and quantitative improvement of commercial fish stock, not 

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

In view of this, while renovating inner water bodies sapropels can­

not be regarded purely as useful mineral resources, which usage in 

national economy must compensate for all the expenses related to 

their production, but as a by-product, which is to be utilized 

( Haan H .I\P. , 1 985) • 

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 picturesque part of 

landscapes deserve protection and maintaining. However, it is un­

thinkable, and therefore spacial care should be afforded to the most 
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valuabla of them (Maemats, 1977): 

1: Lakes of rare and unique origin, 
tic crater on s aaremaa Island; 

e.g. Lake Kaali in a meteori-

2) Lakes rich in fish, e.g. Lake Saadjarv; 
3) Lakes abundant with • 

river crayfish; which have (e.g. Lake Ka­
rujarv on Saaremaa Island) 
republic; 

become now rather uncommon within the 

4) Especially picturesque lakes or 
groups of lakes, e.g. Lake Pu-hajarv; 

5) Lakes po • 
. sessing rare ecosystems, particularly 1· o igotrophic, 

semidystrophic, and alkalitrophic ones; 

6) Lakes with a sluggish flowage 
and those without outflow, in 

particular; 

7) Lakes rich in rare plant and animal 
8) 

species; 
Lake~ whose research history is fairly long, which makes 

of special value for future comparative investigations· 
9) Drinking water storages. ' 

them 

Landscape sanctuaries and 
preserves have been set up and hydro­

logical preservations have been planned 
. to ensure a possibility for 

coming generations to live in a world of naturall·y 
pure waters. On-

ly bathin~ in merely fixed places is allowed in lakes under complete 
conservation. Protection of the 1 k d 

a es un er complete conservation 
covers the catchment area as well h . . 

. . ' were amelioration, non-selective 
cutting, chemical fertilization and 1· · • . · 

iming 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 conservatinn 
-• of lakes, 

we mustn't forget about lake sediments either, since the latter sto-

re valuable information about the past geological event . s, environ-
mental 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 d un er the state protection as archaeo­

basins, e.g. those containing annually logical monuments. Some lake 

laminated deposits sh ld b ou e protected as natural objetts. 

In view of the above, the strategy of the utiliza.tion and con-
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servation of l akes varies. 
The value of each lake s hould be estimated 

jointly by limnologists, geologists and 

determine the sphere of its utilization 

archaeologists in order to 

and the degree of its protec-

tion • . . i. n ::.s t onia in-
According to economic estimates, water def1c12ncy . 

re availa ble to 1n­ll by 5 per cent. Many reserves a 
creases annua y . resources of la-

f . h ield in inland water bodies. Rscreat1ve crease 1s Y . a wide s pectrum of sc1en­
kes are not sufficiently used. Therefore, 

tists, including geographers, biologists, 
and so on, are 

geologists, medical men, 

engaged in studying the la-
hydrotechnicians, chemists 

kes of the republic. Their 
work is coordinated by the Republican 

Of the Research of the Baltic Sea and In­
Council of the Coordination 

Commission of Anthropo genic Eutro phica-
land waters and the Problem 

the Presidium of the Academy of Sciences 
tion of Inland Waters under 

of the Estonian s.s.R. Joint 
efforts of scientists and public opi­

Conse rvation of our lakes for future 
nion promote 
crease their recreative and economic potential. _ 

generations and in-

of the Es tonian s .s .H., Academy of the Sciences 

Institute of Geology 

Institute of History 
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0 BJ!l15IHJ1l1 X03RV!CTBEHHO;; ,ll.ERTEJIJ:,HOCTl1 l!EJIOBEKA 

HA 03EPHI:IB OKOCY!CTEM!I 3CT0Hl1Jli 

A.B. PayKac, A.-M.P. PizyK 

PeSllMB 

lle.11□ B8K aaceJiffBT TeppHTOPHll 3CTOHHH CBJ,11118 9 000 .IIBT, HO 

rrepe.lI□M BO aaaHMOOTHOWBHHffX qe.11oaeKa H IlPHPO'Ali np□HBOWB.11 BABCb 

B KOH~e K8M8HH0f'O H Haqa.11e 6pOH80B□ro BBKa, □ K0.110 2500-1500 .IIBT 

~o H.a., KOf''A8 CKOTOBO'ACTBO H 88M.118AB.IIHB,no 'ABHHJ\IM apxeo.11orHH, 

HBqSJIH Hapff'AJ C OXOTOV. H pH6□JIOBCTBOM Hrp8Tb ace 60.llblllYll p□.llb 

a EMSHH o6wecTBB. ilpHMepH□ c ST□ro apeMeHK B 038PH0-60JIOTHHX 

oTJIOEBHHffX □6HapyJKKB8B)TCff nepaHe npo6JIP.M8TllqHN8 ~8XO'AKH TIN.llbQN 

KY.llbTYPHHX paCTBHMW H copHffK□ B, a 6o~ee .Il.OCTOBBpHNe - C Haqa.110 

cy6aT.118J!THqecKOf'O apeMBHH. HaH60Jiee paHHHe C.IIC.Il.!,1 Henocpe.n.cTBBH­

tl)lU B08'A8!1CTBHff qeJIOB8K8 Ha oaepHHe aKOCHCTBMH /Hanp. CBK.Il.8-

Te.llb CTBS 06 y6HCTp8HHII 8BTPO~HK8QHH no .Il.8HHh!M 11ayqeHHff KJIS'AO­

~ep/ T&K~e OTHOCHTCff K Haqa.11y cy6aTJI8HTMqecK□ro K.IIHMSTHqecK□ro 

nepHo.n.a. 

TiepaNe cae.n.eHHH 06 ocywHTB.llbHHX pa6□Tax Ha 6eperax oaep 11 

B 60.IIOTax C aa.110JKBHHBM CHCTBM ocyw11TB.llbHHX KaHaB OTHOCffTCff K 

14-15 BBKaM. K H8CTOHWBMY apeMBHH yp□BBHb B0~!,1 ypery.11Hp□B8H 

np11Mep110 y 700 oaep Ha HMeBJ!l1J'IXCH 1500 H coa.n.aH□ 60.11ee 150 ao-

11oxpaHH.1111w, Ha KOTOpHe npl1XO'AHTCff OK0.110 l, 5% TeppHTOp,rn: pec­

ny6.11HKI!. HaqaTN pa6□TH no oa.n.op□ BJIBHH~ oaep c YTHJIHSa~Heij can­

pone.11ew. KpoMe coa.n.aHHHX .11aH'AW8~THHX aanoae,n;HIIKOB H 88K88HIIKOB 

aan.11aHHp□BaHO yqpe'Al!Tb cne~HBJ!bHHB f'll'APO.II□r11qecKH8 aanoae,n;HHKK 

K aaKaaHHKII. MH□rHe oaepa H HX rpynnu yxe ceijqac Haxo,n;HTCH no.n. 

rOCYABPCTBeHHOV. oxpaHoij. 

AKB.Il.BMHH HayK 0CTOHCKOM CCP, 

HHCTMTYT reo.11□ f'HH 

HHCTHTYT HCTOpHII 
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rALAEDGC:OGf:AP HICAL STAGES IN TIIE DE\/[L[PMG! T OF 

LATGr. LE UPLi\'.·JD Lf.Y. :cS 

L. Scrgeeva, V. Y,homutova, I. Trifonova 

In the region of Latgale Upland a group of l akes has bs~n st~­

died by the investigators of the Institute of Lake Research 
Acad.Sci. USSR. Within the frames of complex limnological inve s ti­

gations much attention was given to pa laeolimnolog',' of lakE s Vorka­

lu, Sleinovas, Rogaizhu, Dlinnoye Snidzinjas, Cecheru (HKOB.118B8 

et al. 1981; .:,as1,1,1tosa·, 1983; Cepreesa, 1'J83; XoMyT□ Ba-, 1953; 

HK□B.118B8 1 1983). 
The present paper deals with the recent palaeoli~nological da-

ta obtained through the study of Lake Rudushskoye . Lake 1udushskoye 

is situated in the cen t ral part of the Latga le Up l and. It li e3 in 

the main mare ine zone coinciding with the region of maximal glacial 

accumulation t(:epe6psiHHlill1i, qyKJIBHK□Ba, 1973). The lake ha s a s:na ll 

catchment area (1.35 sq.km), with its hummocky relief being compo ­

sed of till and occupied by agricultural land. The total are a of 

t he lake is 0.061 sq.km, maximum depth B m, average depth 4.2 m.Mo­

dern bottom sediments are represented chiefly by arg anomineral silts 

with organic matter content accounting for 19-21% (in dry weight of 

sediments). Littora l zone is very narrow and ccv8rcd by san dy depo­

sits. Silts are of brownish-black and black colour ing. Calci~m car­

bonate has accumulated only in tt,e f orm of biogencus shell •, r..ate­

rial in the subli ttornl zone ( 10-40% C<1CC 3). Si 1 ty sedimef\tS ara 

practically free of carbonate ( .(10% CaC0 3) . 
The column w<1s taken at a depth of 5.5 m. Tote l thickness of 

sediments is 610 cm. The section reveals the following l oyers f r om 

bottom upwards (Fig. 1): 

fine gray sand 
peaty silt (mud) with wood fragm ents •••••• •••• •• 6.05 - 5.98 m 

- ................ . ............ G. ~O - £, . 05 m 

fine sand rich in plant detritus 
............ 5.96 - 5.93 m 

'l 
~ r ,~, 
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laminated orga~o-mineral brown silt (mud) 

compos8d of sandy laminae of various thickness, 

with unevenly distributed plant remnants of 

different origin (macrophytes, wood pieces, 

leaves) .................................... 5.93 - 1.20 m 

fine sand with woody remnants and 

gravel ..... . ........ ... ..................... 1.20 - □ .75 m 

dark-brown silt (mud) with black sticJ:~ ,:rs 

comprising p l unt :-err.nants ...... . 0.75 - D.30 m 

dark-brown silt (mud) passi ng into black, 

silt (mud) ........................... 0.30 - □.□□ m 

Pa.i.aeog eographic stagos of lake developm,rn t ar:_e discussed on tho 

basis of the r8su l ts of palynological an<1 l ysis, 14c dating, litholo­

gical and geocl1emical analvsi s (gr.:iinc-size, absolute masses of 

principal components of sediments, derivatographic, chemical analy­

sis of the concentrations of biogen elompnts). Spore-and-pollen dia­

gram is pr esented in Fig. 2, the indices of t he above characteris­

tics are shown in Fig. 1. rlCcording to floristic composition 7 paly­

n □ znnes are distinquished in the spore-and-pollen diagram. On the 

whole the diagram holds information on the development of I vege• 

tation i n the study area for the Holocene period since ~oreal(BO). 

According to palynological evidence the lake sediments are da­

ted in the f ol lowing way: 610-580 cm (BO); 580-340 (AT); 340-140 (SO); 

140-0 (SI'.). flolocene stages are Lli fferentiated according to ( Hel!arra,11;T, 

1957), ths E inits uf chronozanes 3ccording to r-J.A. Vihot.insky ( Xo­

TKHCKKl!J977 ). Qr differentiating the sediments as a key horizon ser­

vsd the Ho locene A·t1antic optimum. In pollen spectra broad-leaved 

s peci~u accounted for 35% of the total amount of arborecent pollen. 

As a rule, t he pollen of elm, lime a nd oak is represented. 

By ma3ns of radiocarbon method Kh. A. Arslanov has dated a 

sample of peat from the deµth of 6.05-5.98 m: 839□ :!: 150 ( JIY-1713). 

Tt~us , both rndiocarbon and pa lynologic evi dencP- refer the formation 

of Luk2 Rudu shskoye to the Late-Gorrrnl. Minera l sandy sediments cove-

ring the 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 
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t of lake do-

i matter (1.57%). The □ar eal sage 
low content of organ c uns t able hydrodynam i cal r e-

is characterized by extremely 
velopment . t er and ac cumulat i on of l ake 

fi l ling of the basin wi th wa • nder the 
gime. The t· of • he peat horizon u , 
Sediments started with the forma ion " . Tt11·c is proved 

fl e r egime. ~ 
conditions of shallow water and poor owag d t hei r poor sor t i ng 

t. f s edimen t s an . 
by fine aleuritic comp□ s i ion □ ma terial is ins i gni fican t 1n se-
cc - 7.3). The role of terrigcnou s t • ~ 2 . 4 times 
~□ nt of organic componen s .~ 

diment composition, the conte f f ine si' t s ( 3 cm) 
ne s . A t hin layer o ~ 

as much as that of mineral □ (C CO - 20.2%) an d ly ing on 
(5 - 5.1) enriched by carbonate matter ad · ~ · ns Towa rd s t ile Bnd 

□ was formed under similar con i i □ • : . c 
peaty stratum shallow Lake Rudushskoye i ncreas e~ ~ig-
of the Boreal the flowage of 1. a carbonate hor 1z □n 

d s ediments over ying 
nificantly because the s an Y . s components in-

r e - 1.3 ) . The share of t errig1mou " 
are well sorted -~ 0 , , (O 86 mg / cm3 ) where as t hat. □ , 

sharply i n sedimen t compos, t ,on 3. 
creases (0.058 mg/ cm ) . 

. components dacreasc s h · 1 ·zes organic . d t he l ake r egime s t aui i • • 
At the beginning of Atlantic per i o 

in the chare of carbona te 
and t crr igenous components 

i n fine si l ts test i fies to Shar p decrease ~ 
. geneous components 

and increase in organ□ f bonate accumulat i on 
1 k The process □ car 

ater level rise in the a e. t of sediments in-
w f organogenic componen s 
ceases, the contribution a d h mid climate cf At lant i c pe-

tl due to warm an u , . 
creases. It is grea y ble hy dro dynamic r ~a1me and 

d of ge□eral f avoura 
iod At the backgroun i t m~y be distin-

r • t tl1is stage of Holocene c. 
high level of lake trophy a • lake lavel 

• . th O certain .decrease 1 " 

t three phases wi t d guished be ween 0• ents (we ll- s or O 
osition of bo t tom s o im 

as is revealed in the comp • . r the absoluts mass of 
. b d~) In thes e horizon., 

s andy and coarse s11 t e J • ) 

t~ increases (Fig. 1 • 
terrigeneous componen ~ d a numbe r of transgres-

In the Subboreal Lake Rudushskoye passe ediment profile re-
it dev e lopment. The s 

sive-regres sive phases in s .char ac terized by high absolute ma~ 
veals two prominent sandy layers . ~ we ll sor t ed 

tc Thos e sedime nts a. e 
Va lues of terrigeneous componon ". d der s ha l 1 o;,J-water 

th re forme un •• 
- 1. 3-1. 8) • It shows that e y we ce 

(So 'ti □n of sedimen t s. The prsi;sn 

Con.di tions due to repeated redepos1 . of lake de· 
b t reorcssive s tages 

hor izons evidences a au ~ 
of these sandy 

velopment. 
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At the begipning of the Subatlantic the lake level rose again 

(layer ~l't the depth of 120- 140 cm) which is shown by fine-silt cam­

position of poorly sorted sediments characterized by low content of 

mineral components. The composit i on of sediments at the depth of 

120-70 cm proves the recurrent lowering of water level in the lake. 

Sandy sediments accumulated during this period are well sorted (5
0 

-

1. 4-2.8) and show an increase in absolute masses of terrigene□us com­

ponents. The phase of high water level begins from the middle of Sub­

at l antio period. Sandy s ediments give place_ to poorl~ sorted (5
0 

-

5- 7) aleuritic-pelitio (60-30 cm) and pelitic silts (30-0 cm). 

On the whole 1the transgressive-regressive rhythm in the evolu­

t ion of Lake Rudushskoye correspond to those of Latgale Upland lakes 

i n Latvia and to Lithuanian lakes ( JiiroBJIBBa, 1983; T'apylfKIIM'ifc, 1975). 

The level of productive processes in the water body changed in 

accordance with the alte r a tion of climatic ~onditions. We have traced 

i t by mo ans of two indices - absolute masses of organ□genous compo­

nents and the content of chlorophyll derivates . 

It is known that the utilization of plant pigments as the index 

of lake primary production in the last depends mainly upon their pre­

srrva tion i n the bottom sediments . Analogous run of distribution cur­

ves of chlorophyllJerivates and organic matter concentration points 

to good preservation of residual chlorophyll in sediments of the lake 

i nves tigated. On this basis we may suppose that its content during 

pos tglacial time corresponds to the ancient levels of primary pro­

duc tion. 

The an alysis of the distribution curve of chlorophyllderivates 

in the column permits to distinguish between 4 stages characterizing 

the alterat i on of lake productivity (Fig. 1). 

The first stage is characterized by increase in the lake's pro­

ductivi ty at the beginning of Atlantic period when the input of mi­

ne ral ma tte r from the catchment area reduced. The second stage marks 

a rather long-term trophic equilibrium with environment (AT and SB). 

The concept of trophic equilibrium has been described by other inves­

ti gators (Hutchinson, 1969; Adams, Duthie, 1976) as well. At the 

background of definite constancy of the values Of residual chloro­

phyl l pigments and or ganic matter content some fluctuatioITa are 
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still revealed . They 
earlier described rhythmic 

correlate with 
concentrations of compo-

hydrologic regime. Low . fluctuations of lake 
i h ones with trans­phases, the h g er 

.nents coincide with regressive 

gressive phases. f human impact on 
The third stage coincides with the period o 

) The intensification of terrigeneous 
the lake (the 8-1Dth centuries • t ea in this period is 
(mineral) material input from the catchmen ar 

1 lake productivity. 
characterized by ow h · ncr e~cc of water tro-
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t • c •he content D C 
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1 
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at this stage po available for the lake ecosystem. 
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Natural rhythm of s edimentat on 
the catchment area. 

greatly disturbed by human impa~t on terrigeneous material reflects 
known t he sedimentation of As is • n the catchme:nt t of erosional processes 1 , • 

the degree of the developmen 1 c i ~ of Suba tlantic 
of lithological-geochemical ana Y~ ~ 

area. The results h~ko e shows that important changes have taken 
sBdiments of Lake Rudus ~ y d half of Subatlanti c 

. ment composition since the s econ . 
place in sedi . . . • 11 tic changes nor 1,11 th the 

1 te ne1therw1,h c .ma 
period. They corre a lt f these chonges ttiree-four-

t th t time As a rosu o 
state of · leke a a • t d decrE!a'8 of percent~g'!I 

• enoous componen on 
fold increase of terng . • t t ck - l ::. ce. r:12 initial 
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concentrations of org .• 
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in sediment compos1" ' 
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1 Pollen curve dated us e . 
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human disturbances o t die~ on the composition of 
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f Lake Rudushskoye an • 

bottom sediments O 
• • ttar r ontent agros 

l
·nctices as the mineral and arg~nLc ma -

portant 
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with the data of pollen-and-spore analysis aimed at detor;r.ining the 

init ial s tages and development of human influence in retrospective 

aspect . 

In the l~locone the essential change s in vegetation cover occu­

red also in its lost stage, i.e. in Subatlantic period, especially 

during the last .800-1000 years. The empirical limi \ of Cerealia pol­

len and accompanying weeds is distinct on pollen-and-spore diagram. 

This boundary i s closely related to the development of agriculture. 

The second im~ortont anthropogenic boundary is distinguished at 

chronological level approximately 200 years ago. It is r~c or dod on 

the di ag ram by the culmina tion of birch, willow and cultural Grami­

:,c -.1e pollen owing to n;:;tive forest fell and iclowing of thaterri tory. 

Thus the detail ad complex paloeolimnologic investigation of na­

tural s □ dimentation µrecesses serves as a basis for the elucidation 

of t1urn.in impact. 

Academy of Sciences of tho u.s.s.R. 
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1'! 8ytieHa rpyHTOB8.!I KOJIOHKB MOil!HOCTbJO 6,I M. Ilo pe3yJibT8T8M 
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HOJ!Or'KtieCKOr'O v.ayqeHH.!1 JI! C ,18THp0B8HJl!.!1 YCT8HOBJieHo, tiTO 

B08HJl!KJIO B 6ope8JihHNM nepv.o.n:, rrplllMepHO 8 500 JieT H888,ll, 

Il8JI1'!-

08epo 

Oaepo 

HCITNTb!B8JIO p.11,n; Tpa1-1crpeccHBHO-perpeccHBHLJX cpaa, CBll38HHLJX c Jl!8-

MeHeH!1.!IMJI! KJil1M8TTl!tieCKHX YCJIOB11M, tiTO H8IILT.O OTpaxeHHe B oco6eH­

H0CT.!IX Be~eCTBeHHOf'O COCT8B8 oca,n;KOB. B COOTBeTCTBJl!H C H8MeHe­
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aaTeJiet\ - a6COJIJOTHNX MBCC opraHoreHHLJX KOMTIOHeHTOB v. co,n;epxaHV.M 

,11epv.BaTOB x,11opocp1!:JIJI8, Ha cpoHe v.ayqeHHNX 88KOHO.MepHOCTei1 ecTeCT­

aeHH.O-npHpO,n;HOM Pl1TMHKH oca,n;KOH8KOn.11emr.11 BN.flBJieHN ee HapyilleHH.fl 

no.n: BJIHHHl!:eM aHTporroreHHOr'O cpaKTOpa. 

AKa.n;eMH.!I HBYK CCCP, 

YlHCTKTYT oaepoBe.n:eHH.!1 



-164-
0N FORMATION OF SEDIMENTS AND DIATOMS AND POLLEN COMPLEXES 

rn THE LAKES OF THE LITHUANIAN rJATl □rJAL PARl'i 

M. Kabai l iene, J. Tamo§aitis, F. Martinkeniene, B. Vaifviliene 

The Lithuanian National Park is situated in the NE part of 

Lithuania. It has an area of about 300 sq.km., of which 15% is taken 

up by lakes. Woodlands cover 7B% of the territory, i.e. the woo dine s s 

of the area is thrice as much as the average for Lithuania. Pine fo­

rests (83~) prevail, birch and sp r uce woods make up B.7 and 5.2%, 

cor r ospondingly . 
For several years the principal lakes in the National rark have 

been subjected to ~omplex studies. This paper deals with the recent 

data obtained through the analysis of pollen, diatoms and composition 

of sediments accumu l ated in five lakes within the year of 19B0. The 

sedimentation rates obtained are also presented. Studies were car­

ried out on lakes of diffe r ent type. 
Of the lakes studied, the largest is Lake Dringis (7.21 sq.km), 

its average depth being B.4 m, and the maximal one - 24 m. Its catch-

ment area is rather woody (45.2%). 
The lakes Pakasas and Utenis are of the same size and depth , but 

they differ in woodiness of their catchments. Forests around Lake Pa­

kasas occupy only 9% of the catchment area (with the agriaultura l 

lands prevailing), whereas the envi r ons of Lake Utenis are rather 

rich in forests (42.7%). Goth lakes, being se vera l times smaller 

than Lake Dringis, are s i milar i n depth and have rather large catch-

ment ar eas. 
Lake ~akarvai is not l arge (0.78 sq . km), but t he deepest of al l 

the lakes studied: max i mum depth - 40 m, average - 16 . 5 m, with a 

high flowage and large catchment area . 
The sma l lest and the shallowest of the lakes studied is Lake 

Gruodiskis (Q.24 sq.km) . I t has an outlet and smal l catchment area 

covered with forests (67%) (F i g. 1). 
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In order to determine the sedimentation rate and take sediment 

samples for the analyses 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 
' times 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 within 

a certain time (quantities of pollen and diatoms settled on 1 m2 per 

second and per day were determined by the method proposed by M. Ka­

bailiene ( i(a6aii,1eHC, 1985). 

In the target lakes the highest rate of sediments accumulation 

was registered during summer and autumn periods: 1.23-4.31 and D.59-

6 .61 g/rn2 per day, correspondingly. In winter, under ice conditions, 

deposits are also being accumulated in all the lakes, but in small 

quantities ( □.□64-D.G2 g/m2 per day). 

Sedimentation rates vary with lakes. The lowest was recorded in 

tile :,mall, shullow Lake Gruodiskis fed prevailingly by ground ,cater 

(0.064-1.23 g/rn2 per day). Organic material in its sediments makes up 

65.9-81.3%, an d its amount is directly proportional to the intensity 

of sedimentation. The amount of inorganic material, rather small and 

slightly fluctuating in the course of years, indicates that the con­

tr ibution 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 5akarvai fed by water from other lakes the ·se­

dimentation is a·lso 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%) 

is rather high. In this case, a part of material corning from the 

cat6hment area is acc umulated in the lakes serving as feeders for ~ake 

5akarvQi, 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 

surface water. The catchments of these l akes are intensiv e ly use d 
for agricultural purposes. Sedimentation r a te is considerably high­

er here (up to 6.61 g/rn
2 

per day) than in the above- ment ioned l akes , 

and sediments are rather rich in inorganic particulate materi a l and 

calcium carbonate ( l{a6a;i.lleHe ,1 .i:p ., 1983). 

The highest sedimentation rate of diatoms (up to 165,000 frus­
tules/ rn 2 per sec) was found 1·n the runnin~-water lakes of Pakasas , 
Utenis and Dringis, fed main ly by surface water, i.e. i n the lakes 

with highest amount of delivered nutrients necess ary for the deve­

lopment of diatoms. The lowest sedimentation rate of di a toms (3-603 
2 

frustules/m per sec) was registered i n Lake Gruodl§kis fed mainly 

by groundwater. Accumulation of diatoms proceeds at the highest rate 

during the summer period (603 and 47,900 fru s tules/m 2 per sec in 

Gruodiskis and Utenis, correspondi ng ly), whereas i n the oµen lak e of 

Pakasas (having a catchment area with a widely developed agr icu l t u­
re), it was most intensive in autumn. 

The overwhelming majority of diatoms be longs to t he fre s hwater , 

either oligohelobic or indifferent species. In summer , there is en 

increase in abundance (especially in the l akes of Dringis, Utcni s , 

~akarvai) of halophilous species (Cyclotella operculeta, Fragil a ria 

crotonensis, Fragil□ ria primata, Epithemic sorex) , ~ro bab ly, due Lo 

their preference to the water with slightly increased minara lizot i cn . 

These changes in the composition of diatoms occ ur ac O respons e to 

the human economic activities, and are conriected wi th the growi ng i n­

put of inorganic material into the lake. During the sam 8 r.;er :. od, thG 

abundance of boreal species characteristic of the water bauins or 

middle latitudes increases as well. Halophobes are found i n sma ll 

quantities, being a bit more abundant (2-3%) in the sed lments of 

winter period (under ice conditions) in the lakes of Gruodiski s ~nd 

5akarvai, where Tabellaria fenestra ta, Tabnllaria flocc ulosa , Neidium 
iridis etc. have been found (Fi Q. 2) . 

Since the studies were performed on the :.;edi rnrmtc frore tile deep ­

est sites of the lakes, the planktonic sµecios proved most atu~0unt , 

and only in the shallow lak e of Gruodiskis bcnthic diatom~ µrevDiled 

with rather large quantities of epiphytes. The di atoms ~L ou nd 8 d in 
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the sediments of Lake Cak.J rvai, which is a deep luk s with l ntensive 

drainage. This favours the transport of frustules of littoral ~pecies 

(including the eplµhytes settled on the bottom in the shallow near­

shore zone) to the deep zone. 

Spec1es composition of domin,mt di atoms differ:.; uil th lakes.Diu­

toms are subjected to the especially ctrong influence of watYr ente­

ring the lake and bringing in the substances necessary f □ r their life. 

There are different dominants of Navi cula (N. radiosa, N. suLtilissl­

ma, N. cryptoeephala) and Cymbella (C. affines, C. ehrenbergii, C.na­

vicullformis) in the sediments of Lake Gruodi&kis. Most of the plank­

tonic species belong to Cyclotalla comta. Some domln~nts are common 

for the lakes of Pakasas, Utenis and Dringis. However, there are dif­

ferences as well. For example, in Lake Pakasas the representatives 

of the genus Aulacosira are of the utmost importance, whereas Fra­

gilaria crotonensis prevails in Lake Utenis. The sediments of Lake 

Dringis are dominated by Fragilaria crotonensis (up tc 40-60%), there 

are many frustules of Cyclotella □porculata, whereas Aulacosira ita­

lics appears in rat her small numbers. The sediments of Lake Sakarvol 

are dominated by rei::resentatives of Stepi1anodiscus (about 50% of the 

total quantity) (Fig.2). 

A close relationship was found between the abundance □ f diatoms 

and the sedimentation rate . The incruase in th~ abund Ance of ~l~tom 

frustules in sedi ments is related to the higher rate of sedimentation . 

The results of diatom analysis indicate, that und8r the :.;iml.br 

physical and geographical conditions di fferenccs in tt1:2 cornposi ti □ n 

of dominant diatoms are rather common in cooval sodim8nts ln the 

lakes of different type. They also show that the abundan ce of di a tom 

frustules increases with an increase in the inflow of surface water. 

On the basis of these data , it can be assumed t hat strata with in­

creased numbers of diatom frustules (in the section of Ho l ocene l □ko 

deposits) correlate with more humid climatic periods. Such an assump ­

tion is well supported by the data obtained through the research on 

diatoms in Holocene deposits of Lithuania's lakes . 

The maximum quantities of pollen in the target l 3kec were f ocnd 

in spring and s ummer sediments. For the 11::Jj □ ri ty or tile L,kes, poll1"11 
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s·edimEmtation was higher in s pring than in summer, .e. g . , in Lake 

Gruodiskis 53,500 pollen grains were sottled on 1 m2 per day in 

spring, in autumn 29,500. For Lake Pakasas, the corresponding 

values wore 206,500 and 82,900. For the large st lake - Lake Dringis, 

on the contrary, pollen sedimentati on in summer was slightly higher 

than i n spring~G5,300 and 49,700 po llen grains on 1 m2 per day, cor­

respondingly. Her 2 , due to a considerable mixing of water in spring, 

the delivered pollen settled with soma dElay. 

During the year, tree pollen grains (40-89%) prevailed in all 

the lakes with a dominance of birch pollon in spring and pine pollen 

i n othor seasons of the year. The spectra of pollen settled in sum­

mer and autumn were found to have tho maximum resemblance to pollen 

spectra of f or ests growing in the catchment area. During these sea­

sons , th e pine pollon was prevailing (40-701), followed by birch 

(15-35%), alder (5-20%), fir (5-10%) an d broad-leaved species (2-4%). 

The response to phenolcgical phe nomen a , i.e. t he sequence of bloo~­

i ng , i s better displayed by the pollen spectra of spring sediments. 

Sli ght l y ir1creased quantities of pollen of broad-leaved tree 

□ pccios and hazel were fou nd i n the sediments of Lake Pakasas. The 

poll.en of cultur ed cereals a~peared in larger quantities than in the 

other lakes . 

Thg l ar ges t quantit ies of herb pollon were settled in summer, 

i.e. during the intensive bl ooming of herbaceous plants, and most of 

the spares were found in the s pring sadiments. The pollen of ground 

pl ants µrcvoiled among herbs, and representatives of Bryales domina­

ted among ·s pores. 

The sedimen ta t ion rates of pollen in winter (under ice condi­

tions) hav o been also estimated. At this time, the largest quantities 

of pollen were settled in Lake ~akarvai (with intensive drainage) and 

in the largest study lake - Lake Dringis (6800 and 4571 pollen grains 

on 1 rn 2 per dey, correspondingly). The smEJllest quanti tics (224 µal-., 
len grain, on 1 m~ µer day) were r eg istered in the small and shallow 

l ake crf 6rw odiskis. The maximum quantity of pollen of some species 

of t he yea r was found in the winter sediments of several lakes: oak 

(up to 3-4%), olm (up to 3-4%), there were rather large quantities 
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of pollen of pine, birch, alder, but little spruce pol len . Large 

quantities of herb pollen were also found in the winter sedi~ents of 

all the l akes. In winter, herb pollen abundance ~as higher than in 

spring, and i n some cases, higher than in summer. For Jnsta nce , un ­

der ice conditions, the winter sediments of Lake Dringis had the ma ­

ximum quantity of pollen of Rumex and Po lygo naceae , whereas those of 

the lakes of Utenis and Sakarvai were dominated by Cramineaa µollen 
(Fig.2). 

Sedimentation of pol l en in winter, under ice conditi ons , i ndi ­

cates the complexity of t his process in the lakes. The obta ined da ta 

indicate t ha t a part of pollen brought i nto o lake docs not settle 

immediate ly on the bottom. The r esuspen sion of settled ~ollen ~r □ ins 

from.the bottom ·of t he li ttora l unde r the influence of waves und 
currents is a lso possible. 

Vilnius State University named after v. Kapsukas 
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l~K 551.8:551.79 

0 <IIQPMl'lPOBAHi1ll OCA.D.KOB, ~YIATOiliOBW! i1 !1bl./lbl.l,Ei3WC KOMJ1./lliKCOB 

B 03EPAX JlliTOBCKOfO HAWtOHA~hHOfO fIAPKA 

:\t.B . KaOaii,11eae, E.C. Tawowal\Tl!IC, 11>.Il. MapTl!HKeHeae, 

B. ii. Ba!!'lBHJieHe 

Hay'leHl!le CKOpOCT• OCaAKOH8KOilJ1eHHH1 COCT8B8 OC8,!IKOB, ,lll!STO­

NOBWX 80,ll.OpoCJiel!. IlNJlbUN B nnTH paaHOTl!lllHNX oaepax nl!TOBCKOrO 

HSU.MOHSJlbHoro nap1ta a Te'l.eHJ«e roAa noKasa.uo: 

l. CKOpoC'l'b OC8,AKOH8KOilJ!€Hl!lil 8 p88HWC osepax p88Jll!'lH8H, 

Ca,u,11! Hll8KJd! T&Nn OC9AKOH8KOI1J1eHl!IH ()},I.II YCTSHOBJieH B neOOJlbWOM, 

HerJ1y60KOM, Ill!ITSeMQM a OCHOBHOM IlO,ll8eMHNNl!I BOASMl!I oaepe, H81!16o­

JJee l!IHTeHC!llBHO OC&,ZlKII HSKOilJUIJIIICb B oaepax, n11Taeuwc: noaepxHOCT­

Hl,IMM BO,ll.8Mll, HMellUU'IIUl NSJIO o6JleceHHJ,le BO,llOCOOpl>I, 

2. Oowee l(QJll!l'l8CTBO ,lll!STOMOBl,l.JC BO,llOpoc.11eff HSl!OOJiee BJ,lCOKOe 

B Cl!JlbHO npOTO'lHliX, lll!TaeMNX B OCHQBHOM noaepxHOCTHliMI! B0,ll8Ml!I 

or.epax. BK.llOBOn COCTSB AOMl!Hl!PYlllllMX Al!STOMOBliX BOAOpocJieij B paa­

HliX oaepax paaJ!H'lHNii, 

3. MaKCl!MB.llbROe KOJ!lil'leCTBQ IlNJ!blJ.l,l oce,llaeT aecaoil, BO apeMH 

uaeTeai;u1 AepeabeB. 6 aeceHHltX oca.r1Kax npeoOJJa,llaeT Ilh!JibUB 6epe Shi, 

a a Apyroe apeweaa roAa - cocHh!. !1t,iJJbUS npoAOJl~aeT oceAHTb 81!­

MOH B llOAJJ8,llH.blX. ,YC./IOBlllHX, ITOJI,Y'leHHble ,ll8HHNe CBKAeTeJJbCTBYJOT 0 

CJIOJlHOCTlll npouecca c.eAHN8HT8!lJ.!II B oaepax. 

BJ.!AbHDCCKHH rocyAapCTBeHHblH 

YHll!BepCl!IT8T li!M. B. KancyKaca 

~KSAeMl!ft HayK nHTOBCKO~ CCP, 
OT,11e.11 reorpaq:11111 
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SEDI MENTATION PROCESSES MJD ,1 ATES OF SEDI MENT 

ACCUMULATION I N THE LAKE S OF DIFFEREN T TYPE 

J. Tamosai tia 

The character and rates of sedime ntation processes in the lakes 

are determined by both quality and quantity of the su pp lied material 

and lakes morphometry ( rapy1rnlllTMc-, 1975; PoccoJrMMo, 1%9). Forma­

tion of bottom deposits is caused by a variety of factcrs such os 

those related to the catchment (area, physical and geographical con-

diti ons), lake basin (morphologic-morphometric features), which 

material dissolved or suspended is being supplied from by the 
t he 

sur-

face (river, overland flow) and ground-water run-off, as we l l a s 

climatic and meteorologic factors (air temperatu r e, ~r ecipita tion , 

wind n:g i me) c wusing t he de livery of dissolved and suspended mat 8 ri ri l 

in a form of aerosols. I n the l ake itse lf, the proces se s cf s edi me n t 

accumula t ion are influenced by morphologic-morpho1notri c t r a i t s ( area , 

shape, depth), phys ical properties of wa ter mas s es an~ c hem ica l c cm-

position of water, aqua t ic plants and fwuna teing the cause of cnc cl :c ­

nical, chemica l and t i ological sedimentation. Ac co r di n~ to the ir im ­

pact on s edi me nta tion prc::~sse s , t hev c an be d i v i de d i n t o 0 ctiv!! 2 r~d 

passive f actors , the f or mer taking par t directly i n the fcr mE ti on of 

bott om depos its, e.g. t he su=face a nd gr ound-water r un - off
1 

wi r1 d , 

precipitation, aquatic plant s and fauna, the l a t t er bei ng em­

bodied in the physical-geographical condit i ons of the c a tc hm□ r t , mor ­

phologic-morphometric traits of the ba s ins , etc. 

The ma t erial can be deli vered into the l ake From t he catc hment 

by water run-off, a tmospheric dust and preci pit~ti en i n a s us pend ed 

and dissolved form; thereafter, suspended ma teri a l i s t e ing s et t l ed 

on the bottom, whereas di s solved ma t eri a l become s t o pa r tici pate i n 

the ma terla l and ene rgy ci r cul ation i n the wate r bod y , an d on l y s ub­

sequently, its certa i n part en te r s tho bo t tom de pos i ts . 

Physical and geogra phical condi t i ons of the catchmen t s □ r e co n­

sidered as the principal factor determin ing Um 1,,1drcc hc1,1 i c6 l r ,.,gi r,, e 
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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 sed imen t form a tion ( Poecu.11m10, 1977). Dli.gotrophic lakes are 

characterized by a low nutrients supply. Therefore, a characteristic 

f ea ture of oligotrophic-limnic ecosystems is a low value of positive 

ba lance of production-dostruction processes, i.e. a s light excess in 

fo rmat ion 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 materia l and its accumulation in bottom deposits is typical of 

these l akes (e.g. lakes Duobelis, Lavysas). 

Mesotrophic limnic ecosystems are related to the transitiona l 

ato □ o □ flake development with the orga nic material acc umulating in 

to~tom deposlta. To this group belongs a vast maj ority of target 

lakes, e .g. l akes Akme na, Galve, Kriaunelis, Dusia, Baltas Kauknoris, 

Toturishkes) . 

The form ation of dystrophic limnic ecosystems is closely related 

with the imract of bog water poor in assimilable phosphorus and nit­

rogen , and , therefore, they provide unfavourable ecological condi­

tions for the developmen t of autotrophic hydrobionts (Lake Esherinis). 

For the i nvestiga tion of recent rat~s of sedimentation in the 

l akes of diffe rent type the sedimentometers (sediment traps) of ori­

ginal design were use d. They were settled on the bottom of lakes in 

character istic 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 cm high). A small rein-steel rope covered with plastic 

insulation i s tied up to the central upright of support. Floats tied 

up to the end of tha steel rope are usually lowered to the horizon of 

3-5 m balow the water surface (during the anchoring in summer). Sedi-

ment traps were installed and examined every month a t the same 

nfter th~ sadimentometor was taken ashore, water samples for the 

time. 
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ana lyses we re collected with a rubber tube Mt · 

1 • , • a er1a was analyzed 
1n the l aboratory for the content of dry t · 

ma er1al, loss on ignition 
and ash content, as well as Caco3 , organic carbon total nit 
c □ S . ' rogen, 
• 2 5· edimentati on valua 1s expressed as the quantity of dr t 

• 1 • 2 2 Y ma e-
ri a 1n grams per 1 m (g/m ), and chemical comp•a ~1·t1· 0

n 
- of sediments 

is estimated in per cents on dry ma terial. From 1972 ta 
1985 

the 

recent scdirr,entation has been alrec,dy studied in more than 
20 

lakes 
in the Lithuanian S5R. For each lake 
fro:n to 4 yuars . 

the research covers a period 

The t~roat lakes are situated 1·n d"f 1 fe~ent land~capes of the SE Lithua nia. Cutch t f 1 k 
• Gans o a es Akmena, Calve, Ilgis (Trakai District) 

1-'iriaunclis 'Rof"i hki o· t · ) ' 
' ' s s 1s r1ct , Galstas, Shlavantas (Lazdijai Dis-

trict), etc.J . a re located in the zone of marginal morainic uplands. 

Lakas Oa ltas Kauknoris, Duobelis (LazdiJ"ai District) L- (V 
• . , avysas are-=~ D1~ tr1ct), Totorishkes (Trakai District}, Gruodishkis (Ignalina 

u1str1ct) lie on an aqueoglacial plain of the last 
glaciation; lakes 

)ringis and Shakarva i (Ignalina Distri~t) 
~ occupy a part of the land-

scapes of mixed type, whereas Lake Esherinis lies in a large mire 
area. Lakes Baltas Kauknoris Duobeli~ Ilgis n k 

, 
0

, , ra asas, Kriaunelis 
an d Shakorvai are lnc at ed in groove-like 

depressions or in their seg­
me nts; 13kes Gruodishkis and Lavysas are 

related with the areas of 
cryo;;enic subsidences; lakes 1:\kmcna, G 1 

ave, Totorishkes occupy the 
~□sins of complex origin. The target lakes differ in the size of 
Lh~ ir catc hment are +h · h 

- as, , e1r p ysical an .j ~<cog::, .:;i--hL:cJ l conditions, 
c:·:ncrnic v.-1 lue' t~i:.lter surface ur:Jas and mo:-~hometric indices. 

Catchments of lakes Ba ltas Kauknoris, Duobelis, Lavysas, Gruo­

dis hkis are ci lmost entirely covered with forests and long-fallow 

lands . fligh ly wooded are the catchments of lakes Dringis and Shakar­
va i. The cc1tchrnents of the most lakes studied (e g l k Ak 

•• a es mena, 
Ga lva, Ilgis, Pakasas, Totorishkes) are dominated by agricultural 

mainly arable lands. Besides, the town Trakai is situated at 

l akes Ga lve and Totorishkes. The target lakes represent a recent se­
dimentati on pattern of water bodies being fed b 

y ground, river, lake 
and atmospheric water; differences are observed in the degree of wa-

ter exchange and in the extent of changes due to human impact 
t heir catchments (Table 1). 

in 
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0epending 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 hydrodynamical regime and the development 

of sedimentation pr oces~es. Drainage lakes in the National Park of 

the Lithuanian SSR are supplied by the river run-off with suspended 

material with its □mount ranging from 0.6 to 26.2 t/year/km2 from 

different catchments. Tha supply with dissolved inorganic material 

from th o catchments by lake tributaries is fluctuating from 22.2 to 

140.9 t/year/km
2

, that for inorganic phosphorus, inorganic nitrogen 

and organic carbon is 0.002-0.b53, D.02-0.67 and □ .06-5.D t/year/km2 , 

co:r:.espondingly ( Da CM.ll.HYCKeHe vr ,J,p., 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 

ions promoting under favourable condit~ons the processes of chemical 

sodim~ntation, i.e. deposition and accumulation of calcium carbonate 

(lakes Bal t3s Kauknoris, Cruodishkis) (TaMOW8tlTJIC
1 

MAJ)TMH!leHeHe 

1976; TaMOW8MTl1C H .zi;p. 1 1981; '.I'aMowat!TJIC JI ;.p, 
1 

1984). 

A number of lakes is characterized by increased photosynthetic 

activities of organic matter producents, i.e. phytoplankton and moc­

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 

2.5 g/m
2

, for lakes Shokarvai and Dringis subjected to remarkable 

human impact these values were 0.3-5.7 and 0.6-15.3 g/m 2, correspond­

ingly. The ac~umulation of organic matler shows a good correlation 

with tl,e growth of phytoplank:on (TaMowat!TJ!C- JI ;.p. 
1 

1983) . 

Jn the annu3l course of sedimentation one ca n distinguish bet­

'"een two sharply differing periods: ice-free period with increased 

sedimentation and ice-covered period of low sedimentation (Lawacz, 

1%9; Pocc□JIJIMO, 1949; TaMomat'Tritc, MapTMHKeHeHe 
1
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 minirnum, spring maxi-
mum, summer minimum and autumn maximum. The cyclic character of the 
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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

sition of bottom deposits in deep drainage lakes (e.g. in lakes 

Shakarvai and Kriaunelis 43.2 and 61.5%, correspondingly) (MapTWH­

Y.BHe!'e ,. TaMOW8:rTPrC 1 1977; TaMOW911TPIC I MapTPIHK8H8HP,, 1976; 1979). 

Sedimentation rates decrease during the summer cycle of sedi­

mentation in the majority of lakes in the Lithuanian SSR, as compa­

red to the spring cycle. Summer minimum of sedi~entation 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 sedi~ents, especially for the lakes with summer maximum 

of sedimentation, serves autochtonous material - the planktonic or­

ganisms. The processes of cnemogenous sedimentation are of conse­

quence as · well. The quantity of material deposited during a cycle 

varies fro m 71.7 (Lake 8. Kauknoris) to 216.5 g/m 2 (Lake Kriaunelis), 

tl1is m□ :< es up from 15 to 30% of the annual amour:,t ( TaMowal!THC 1 ~lnp-

TM!'Y.eReHe, 1976, 1979). On the contrary, for the shallow open 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. Deposits settled 

there are characterized by the highest . amount of organic material 

( 70. 3-77. 3%) ( 1'aM□ l!latl'l'J.fC If ~p. , 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 (MapTHHKBHBHB, Ta-

M□Wav.TlfC, 1977; Ta1o1owaiiTHC I MapTlfHKBHBHe, 1976). Depernling 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 beginning of December. During the autumn cycle, sedimen-
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tation rate fluctuates from 76 (Lake Gruodishkis) to 668 g/m2 (La ke 

Kriaunelis). The greatest amount of s edimentary ma te ria l i s cha r ac ­

teristic of drainage lake s fed by river water and those with t hei r 

catchments intensively aff~cted by human activities ( Ta:w u:a :;TlilC v, 

~p., 1981). Sediments in the lakes of va rious t ypes differ in che­

mical composition; shallow open and l ow- rlral nage lakes ore rich in 

organic matter, whereas in deep lako c , e i t her high-dra i nage one s ,thc 

content of inorganic material has increased (29.8-64.2%). 

Total annual sedimenta tion rates show gr eat di fferences, being 

109 g/m
2 

in the dystrophic lakes fed by bog water (Lake Esherin i s) 
2 I 

200-300 g/m in the lakes having forested slopes and being f ed by 

groundwater (lakes B. Kauknoris, Ilgis), 300-800 g/m2 in t he l akes 

situated in the areas of intensive agricul t ural octivities
1

~nd ~ore 

than BOD g/m
2 

in the lakes fed intensively by the river run-off. 

The studies on chemical composition of bottom depos its have 

shown that in tho lakes fed by groundwater in the wooded lands cape 

the formation of recent bottom cJeµo s i t,s depends mainly an c~;2mi c,J l 

and biological sedimentation. For the lakes wi t h a !ow con t ent nf 

tc□; (50-100 mg/1) the me an annual sedimentat ion of Cacc
3 

mok ea up 

50 g/m
2 

at the maximum depth (Lake Gruodishki!:;), where as tl1 cJ t f or tt1a 

lakes with a high con t ent of HC□ 3 (160-250 mo/1) i □ 80-100 g/m2 

(Lake 8. l'i auknoris), i.e. 20 and 40~f of thG totu l annua l '..!l~ucnt , l: □ r ­

respondingly. I r s o11:1:; months, the share of organic m,ittcr in L~k e 

Gruodishk is reaches 56. 2-96. 1% ( TaMowa ~TPIC 1• .liP ,, 1'J81, 1004). 

For the lakDs fed by groundwater in the areas of dev2 l cpod ag:i­

culture, the formation of recent sedimentc depends ma inl y □ I"' 1a1ich;:mi­

cal and biological sedimentation. For tt,e l akes at t l:rJ to cm Traka i. 

(lakes Akmena, Galva, Totorishkes), the share of inorganic (excep t 

Ca□) and organic matter makes up 37.0-38.8% and 26.7- 42.3%, co r re s ­

pondingly. Bes ides, in Lake Totorishkes, the chemog onous a2di mz n t a­

tion is also very active; the share of Caco
3 

accounts for 35. 5~ 

(MapT~HKBHBHe, TaM□Wa~T~c,1977). 

As for the lakes fed by river water in the agricultural areas , 

recent sediments are mainly formed by mec !1anica l s cdimcnt .1ti on 1,,i th 

inorganic matter accounting for G3.8-79.0% (Lake Kri cunc li &). 

Academy of Sciences of the Lithuanian s.s.R. 
Department of Geography 
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MeHTaun a oaepax 11 ao.z:;oxpaH!J!Jrnmax, 22 v. i:;Hl! - 5 MIOJ!l! 
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XO~ ce~ll!MeHT8Ul1l1 8 88B!J!CHMOCT!J! OT P8 3B !J!THfl \P!J!TOIT.IIBH KTCHa 
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IlPOUECChl CE,llHMEH'.L'AW1J,1 v1 CROPOCTb OCA,.!J,l{OHAJ<OTIJIEID1R 

B PA3HOTJill1.HID{ 03EPAX 

IO.C. TmrowaftTJfC 

PaccMaTpHBBJOTC.11 OCHOBHb!e ctaKTOphl, y qaCTBYIO!llHe np1,1 \POPMHpo­

B8HH~ ,Z.OHHhlX OTJIO.l!CeHHM oaep, 0HH no CBOeMy aoa,n;eticTBl[JO Ha ce.n:11:­

MeHTB~HOHHNe npoueccbl P83'A€Jll!JOTCl! Ha BKTHBHue H !lBCCHBHhle. Aa­

Ha Ol.(€HK8 \PH3HKo-reorpa\l>K4eCK!J!X YCJ!OBKM Ha \POPMHPOB8Hl1e ,Z.OHHb~ 

OC8'AKOB pe4HUM CTOKOM, noaepxHOCTHhlM CMh!BOM !J! aoa,n;eacTB!,1€M rpyH­

TOBhlX BO'A. B I'O'AOBOM XO'Ae Ce)<l1MeHTa~HH Bbl,ll;€Jl€Hhl ABB pe3KO OT.ll!J!­

qa10ll1H€Cl! nepKo,n;a: CB060,1:1Hhlv. OTO .llb,Z1;8 - IIOBhlllleHHO~ C€'AKM€HT34ll!J! 

H !lO'A.11€,ll;HhiV. - C H!,13KOf ce.z:;HMeHTaUHea H 4 l.11,ll(Jia: 81[MHHM Ml1Hl[MYM, 

aeceHH!!Fli M8KC1t!MYM, .11€TH!,1Jil MKHHMyM H oceHHHM M8KC!,1MYM,KalR:,!lb!M UMK.11 
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xapaKTepK3yeTCH HeOAKH8KOBWI KOAKqecTBOM OCB,llOqHoro MaTepKaAa K 

pa3AKqHID,I XKMKqecKKM COCTSBOM ~opMKPYDil~XCH AOHHhlX OC8'AKOB,ITpe'A­

CT8BAeHH o6~erOAOBHe TeMilH ce'AKMeHTSUKK B paaHOTKllHIDC o sepax B 

aaBKCKMOCTK OT BOB'AeiCTBKH BO'AOC6opa /aHTponoreHHOro npeo6paso­

B8HKH A8H,!Ull8.~TOB K xapaKTepa IlKTSHKH/ K MOpqlOMeTpKH oaep. 

AKa'AeMKH HayK .IIKTOBCKO¾ CCP, 

OT'AeA reorpa~KK 
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PALAE0LIMNUL0GICAL CHANGES IN THE BYtLURUSS IAN TtRRIT0RY 

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 

palaaolimnological 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 sequences 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 also teveal considerable differences in the evolution of 

lakes in the northern and southern parts of the republic. 

Within the boundaries of Byelorussian lake dis t rict 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 ( HKymKo, 1981). Each stage of the ice retreat resulted in 

t he formation of a specific glacial geomorphological complex com­

posed of marginal uplands, till and outwash plains and lake basins. 

The relief of till µlains and elevations (Svents j an, Braslav, Usha­

chko-Lepelsk) is dismembered by numerous closed depressions, occu-
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pied by lakes and bogs, often with adjoining kame fields and esker 

ridges. 
• The formation of periglacial basins, connected with the stages 

of Valdaian glacier retreat was caused by damming up of melt water 

and moral·ne in the south or by the glacier margin by a more ancient 
in the north. The retreat of the glacier in the Sventsjan stage was 

t h V· 1 • k Verkhne-Berezinsk, followed by the formation of Naro can□- 1 e1s , 
shallower periglacial lakes, with their 

At the highest lake level moraine 
Lutchesk and several other 

water level reaching 200 m a.s.l. 
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uplands looked like large islands, with their shores being subjected 

to intensive abrasion. Within the boundaries of dyelorussia 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 

fo~mation 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.a. 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 reache~ 155-160 m a.s.l. 

at these heights where the abrasions! coasts preserved . 

northernmost stages of the glacial retreat (beyond the 

It was just 

During the 

boundaries of 

Byelorussia) the absolute heights of periglacial lakes continued to 

decrease, as if following the glacier up to the Oaltic 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 

~rief 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 ths 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 Dniepr· 

and the Dvina rivers f~om Lake Surazh; the water flew along the an-
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cient Ulla and Ueveika 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 position 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 up.lands. 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 clay8y 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 ( Older Dryas, 

Aller□d) 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. Sub gl acial 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 exaratibn 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 (HKYWK0~971). 

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 askers and kames. 

Monolithic ice segments, subjected to melting turned into the lake 

pools. ~uch basins are characterized by complicated shoreline 

variable shape (e.g. lakes Nespish, Otolovo, Krivoe, Nedrovo). 

and 

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. On the one hand they were formed comparatively long ago, in 

the epoch of the glacier's activity, while, on the other hand, thay 

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

cupy deep hollows even in watersheds. The above peculiarity allows 

to suppose that in the epoch of the glacier melting and maximum 

inundation of the territory the basins of modern lakes were filled 

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
serv~tion of lake basins. 

Thus, on the territory of Byel□russia 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" period of 

the late-glacial. 

The warm stage of the Allerod affected the course of pelaeo­

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 processes 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 miner~l 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 Allerod in dam­

med lakes and to Preboreal in glaciogenic gorges (L. Krivoe 102so! 

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). 

Considerable input of terrigenous and chemical material as well 

as weak competition between thermophilous species of flora and fauna 

favoured the development of life in young shallow oligotrophic lakes. 

It accounts for the outbreak of diatomaceous flora at the end of the 

late-glacial (Allerod). 180 and 216 taxa of diatoms were found in 

the deposits of that age in L. Narotch and L. Glubelke, correspond­

ingly ( HKymKo, 1975). 
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Brief but considerable cooling in the Younger Dryas was reflec­

ted in stratigraphical sequences by accumulation of a thin layer of 
sandy deposits. 

Further amelioration of the climate at the beginning of the Ho­

locene gave rise to specific processes which became evident in the 

Boreal. In the northern part of Byelorussia the glaciokarstic proces­

ses and final formation of lake basins took place. As a result of 

this process and remarkable aridity of the climate the lake level 

sank, it was accompanied by simultaneous deepening of lake basins 

(Fig. 4). The cusp of a high erosion terrace (more than 10 m in 

height) was finally formed on lake slopes in the Boreal. 

AL 80 AlT SB 

Fig. 4. The scheme of fluctuation of lake levels in Gyelorussia. 

The typical features of young basins of oligotrophic type ap­

peared in the sequences of lake deposits in Preboreal-Goreal 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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tributed to the ac~umulation of carbonates in the water, especially 

in the lakes with inconsiderable outflow. A sharp reduction of input 

of siliceous material was probably caused by the latter process. 

The lakes formed were rather deep and warm characterized by 

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 

(CaCO 50-80%) found in most of the profiles should be referred to 
3 the Boreal stage. In the Boreal the accumulation of carbonates was 

most intensive in the western part of Oyelorussian lake district, 

where it has in 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 CaC□ 3 • These peculiari­

ties reflect considerable maintenance of carbonates in tills in the 

west of Byelorussia (20-30%). It should be pointed out that carbonate 

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 

carb,Jnate content in tills ( rapyHKWT!ltC 1 1970; Wieckowski, 1966). 
Boreal time is characterized by poor diatom flora in accordance 

with the composition of sediments and inconsiderable transportation 

of siliceous matter, 
The Atlantic period is associated with the climatic optimum and 

higher humidity. In northern Byelorussia the outflow from lakes in­

creased, and, as a result the potential output of salts concentrated 

in lake water increased as well. Mild climate, favourable for the 

development of water organisms, accelerated the process of natural 

eutrophication and changed the ratio of the main compounds of bot­

tom sediments towards the increase of organic matter. In sequences 

of the majority of lakes under consideration the transition to the 

Atlantic period was marked by the appearance of siliceous sediments 

with high amount of organic matter. Due to intensive input of clas­

togenic material the number of diatom taxa increased in comparison 

with the Boreal flora. 
In Subboreal time the climate turned gradually more arid,former 
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temperature regime preserved. c11·mat1· c eh n d th a gee cause e 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. Only 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 from 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 bas!n underwater accumulative 

terrace was formed. Siliceous-rich sapropel with organic matter more 

than 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. Simultaneously 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 sequences of 

lakes in Polesje the Valdaian sediments were not found. All these­

quences 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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peat layer with its thickness fluctuating from 5-10 cm to 0.8 m 

(L. Moshno) overlies this sand. The mere lake sediments on the peat 

are represented by ash-rich calcareous sapropels. Upwards lies fine 

and coarse detritus sapropels, containing more than 30% of C • The org 
sediments of this type are the thickest ones and complete the profi-

les of bottom sediments in Polesje. 
The radiocarbon age of subsapropelic peat is 10,060! 120 (in 

L. Moshno) and 10,190! 140 years (in L. Chervony), and hence, it was 

formed in Preboreal time. Thus, the uppermost calcareous sapropels 

was formed in the Boreal and, may be, at the beginning of the At-

lantic period. 
The present lakes of Polesje are represented by some genetic 

groups. Lakes - floods, the formation of which is connected with the 

humidity of climate and rise of ground water level at the very end 

of the Boreal andin Atlantic period.It isn't excluded either that at 

that time the flooding was likely to have been promoted by glacioiso­

static submergence of the Earth's crust. As a resul;,a large area of • 

Polesje was subjected to paludification and formation of peat.In the 

hollows large shallow lakes were formed due to the accumulation of 

ground water and precipitation. These lakes were called floods, on 

their bottom typical lake deposits started to accumulate above the 

peat layers (L. Tchervonoe, L. 0ltushskoje, L. Orekhovskoje) ( HKyw-

KO 1 1975). 
Geological structure of Polesje Lowland bedding of l i mestone 

furnished favourable conditions for the development of karst proces­

ses, which became more active during paludification and flooding pe­

riods. As a result of ground water level rise small but deep lakes 

were formed in karst hollows. They had a kettle-like basin and re­

latively high mineralization of water (lakes Vulka, Lukovo, Somino, 

Chernoe). 
The central part of Byelorussia is poor in lakes. There ere 

shallow, rather small lake basins of suffosic-karstic (L. Svitjaz) 

and residual thermokarstic origin. The latter are characterized by 

a considerable thickness of deposits. A typical sequence of Lake Su­

doble (Fig. 3) testifies to the Holocene age of the lake, and also 

to high intensity of the sedimentation of organogenous sapropels du-
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ring the warm and humid climatic conditions(in the central part of 
Byalorussia) of the Holocene. 

The basic conclusions drawn from the above are presented in the 
Tabla (pp. 197 - 198 ). 

Byelorussian State University 
named after V.I. Lenin 
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passse aTanH nos~eJleAffHKOBbH H roAoneHa. Ha OCHOB8HHH KOMn­

.4eKceoro 8HMK88 osepsia OTJlO~eHHH ycTBHOBJleHN xapBKTep ce'AH­

weHTanHH u eoapaCT OC8,AKOB HB ~oHe o61lij4X npHPO'AHNX aaKOHOMep­

HOCTeA TeppnopHK. OCHOBHHe BHBO.zu,I B C:SSTOH ~opMe npe'ACTBBJle-

BH s TB6Jl•ne. 
BeJlopyccKHH rocyHHBepCHTeT 

Hll• 8.11. JleHHHB 1 

Ka~e'ApB reorpa~HH 
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THE EVOLUTION OF MODERN LAKES IN SMOLENSK REGION 

A. Kremen, E. Malyasova, V. Shkalikov 

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, Kasplya, 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 geochemic.al evidence and pollen and 

spore diagrams for a number of mires
1

such 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 th.e evolution of mo­

dern lakes in Smolensk region, varying in topographic inf.ancy. 

At present in the area of Pooz.erya there exist nearly 90 ,Jlacial 

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 r .egion where lakes occupy 

n. n ,- IJ .04% of the area, the lakes of Poozery.e 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 geomorphological 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 

neighbouring areas,where glacial lakes have often served as a 

other 

"hot-

bed" of the peat land formation. (KoH□ :i Ko, 1970; Ta~!oa.ra1iTllC, 1970; 

[hrppye- et al., 1975; JlecHeHKO, Yicat1eHKOB, 1983). 

Relict lakes prevail in the Moscow glaciation region. At the 

same time 17 types of mires (out of 22) were formed in 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. 

On the whole,the lake deposits of the Moscow glaciation region 

are more mineralized. Calcareous sapropels,intensively deposited du­

ring the Atlantic period ( MMHKr,rna, 1956; Ca.JI□ B, 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 
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shows t he common trend of sediments genesi's d ·t an 1 s synchronity 
( RKyWKO, 1971; BapTow, 1963; f'apyHKIIITIIC', 1970; Jlb!□ KeHe, 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 Bolling interstadial ( f'pll'IYK, 1961), 

and Aller1id ( l{peMBHh, l1la.1I.Rcoea, 1968). These deposits are a characte­

ristic feature of primary oligotrophic basins. At the early stages of 

evolution ( Bolling, Aller1id) clayey gyttja, sandy and argillo-silty 

deposits accumulated in the lakes. Aller1id deposits (Lake Mut-

nays) are represented by black silicic gyttja interstratified 
slightly decomposed peat. 

by 

At the beginning of the Holocene (Preboreal and Boreal times), 

with the gradual rise in temperature and prevalence of oligotrophic 

and mesotrophic regimes, silicic silt enriched by calcareous mate­

rial and lakemarl with Ca □ making up 42% ( l{peMeHh, 1970) was depo-
sited in the lakes. 

The warm and humid climate of the Atlantic period promoted the 

deposition of the silicic gyttja with~ 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% Fe2□3 • During that period the thickest layer of 

deposits accumulated (f'p1160BCK8.R et al., 1971). 

During the Subboreal period with its relatively dry climate 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 Ca□, Mg□, 

Al2□3 and especially that of Fe2□3 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 Si □2 , Fe2□3 and Al2□3 contents 

and increase in Ca□ and Mg □ contents. 
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The earliest deposition in the basins of the Moscow glaciation 

region started in the Allerod. 

The intensity of the genesis of lake sediments varied in time. 

By calculations, the absolute age of the limits of climatic periods 

was taken according to Khotinsky (XoTHHCKH*, 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

rage accumulation rate of orgenogenous and organomineral deposits in 

the lakes of Byelorussia and the Baltic Republics ( HKywKo, l\Jiacoa, 

1981; fh1ppyc, 1975;HKoaJieaa , 1981). 

In general, the sedimentation standards for lacustrine silt of 

Poozerye correspond to the Holocene climatic change. Thus, the accu­

mulation of organic matter increases from the Preboreal and Boreal 

periods (Lake Mutnoye, 25-30%) to the Atlantic period, when it rea­

ches its maximum: 75-97% (Lakes Kasplya, Zalubishche, mire Chistic. 

By the end of the Middle and in the Late Holocene the sedimentation 

rate has somewhat reduced making up 40-74% (Lakes Mutnoye, Kasplya, 

Zalubishche). In the mire Chistic the prevalence of organic sedimen­

tation is obvious (92-97.5%) and mineral deposition insignificant du­

ring the Holocene. The most intensive sedimentation (1.2 mm annually) 

in Lake Mutnoye is connected with the lakemarl accumulation during 

the Preboreal (Table 1). 

The process of sedimentation in the lakes, many of which turned 

into swamps comparatively quickly, is also worth of studying. The de­

posits of the mire Chistic in the marginal zone of the Valdai glacier 

were analysed for these purposes. The mire covers an area of 784 ha, 

the average depth of the peat deposit is 4.1 m. The sequence in the 

south-east of the peat deposit reveals: 4.15-4.20 m - sands, 3.95-4 m 

sapropel, higher - peat. 

The pollen and spore diagram for this sequence is typical of the 

region. The base of the sequence is formed by sands, sandy sapropels, 

dated as Allerod. The sapropel shows that the lacustrine regime ex­

isted at the beginning of Younger Drv.as. In the second half of the 

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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Table 1 

SEDIMENTATION RATES IN THE LAKES AND MIRES OF SMDLENSK REGION 

Region Lakes, 

mires 

2 

Peri­

ods 

3 

SA 
58 

Lake AT 

Mutnoye 

(centre) BO 

PB 

DR3 

AL 

SA 

58 

Lake 

Kasplya AT 

(centre) 

BO 

SA 

Lake SB 

Zalubi-

shche AT 

(c,mtre) 

Absolute 
age (in 
years) 

4 

2500 

5000 

8000 

9600 

10300 

11000 

2500 

5000 

8000 

9600 

2500 

5000 

8000 

Duration 
(in 
years) 

5 

2500 

2500 

3000 

1600 

700 

1000 

2500 

2500 

3000 

1600 

2500 

2500 

3000 

Thickness 
of depo­
sitS, cm 

6 

150 

165 

330 

30 

80 

10 

20 

40 

210 

140 

70 

85 

180 

Sedimenta­
tion rate 

7 

□ .06 

□ .066 

0.11 

□ .018 

0.12 

0.02 

0.016 

□ .084 

0.046 

0.043 

□ .017 

□ .06 



2 

Mire 

Chistic 

(South-

3 

SA 

SB 

west AT 

peri-

phery) 80 

PB 

DR3 

•AL 

SA 

Mire SB 

Gubin-
skoye AT 

(centre) 
80 

PB 

Mire SA 

Barsuchky SB 

(centre) 

AT 

SA 

Mire SO 

Vyakov-

skoye AT 

(centre) 

80 

PB 

DR 3 

AL 
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4 

5000 

8000 

19600 

10300 

11000 

2500 
5000 

8000 

2600 

2500 

5000 

8000 

2500 

5000 

8000 

9600 

10300 

11000 

5 

2500 

2500 

3000 

1600 

700 

1000 

2500 

2500 

3000 

1600 

700 

2500 

2500 

3000 

2500 

2500 

3000 

1600 

700 

1000 

6 

105 

75 

155 

20 

30 

20 

15 

50 

100 

100 

100 

2.75 

75 

225 

100 

25 

7 

0.042 

0.033 

0.051 

0.0125 

0.71 

0.01 

0.02 

0.02 

0.02 

0.05 

0.04 

0.05 

0.05 

· 0.03 

0.04 

0.051 

0.019 
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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 bog passed over into the upper 

stage with the oligotrophic regime. 

In the Subboreal period the accumulation of peat (Sphagnum magel­

lanicum) characterized by a low ash content (1.4-1.6%) and a low de­

composition degree 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 development. In the middle of the 

Subatlantic period the human impact appeared. At present its effect 

has drastically grown. 

The analyzed deposits and pollen ~nd 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 bottomsat 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 
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and Melioration, Smolensk Branch 
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fpKtiOBCKBH 11.<t>., l{peMeHb A.C., MB.IIHCOBB E.C. reoxli!MJ!H ['QJIOUe­

HOBWC OT./IOJ1CeH111ti 03. MyTHOro.· - r eoXJ!MKH, I97I, 8,J92-IC0 3 . 

fp~yK B .TI. 11cKonaeMh!e qJ.l!Ophl KBK naJieOHTO./IOf'l!GeCKBH OCHOBB 

CTpaTKrpa~l!H GeTBepTl!GHhlX OTJ!Qll(eHl!ti. - B KH.: PeJibe~ Iii 

CTPBTHrpaqJHH qeTsepTKGHWC OTJIOJICeHKti cesepo-aana4a Pycc­

KOti paBHHHN. M., AH CCCP, I9GI 1 52 -63. 

HoHOtiKO M.A. 06 yc.110BHHX o6paaosaHHH oaep Iii 60.IIOT EeJiopyc­

Clilll. 11CTOpli!H oaep. - TpyrsN BcecOD3HOro Cl!MIT0311YMB, 2/ 

81!.llbHJOC, 1 9 70, 355-366 . 

HpeMeHb A.C. 0 BpeMeHII! OTJIOJICeHHti K8p60HBTB K8.l!bUHH B HeKo­

Topwc oaepax CMoJieHCKOti 06.11a CTJ!. 11CTOPl!H oaep. - Tpy,i.hl 

ucecoD8HOf'O Cl!Mil0811YMB, I I/ 0 1!.llbHIOC, Ii:170 I 342 - 354 • 

HpeMeHb A.C., Ma.11Hcosa ;, .c. I{ sonpocy 06 yc.11os11S1x o6paaosa­

Hlil.fl Iii CTPBTlilrpaqi1114ecKoro CTpoeHHH 40HHhlX OTJIOJICeHl!ti HeKo­

TOpwc oaep Kpaesoti 30Hhl MBTepaKOBOf'O o.11e4eHeHHH CMOJieH­

CKOf'O TiooaepbH. - Tea11Chl 40KJI8)<0B BceCOD3HOro MeJ1Cse40M­

CTBeHHOf'O cosemaHlilH no H3y4eHHD KpaeBhlX obpa30B8Hlil;; Ma-

c I 0 "8 !77-T82, TepHKOBOf'O QJie4etteHHH, MO./leHCK, , ,u I • • 

JiectteHKO d ,!L, 11caGeHKOB i3 .A, Oco6eHHOCTlil o6p830B8Hl!H Kapoo­

HBTHhlX oaeptth!X OT./IOllCett111ti B .11e4Hl!KOBOM KOMIIJieKce. - 11c­

TOpl'lff oaep a CCCP. II 1 Te:rnchl ,i.0K.1Ia4oa YI d ceco!latto­

ro cosemaHHH, Ta.11JI111tt, I 983 1 ! OG - I0 7, 

JlhloKeHe 3. A. Tioa,u;tte.11e4H11KoB1,1e Ill ro.11ouettoah!e oaepH11e oTJio.Ie­

Hlil.fl 3CTOHCKOti CCP, li!X semeCTBeHHhltl COCTBB Iii l/l3MeHeHl!.fl 

BO BpeMeHl/l, - 11CTOplllH oaep 8 CCCP. Teal/lChl ,li;OK.11840B Yl 

3 cecoBJ3Horo coaemattlil.R, TaJ1J11,rn, I 'J831 ! 25 -I2 G. 

MlilHKl/lHB n.11. 0 speMeHH Iii yc.110 81/lHX OT./IOJICeHl!H KapoottaTa KB./lb­

UlllH a TOpqJHHhlX aa.11eJ1Cax. -C 6 . CTBTeti no v.ay qeHl/llO TOpcj,HHblX 

MecTopoll,ll,eHttv.. M., I 956, I 48- I 70 , 

TI111ppyc P., K.11bBec 3., PayKac A., Caapce JI . 0 reo.11orllllll oaep 

f'./IHUl!BJlbHOf'O reHe3HC8 B 8CTOHl!lll. - Ll KH.: 11C TOplllH oaep 
I , • 

a f'OJIOUeHe, JI., Hsy Ka, I 9 75, 82 - 8 7 , 

CaJIOB 11.H. Tioc.11e.11e4HlllKOBh!e 1!3BeCTKOBble OTJIOll(eHl!H CMOJieHCKOV. 

06.11aCTl/l, - UaTepH8.l!hl no 111ayqe nli!D npeCHOBO,li;HhlX lil3DeCTKO­
r ,, I I''" Bh!X OTJIQll(eHHti, ,m,m--' 2, P111ra, 10u3 , .C, - ',; , 
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TBMOlliB Y. Tl!C E . C. Pa3B1/lTl!e oaep 

KH.: .vicTop11,.R oaep . 'l 'py41,1 

tll!JibHJOC, 19701 451-4 63 . 

B 38Bl!Cli!MOCTH OT l!X KOTJIOBlllH. - B 

DcecoD3HOf'O Cl!Mil0811lYMB, II, 

XoTHHCKHv. H.A. ro.11ouett Cesepttoti Eapaa111111, M., HayKa, I977, 200c, 

HKOBJieaa Jl . B ., XoMyTOBB B.>1., Cepreesa Jl.:B., ,Upa6KOB8 B.r. Tioc-

.11e.11eAHl!KOBOe OCBAKOH8KOITJ1eH111e B oaepax JlaTBl!lil Iii ere lil3Me­

HeHHe no4 B.IIHHHl/leM BHTPOITOI'eHHOro q)BKTopa. - B KH,: TiaJieo­

Jil/lMHOJIOf'l!4eCKJll•ti no;.xo4 K 111ay qeHlllD BHTponoreHHoro aoa4etl­

cTBHH HB oaepa. )1., LltlI 
1 

36-51 . 

HKyrnKo O. ~ . BeJiopyccKoe Ilooaepbe, MlilttcK, I97 I
1

18- 88. 

HKyrnKo O. ~ ., d.l!acos c.n. AHTponorettHoe ttapyrneHH.fl a CTpaT111rpaqi111111 

K ~.l!Opl!CTl/l4ecKOM COCTase 'AOHHhlX OT./10~€HHH B oaepax Be.110-

PYCCllllll. - B KH.: TiaJ1eo.11HMHO.l!Of'H4eCKKV. no4xo4 K 113yqeHl/l!O 

8HTponoreHHO['Q B03,!i;etlcTBHH Ha osepa. JI., lJBI,21-26 . 

Y.UK 55I.8+55I.48I,I/474,3/ 

3BOJIDW1H COBPE!v:EHEliX 03EP CMOJIEHCl{O.;t OBJ!ACTH 

A.C. HpeMeHo, E .C. MaJIHoosa, B.A. illKB.111/lKOB 

.t'ea10Me 

JlBDTC.fl peayJibTBThl HCC.1!€AOB8HKH pa,apeaoa AOHHhlX OT.l!Ql[eHl/lH 

PHAB oaep M 60.l!OT /B08HlllKllili!X Ha MeCTe cytuecTBOBBBWHX oaepHl,lX 

DOAOeMos/ CM0.1!€HCKOH 06.IIBCTI! /aoHa MOCKOBCKOro Ill DBJI.J;BHCKOf'O 

o.1IeAettett111ti/. Or:ae1uaeTCH V.CTOplll.fl pa3Bli!Tl!H oaep a roJiouette. Y4e­

~S1eTCH BHHM8Hl!e 1!8MetteH111.flM B xapaKTepe oca4KOHBKOIT./leH111H ITOA 

B~lilHHl/leM BHTporroreHHOro qJBKTOpa. 

CMo~eHCKHY. ne4HHCTIIITYT, 

JieHHHrpa;.cKll!H YHHBepcHTeT, 

CMo~eHCKlllM BHKKfHii 



YJU{ 551.8:556.55 

II TOM H3 TpexTOMHoro c6opHHI<a co~epnT MaTepHa~H no 
oaepaM CeBepo-3arra~a CoBeTcKoro Consa. KoTopHe 6wm rro.ny­
~eH!l rro npoeKTY ~ I58 MelK,lzyHapoMoi nporpaMMH reo~orH'!ec­
Ko~ Koppe.JIID.ura. PaccMB.TpmiamcH MeTo~ecIG!e npo6~eMh! Hay­
~eHHR oaep.mn: OT~oxeHHI, aBomor.uno oaepHoro eca,m<OHB.Konne­
HHH, KO~e6aID!e ypoBHH BO~ H BOIIl)OCH naJieOJmMHO~Ormi H 
rra~eoaKo~orlffl. 
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