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Abstract. The North Lithuanian region since long ago has been known as a zone of dominant glacial erosion. The 
Pleistocene bed in the central part of North Lithuania is overlying the Upper Devonian dolomite, marl, limestone, 
clay, and gypsum layers. The varying resistance of these deposits to mechanical and chemical impacts as well as dif-
ferent bedding and tectonic conditions were responsible for different scale of erosion in various areas of the region. 
Geological and geomorphological investigations through digging of test pits and investigation of outcrops, field ob-
servation and interpretation of aerial photographs were the basis for the geological-geomorphological reconstructions. 
Macroscopic description, graphic fixation and photography of the quarry walls were used to examine the Pleistocene 
succession of the study area. Two types of clayey glaciolacustrine sediments were investigated according to data of 2 
boreholes. One type was formed in supraglacial subenvironment, i.e. in glaciolacustrine kame terrace on the marginal 
ridge of North Lithuanian phase. Another type was in proglacial subenvironment, i.e. on the territory of ice-dammed 
proglacial lake bottom. Regularities of the distribution, bedding conditions and structure have been revealed for both 
types as well as their grain-size distribution and geochemical differences according to Al, Ag, B, Ba, Co, Cr, Cu, Ga, 
La, Li, Mn, Mo, Nb, Ni, P, Pb, Rb, Sc, Sn, Sr, Ti, V, Y, Yb, Zn and Zr. 
 
Keywords: clay, kame terrace, glaciolacustrine plain, grain-size, chemical element contents. 
 
 
 

1. Introduction 
 
Clay is well known as a good natural isolating cover, i.e. 

it is almost impermeable. However, its permeability depends 
on grain-size. The differences in the latter properties might be 
predetermined by the origin of clay. Till as natural isolating 
cover and its sedimentation in glacial environment has been 
already investigated (Baltrunas et al. 2005a; Česnulevičius et 
al. 2005). Clay is even more impermeable. Most of clay de-
posits are related to glaciolacustrine facies. Some geochemical 
peculiarities of soil of glaciolacustrine plains were investi-
gated (Zinkut÷ et al. 2010).  

Glaciolacustrine facies are one of the seven types of fa-
cies distinguished and discussed in detail by Brodzikowski 
and Van Loon (1991). According to these researchers, most 
glacigenic lakes are in proglacial subenvironment (facies II-B-
4), however, they also occur in terminoglacial subenviron-
ment (facies II-A-4), supraglacial subenvironment (facies I-A-
4) and subglacial subenvironment (facies I-C-4). 

Most of glaciolacustrine sediments were formed in 
in proglacial subenvironment, because according to Brod-
zikowski and Van Loon (1991) mainly these deposits 
have a reasonable chance of survival. However, glacio-

lacustrine sediments formed in supraglacial subenviron-
ment can also be found. It is accepted by many research-
ers that kames and kame terraces contain supraglacial 
sediments (Klatkowa 1972; Schwan and Van Loon 1979; 
Schwan et al. 1980; Shaw 1972).  

The term kame terrace usually describes forms of relief 
that have been developed between the glacier and a 
neighbouring valley slope. It was originally used by Salis-
bury (Salisbury 1894). Most kame terraces were aggraded 
by glaciofluvial activity, but glaciolacustrine forms also 
occur. Kame terraces mostly form at the edge of valley gla-
ciers, but sometimes also at the margins of large ice masses.  

Sediments of proglacial and supraglacial sediments 
subenvironments are also spread in North Lithuania. This 
region since long ago has been known as a zone of domi-
nant glacial erosion where Quaternary sediment bed is thin 
and has a specific structure. The Pleistocene bed in the 
central part of North Lithuania is overlying the Upper De-
vonian dolomite, marl, limestone, clay, and gypsum layers. 
The varying resistance of these deposits to mechanical and 
chemical impacts as well as different bedding and tectonic 
conditions were responsible for different scale of erosion in 
various areas of the region. The thickness of the Quater-
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nary deposits varies from 1.0 to 39.0 m. The thinnest layer 
of the Quaternary deposits is in the river valleys whereas 
the thickest layer is related with the altitude of the present 
relief or with rare palaeovalleys of the sub-Quaternary 
surface. The thickness of the Quaternary deposits is 10–12 
m on the average (Fig.1).  

 

 
Fig 1. Structure of Quaternary stata of North Lithuania: 1 
– till; 2 – gravel and cobble; 3 – sand with gravel and cob-
ble; 4 – various grained sand; 5 – fine sand; 6 – silty sand; 
7 – silt; 8 – clay; 9 – peat; 10 – shear lines; 11 – dolomite 
(D3); 12 – genetic and stratigraphic index of deposits 
(gQ2md – Medininkai till; gQ3nm – Nemunas basal till; 
gtQ3 – Nemunas deformation till; lgktQ3nm – Nemunas 
glaciolacustrine kame terrace; fkQ3nm – Nemunas glaciof-
luvial kame; lgQ3nm – Nemunas glaciolacustrine; dQ4 – 
deluvial); 13 – borehole 
 
The lower (older) till complex somewhere has a tri-

nomial structure (Baltrūnas et al. 2005b). In the lower part 
it is composed of brown clayey solid till with poorly ex-
pressed orientation of the long axes of gravel and pebbles. 
Somewhere in the middle part of the complex (up to 1.5 m 
thick), the brown clayey till merges into grey less clayey 
till with a greater portion of gravel. In the upper part of the 
complex, the grey till merges into comparable brown till. 
According to research data of intertill deposits, this till 
complex is preliminary attributed to the Middle Pleistocene 
Medininkai sub-formation. They are underlying a glacial 
complex of the Baltija Stage of the Nemunas (Weich-
selian) Ice Age. The complex is composed of tills accumu-
lated in two phases by a glacier advancing from the North. 
From older tills they differ by smaller amount of imported 
clastic material and higher content of local material. 

The morphosculptural relief of the area was formed 
by the Mūša-L÷vuo and Žiemgala glacial streams and 
their melting water, so the relief is characterized by flat 
and slightly wavy moraine plain. Part of the relief was 
formed and reworked by postglacial exogenic processes.  

Glaciolacustrine formations (supraglacial and pro-
glacial subenvironment) are not widespread in North 
Lithuania. The glaciolacustrine sedimentation had a spo-
radic and rhythmic character in time.  

As North Lithuanian phase glacier retreated, clayey 
sediments were accumulating in Mūša proglacial basin. 
Clay deposits of this basin are not characterized by 
greater thickness or better quality. Accordingly there are 
only limited possibilities of discovering deposits of clay 
in this area. All largest deposits of clay were discovered 
during the previous prospecting.  

However, glaciolacustrine supraglacial areas were 
discovered in the Linkuva marginal ridge, the thickness 
of the useful bed in the areas is more than in the promis-
ing areas discovered in the Mūša glaciolacustrine basin, 
but the quality of this clay is less stable. 

The aim of research was to find out grain-size and 
geochemical differences between clayey sediments of 
glaciolacustrine kame terrace located on the territory of 
North Lithuanian phase marginal formations and ice-
dammed proglacial lake formed during the same phase. 
These deposits were formed in different sedimentary 
conditions: supraglacial and proglacial subenvironment.  

Two boreholes were selected for detailed investigations 
of clayey sediments accumulated in different subenviron-
ment: No. 3 located on the territory of glaciolacustrine kame 
terrace of Linkuva hill-ridge (lgktQ3nm) and No. 4 located on 
the territory of Mūša ice-dammed glaciolacustrine basin of 
North Lithuanian phase (lgQ3nm) (Fig. 2).  

Test boreholes were made with vibrating drill. The 
number of tested samples was 41 in borehole No. 3 and 34 
in borehole No. 4. Sampling depth in borehole No. 3 was 
from 0.3 to 9.8 m, in borehole No. 4 from 1.5 to 7.7 m. 

 
2. Methods 

 
Geological and geomorphological investigations. 

Digging of test pits and investigation of outcrops, field 
observation and interpretation of aerial photographs 
(scale 1:17000; year 1952) were the basis for the geologi-
cal-geomorphological reconstructions. Macro-scopic 
description, graphic fixation and photography of the 
quarry walls were used to examine the Pleistocene suc-
cession of the study area.  

Grain-size composition investigations. The grain-
size distribution analysis was carried out using the siev-
ing and pipette methods. It was carried out using 13–
sieve set where dry debris was subdivided into the fol-
lowing fractions: >10; 10–5; 5–2; 2.0–1.0; 1.0–0.5; 0.5–
0.25; 0.25–0.1; 0.1–0.05; 0.05–0.01; 0.01–0.005; 0.005–
0.002; 0.002–0.001 and <0.001 mm. Grain-size was ana-
lysed at the laboratory at the Geological Survey of 
Lithuania. Sediments and their grain-size fractions are 
described using classification suggested by Last (2001). 
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Fig 2. Geomorphologic scheme of marginal ridge with glaciolacustrine kame terrace and glaciolacustrine plain of ice-dammed 
lake: 1 – glaciolacustrine kame terrace; 2 – basal till plain; 3 – marginal ridge; 4 – solifluction sheet; 5 – glaciolacustrine plain 
of ice-dammed lake; 6 – plain formed by sediments of different genesis (glaciofluvial, glaciolacustrine, lacustrine, etc.); 7 – 
kame; 8 – glaciofluvial ridges and eskers; 9 – moor plain; 10 – steep slope; 11 – prevailing altitude of relief, in metres; 12 – 
borehole 
 
Geochemical investigations. All samples were ana-

lysed in laboratory of the Institute of Geology and Geog-
raphy. Optical atomic emission spectrophotometry 
(OAES, spectrometer DFS-13) was used for determina-
tion of real total contents of 25 chemical elements Al, Ag, 
B, Ba, Co, Cr, Cu, Ga, La, Li, Mn, Mo, Nb, Ni, P, Pb, Sc, 
Sn, Sr, Ti, V, Yb, Zn and x-ray fluorescence (XRF, x-ray 
spectrometer ARF-6) for determination of real total con-
tent of Rb. Before AOES the samples were air-dried, 
homogenised and milled. Sample preparation for x-ray 
fluorescence was analogous, only pellets were formed 
from milled material.  

Statistical methods. Cluster analysis dendrogram 
was used to find out the geochemical similarity between 
samples of 2 boreholes. To create this dendrogram, 
Ward‘s method of amalgamation and Euclidean distance 
as a measure of similarity of the samples were applied to 
standardised contents of 26 chemical elements, which 
have been determined. Mann-Whitney U-test was used to 
reveal for each variable (chemical element of weight 
percentage in defined fraction) the significant (p<0.01) 
differences between boreholes. Median, mean, minimum 
and maximum values of variables as well as coefficients 
of variation were determined in both boreholes. For each 
chemical element according to all clay samples Spearman 

rank correlation coefficients R were determined between 
the content of this element and each fraction as well as 
respective p-values. Then maximum R value and respec-
tive fraction were found for each element.  
 
3. Results and discussion 
3.1. Regularities of the distribution and grain-size 
composition in two areas 

 
Glaciolacustrine kame terrace. It is 22 km long and 

0.5–1.0 km wide and located on the distal slope of the North 
Lithuanian ice marginal moraine ridge (Bitinas et al. 2004). 
Its surface is slightly inclined southward and reaches up to 
65–70 m in absolute height. The northern edge of the terrace 
is bound by the marginal ridge, which rises more than 80 m 
above sea level. The surface of the kame terrace is 10–15 m 
above the glaciolacustrine plain of ice-dammed lake that is 
located to the south of the terrace. Ravines intersect the slope 
of the kame terrace. The solifluction debris is developed in 
the eastern part of terrace foot. 

In general, the kame terrace consists of glaciolacus-
trine sediments: their fixed maximal thickness is 15.3 m. 
These sediments are presented by brown clay of massif 
structure (or silty clay), in some places with small lenses 
(up to 1–2 cm thick) of fine-grained sand. The rhythmic 
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structure of clayey sediments was determined only in few 
places. Clay particles (fraction <0.005 mm) compose about 
70–75% of sediments, whereas silt particles make up only 
20% (Fig. 3). The rest, sandy fraction, amounts to 10% of 
sediments. The content of gravel and carbonaceous concre-
tions (diameter up to 10 mm) in clay sediments is up to 3–
5%. The massive clay of this lithofacies is the result of 
suspension settling. The homogeneous character indicates 
that clay particles could settle equally all over the lake.  

It must be emphasized here that the thickness of the 
massive clay is unusual when related to the dimensions of 
the lake. Such thick massive clayey sediments are well 
known from glaciomarine deposits, where they are 
formed by prolonged settling of large amounts of fine-
grained suspended sediment (Miall 1983). 

Ice-dammed glaciolacustrine basin. It was formed 
to the south from the North Lithuanian marginal ridge, 
after glaciolacustrine kame terrace was formed. The abso-
lute altitudes of the surface of the glaciolacustrine plain are 
45–55 m. It has been established that the maximal thick-
ness of reddish-brown clays reaches up to 13.9 m there (an 
average thickness is 4.5 m). Glaciolacustrine sediments 
overlay the till of the Middle Lithuanian phasial of the 
Nemunas Glaciation Baltija stadial. The contact of glacio-
lacustrine sediments with the basal till is distinct. Correla-
tion between the thickness of glaciolacustrine sediments 
and till roof is significant negative (–0.82).  

According to the lithological composition and char-
acter of lamination the sediments are represented by dark 
grey-brown massive clay without visible lamination. The 
fractions of 0.005–0.001 mm and <0.001 mm (56–74%) 
predominate in clay (Fig. 4). The glaciolacustrine sedi-
mentation had a sporadic and rhythmic character in time. 
According to varve/year counting, the North Lithuania 
glaciolacustrine basin existed for about 166 years (Kaza-
kauskas and Gaigalas 2005). 

 

3.2. Grain-size distribution and geochemical differ-
ences between clayey sediments in two boreholes  

 
Aiming to compare only clay, 4 samples from borehole 

No. 3 at a depth from 5.5 to 5.9 m were eliminated, because 
the content of clay there is lower than 50 %. The weight 
percentage of sediments in clay fraction (<0.005 mm) is 
significanty (p<0.01) higher in borehole No. 4, meanwhile 
the weight percentages in silt fraction (0.005–0.05 mm) and 
coarse fraction (>0.05 mm), on the contrary, are significantly 
higher in borehole No. 3 indicating great difference between 
the boreholes according to grain-size (Table 1). The results 
show that median percentage of clay fraction in glaciolacus-
trine plain sediments is 1.09 times higher than in kame ter-
race. Fine clay fraction dominates in both boreholes. Middle 
clay fraction is on the second place.  

The content of each of these two fractions is signifi-
cantly (p<0.01) higher in glaciolacustrine plain, respective 
medians are 1.12 and 1.16 times higher in borehole No. 4. 
The difference between the boreholes according to coarse 
clay and fine silt fraction is not significant (p>0.01). For 
most of the coarser fractions (coarse silt fraction 0.05–0.01 
mm, 3 sand fractions from 0.1 mm to 1 mm and one gravel 
fraction 5–2 mm), the opposite regularity is obvious, i.e. 
sediments of kame terrace are significantly (p<0.01) en-
riched in these fractions. The relationship between mean 
values in two boreholes is analogous to relationship be-
tween respective two median values. As concerns the coef-
ficients of variation, in most fractions they are higher in 
borehole No. 4; however, in two finest fractions of clay 
they are higher in kame terrace sediments. To conclude, in 
comparison with kame terrace sediments, glaciolacustrine 
plain sediments are enriched in the finest fractions of clay 
and the content in these two fractions is less variable.  

There are also many significant geochemical differ-
ences between two boreholes with sediments from differ-
ent subenvironments (Table 2).  

 

 

Fig 3. Granular compositions of kame terrace clayey sediments in borehole No. 3  
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Table 1. Weight percentage characteristics in fractions of boreholes on kame terrace and glaciolacustrine plain  

Means in bore-
holes 

Medians in 
boreholes 

Coefficients 
of variation 
in boreholes 

Range in boreholes Fractions 
(mm) 

No. 3 No. 4 No. 3 No. 4 No. 3 No. 4 No. 3 No. 4 

Ratio of medians in 
No.4 to No.3 

<0.005 66.4 73.2 66.5 72.5 6.5 6.6 52.8–73.5 65.3–84.3 1.09 
0.05–0.005 22.9 18.6 22.5 18.6 9.4 19.4 19.2–29.5 10.6–25.0 0.83 
>0.05 10.7 8.1 10.0 6.7 34.1 47.5 4.98–22.8 2.64–18.4 0.66 
<0.001 40.3 46.4 41.0 46.1 8.3 10.4 31.3–45.9 38.2–59.1 1.12 
0.002–0.001 11.5 13.0 11.2 12.9 20.0 15.5 7.15–16.5 8.45–17.6 1.16 
0.05–0.01 12.2 7.9 12.3 8.1 17.5 35.6 7.13–17.6 2.17–12.5 0.66 
0.25–0.1 1.91 1.33 1.76 1.06 34.7 88.5 0.90–3.97 0.23–5.07 0.60 
0.5–0.25 1.08 0.73 1.02 0.63 36.3 75.0 0.49–2.52 0.21–2.39 0.61 
1–0.5 0.88 0.43 0.83 0.40 43.1 50.8 0.36–2.20 0.07–0.83 0.48 
5–2 0.34 0.13 0.23 0.11 97.6 93.1 0–1.44 0–0.43 0.46 

Note. Only the fractions for which Mann-Whitney test revealed significant (p<0.01) differences between the boreholes are pre-
sented. The first three fractions are generalised, other 7 fractions are from 13 investigated. The higher value from two means, 
two medians and two coefficients of variation is in bold 

Table 2. Geochemical characteristics of boreholes on glaciolacustrine kame terrace and glaciolacustrine plain  

Means in bore-
holes 

Medians in 
borehole 

Coefficients of 
variation in 
boreholes 

Range in boreholes Ele- 
ment 

No. 3 No. 4 No. 3 No. 4 No. 3 No. 4 No. 3 No. 4 

Ratio of 
medians 
in No.4 
to No.3 

MaxR 
Fraction 
(mm) of  
MaxR 

P 545 865 450 900 39.8 16.2 250–1000 500–1200 2.000 0.304 <0.001 

Pb 21.1 30.9 21.0 30.5 12.8 11.4 15–27 26–40 1.452 0.418 <0.001 

B 102 140 100 140 13.5 12.2 76–125 100–180 1.400 0.479 <0.001 

Li 37.0 51.8 38.0 52.0 11.2 7.7 25–45 44–60 1.368 0.614 <0.001 

La 24.8 32.2 24.0 32.5 11.0 13.7 19–33 25–48 1.354 0.418 <0.001 

Cr 88.2 116 88.0 115 13.2 7.5 62–110 100–150 1.307 0.499 <0.001 

Yb 2.5 2.9 2.4 2.9 14.1 5.4 2.1–4.0 2.6–3.3 1.208 0.415 <0.001 

Nb 9.0 10.6 9.0 10.5 26.9 6.9 6.0–17.5 9.8–13.0 1.167 0.280 <0.001 

Mn 497 562 490 550 19.0 8.9 350–860 480–680 1.122 0.281 <0.001 

Ba 499 590 520 580 21.7 11.0 20–640 500–780 1.115 0.354 <0.001 

Rb 144 161 145 161 5.0 5.0 130–162 145–179 1.106 0.623 <0.001 

Ti 3828 4123 3800 4200 14.4 9.4 2900–5700 3300–5000 1.105 0.199 0.002–0.001 

Co 13.2 14.8 13.0 14.3 25.0 13.4 8–27 12–19 1.096 0.417 <0.001 

Mo 1.0 1.2 1.1 1.2 19.8 9.0 0.7–1.8 1.0–1.4 1.095 0.316 <0.001 

Sr 111 119 110 120 7.4 5.4 84–123 108–129 1.089 0.486 <0.001 

Ga 22.7 25.5 23.0 25.0 15.9 4.8 14–31 24–28 1.087 0.248 <0.001 

Ni 52.6 55.2 52.0 55.5 13.0 8.5 38–70 47–66 1.067 0.202 0.01–0.005 

Ag 0.056 0.054 0.050 0.053 58.2 10.5 0.030–0.230 0.045–0.070 1.050 0.251 >10 

Sn 4.55 4.62 4.5 4.7 11.2 5.3 3.3–6.0 4.2–5.2 1.044 0.209 0.005–0.002 

V 130 127 130 130 11.9 5.9 92–160 110–150 1.000 0.178 10–5 

Cu 31.9 33.1 33.0 33.0 30.7 9.3 12–60 28–45 1.000 0.265 10–5 

Zn 91.5 92.4 90.0 90.0 24.5 16.4 35–140 70–130 1.000 0.221 0.1–0.05 

Y 24.8 21.9 24.0 22.0 11.0 11.0 19–33 18–28 0.917 0.465 0.05–0.01 

Al 7.5 6.4 7.6 6.4 11.9 8.5 5.8–10.5 5.4–7.6 0.842 0.501 0.5–0.25 

Zr 180 147 176 147 8.3 5.5 158–241 129–158 0.830 0.633 0.05–0.01 

Sc 15.7 11.6 14.0 11.0 18.6 10.8 12–23 10–15 0.786 0.531 0.05–0.01 
Note. The elements for which U-test revealed significant (p<0.001) differences between the boreholes are in bold. The higher value 
from two means, two medians and two coefficients of variation is in bold. MaxR – maximum Spearman correlation coefficient be-
tween element and one of 13 fractions, this fraction is in the last column 



 

 160 

 

Fig 4. Granular compositions of ice-dammed lake glaciolacustrine plain clay in borehole No 4 
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Fig 5. Cluster analysis grouping of kame terrace and ice-dammed lake clayey samples according to their chemical composition 
 
The contents of 16 chemical elements (P, Pb, B, Li, 

La, Cr, Yb, Nb, Mn, Ba, Rb, Ti, Co, Mo, Sr and Ga) are 
significantly (p<0.01) higher in borehole No. 4 compared 
to borehole No. 3.  

Their median values are from 2 to 1.087 times higher 
in glaciolacustrine plain compared to kame terrace. The 
same tendency is characteristic of mean values of these 
chemical elements. For all these elements, except Ti, 
maximum Spearman correlation coefficient, which is sig-
nificant (p<0.05) is with the content of fine clay fraction 
(<0.001 mm). Maximum Spearman correlation coefficient 
of Ti is with medium clay fraction, however, fine clay is 
the next fraction according to magnitude of Spearman 
correlation coefficient. Though both coefficients are not 
significant (p>0.01), some influence of the finest clay frac-
tions on the content of this element is obvious. 

As the content of fine fraction is significantly higher in 
glaciolacustrine plain than in kame terrace, this explains the 

above-mentioned enrichment of clayey sediments from 
proglacial subenvironment in 16 chemical elements.  

As concerns clayey sediments of supraglacial envi-
ronment, they are enriched only in Yb, Al, Zr, Sc. These 
4 chemical elements are mostly correlated with coarser 
fractions: Zr, Sc, Yb with coarse silt (0.05–0.01 mm) and 
Al with medium-grained sand (0.5–0.25 mm).  

For other 6 chemical elements (Ni, Ag, Sn, V, Cu, 
Zn) no significant differences were determined between 
sediments of different subenvironments. Three of them (V, 
Cu, Zn) have even equal median values in both boreholes. 
These chemical elements are also mostly correlated with 
different coarser fractions: Sn with coarse clay (0.005–
0.002 mm), Ni with fine silt (0.01–0.005 mm), Zn with 
very fine sand (0.1–0.05 mm), other elements with gravel 
fractions (V, Cu with fraction 10–5 mm, Ag with fraction 
>10 mm). As there is no significant difference between the 
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boreholes according to all above-mentioned fractions (Ta-
ble 1), the geochemical differences are also insignificant. 

The coefficients of variation of all chemical ele-
ments, except La, Rb and Yb, are higher in borehole 
No. 3. This is in accordance with higher coefficients of 
variation of the finest clay fractions in kame terrace com-
pared to glaciolacustrine plain (Table 1).  

While there are many significant geochemical dif-
ferences between sediments formed in different subenvi-
ronment, the excellent separation of samples from differ-
ent boreholes is quite reasonable (Fig. 5).  

 
5. Conclusions 

 
1. Clay of glaciolacustrine kame terrace is on the distal 

slope of the North Lithuanian marginal ridge. In gen-
eral, the kame terrace consists of glaciolacustrine sedi-
ments: its fixed maximal thickness is 15.3 m. Glacio-
lacustrine sediments are presented by brown clay of 
massif structure, in some places with small lenses (up 
to 1–2 cm thick) of fine-grained sand. The rhythmic 
structure of clayey sediments was determined only in 
few places. Clay particles (fraction <0.005 mm) com-
pose about 70–75 % of sediments, whereas silt particles 
make up only 20 %. The rest, sandy fraction, makes up 
10 % of sediments. The amount of gravel and carbona-
ceous concretions (diameter up to 10 mm) in clay 
sediments is up to 3–5 %. The massive clay of this 
lithofacies is the result of suspension settling. The ho-
mogeneous character indicates that clay particles could 
settle equally all over the lake. The ice-dammed glacio-
lacustrine basin was formed to the south from the North 
Lithuanian marginal ridge, when glaciolacustrine kame 
terrace was formed. The absolute altitudes of the sur-
face of the glaciolacustrine plain vary from 45 to 55 m. 
It has been established that the maximal thickness of 
reddish-brown clay reaches up to 13.9 m. Glaciolacus-
trine sediments overlay the till of the Middle Lithua-
nian Phase (Baltija Stage of the Nemunas Glaciation). 

2. Data on two boreholes from North Lithuanian region 
indicate that glaciolacustrine facies in supraglacial and 
proglacial subenvironment are visually very similar and 
usually have massif structure. However, there are many 
grain-size composition and geochemical differences be-
tween clayey sediments on glaciolacustrine kame ter-
race and on glaciolacustrine ice-dammed plain. The lat-
ter sediments are enriched in fine and medium clay 
fractions, meanwhile the former in the following 
coarser fractions: coarse silt (0.05–0.01 mm), 3 sand 
fractions 0.25–0.1 mm, 0.5–0.25 mm, 1–0.5 mm and 
gravel fraction 5–2 mm.  

3. The contents of  16 chemical elements P, Pb, B, Li, La, 
Cr, Yb, Nb, Mn, Ba, Rb, Ti, Co, Mo, Sr and Ga, which 
are mostly correlated with fine clay fraction, are sig-
nificantly (p<0.01) higher in borehole No. 4 compared 
to borehole No. 3.  

4. Only the contents of Yb, Al, Zr, Sc are significantly 
higher in supraglacial environment, they are mostly 
correlated with coarser fractions: Zr, Sc, Yb with 

coarse silt (0.05–0.01 mm) and Al with medium-
grained sand (0.5–0.25 mm). For other 6 chemical ele-
ments (Ni, Ag, Sn, V, Cu, Zn) no significant differ-
ences were determined between sediments of different 
subenvironments, they are also correlated with coarser 
fractions. 
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