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Mul ti lay ered struc ture of the Dzukija and Dainava tills 
and their cor re la tion in South Lith u a nia

Valentinas BALTR¤NAS, Bronislavas KARMAZA and Violeta PUKELYT#

Baltrñnas V., Karmaza B. and PukelytÅ V. (2008) — Mul ti lay ered struc ture of the Dzñkija and Dainava tills and their cor re la tion in South 
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Lith u a nian Pleis to cene tills have a mul ti lay ered struc ture, as es tab lished us ing bore hole log data and var i ous an a lyt i cal meth ods. Lo cally
it can be ob served vi su ally. The struc ture of the old est Mid dle Pleis to cene Dzñkija (Elster 1) and Dainava (Elster 2) tills was in ves ti gated
in their ar eal stratotype in South Lith u a nia. Logs of three bore holes were cho sen for de tailed anal y sis. Their tri an gu lar dis tri bu tion en -
ables eval u a tion of the vari a tion of till ma te rial in N to S and NW to SE di rec tions. Grain-size anal y sis was per formed for tills from all
three bore holes and the in dex of rel a tive en tropy of grain-size was cal cu lated. The com po si tion of the Dzñkija and Dainava tills suc ces -
sion in di ca tors ad vances re fer able to at least two glaciations and their stages. The Dzñkija tills were formed by gla ciers ad vanc ing from
the north across De vo nian strata. The Dainava till were left by gla ciers ad vanc ing from NW across Lower Palaeozoic and Me so zoic
rocks. The mac ro scop i cally ho mo ge neous up per lay ers of the Dzñkija till and the up per and lower lay ers of the Dainava till have a rhyth -
mic mul ti lay ered struc ture re vealed by log and grain-size data. The sedimentological na ture of this rhythmicity is partly shown by vari a -
tion anal y sis of the rel a tive en tropy of grain-size com po si tion in ver ti cal suc ces sion. The in dex of rel a tive en tropy, re flect ing the de gree
of mix ing, al lowed the des ti na tion of four zones of en tropy (better mix ing) in the ver ti cal suc ces sion. These zones some times cor re late
well be tween widely sep a rated sec tions. Their pres ence may be ex plained by a re peated in put of till ma te rial into the basal part of the gla -
cier dur ing its ac ti va tion (stage, phase).
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INTRODUCTION

Lith u a nian Pleis to cene tills have a mul ti lay ered struc ture,
which can be seen vi su ally (col our, interlayers, patches, etc.)
and is ex pressed in bore hole log pat terns and by mea sur ing the
dip an gle and ori en ta tion of long axes of peb bles as well as by
data ob tained by var i ous an a lyt i cal (grain-size, geo chem i cal,
etc.) meth ods (Gaigalas, 1971, 1979; Baltrñnas, 1995, 2002;
Baltrñnas and Gaigalas, 2004). There has been pro longed dis -
cus sion about the or i gin of the mul ti lay ered struc ture of tills. It
may have been pre de ter mined by var i ous fac tors: (1) re peated
pro cesses of sed i men ta tion (beds of stages, phases, os cil la -
tions); (2) the sed i men tary en vi ron ment of the gla cial de pos its
(supraglacial, en gla cial, subglacial, terminoglacial, etc.); (3)
the move ment of the gla cier along ma jor shear planes with
slick en sides and ma te rial trans por ta tion by blocks; (4)
post-sed i men tary pro cesses (solifluction, rewashing, weath er -
ing, ox i da tion, re duc tion, etc; Kriger, 1978; Lavrushin, 1980;
Dreimanis, 1990; Brodzikowski and Van Loon, 1991; Waller

et al., 2000; Waller, 2001; Lisicki, 2003; Adam and Knight,
2003 and oth ers). The use of var i ous sta tis ti cal in di ces (cor re la -
tion co ef fi cients, rel a tive en tropy, etc.) of an a lyt i cal data is im -
por tant to help con strain the mul ti lay ered struc ture and for in -
ter pre ta tion of sed i men tary con di tions.

This struc tural phe nom e non has been spe cif i cally in ves ti -
gated in tills of the Baltija (Pom er a nian) Stage of the Last Gla -
ci ation in Lith u a nia. Their mul ti lay ered struc ture has been re -
lated to the phases of dy namic ac tiv ity of the gla cier. The num -
ber of phases is mir rored by the rhyth mic vari a tion of the rel a -
tive en tropy of grain-size com po si tion in the ver ti cal suc ces sion 
(Baltrñnas et al., 2005a, b). The pres ent in ves ti ga tion has al -
lowed the formulaton of  a work ing hy poth e sis con cern ing the
mul ti lay ered struc ture of the Lith u a nian old est Dzñkija and
Dainava tills and their links with the gla cial phases. Tills of this
kind are de pos its spo rad i cally. They of ten lie in de pres sions in
the sub-Qua ter nary sur face and at the bot tom of palaeo -
incisions (Vonsavièius, 1967 and oth ers). Their struc ture, li -
thol ogy and stra tig ra phy were first sum ma rised in 1971
(KondratienÅ and Vaitiekñnas, 1971). Re cently, the Dzñkija till 



has been cor re lated with Elster 1 (San 1, Don, iso tope stage
14–16) and the Dainava till with Elster 2 (San 2, Oka, iso tope
stage 12) tills, based on fea tures of their lithological and geo -
chem i cal com po si tion and some times on data from the
Turgeliai inter gla cial de pos its (Ferdynandowski, Voigstedt,
Konachowski; Gaigalas and Satkñnas, 1994; Satkñnas and
KondratienÅ, 1995; Ber, 2000, 2006).

The ar eal stratotype of the Dzñkija and Dainava tills of
South Lith u a nia (Trakai Dis trict, Fig. 1) was cho sen for a de -
tailed study (KondratienÅ, 1993). The tec tonic struc ture of this
re gion and fea tures of the Qua ter nary sys tem have been dis -
cussed in a pre vi ous pub li ca tion (Šliaupa and Bitinas, 1986).
The strati graphic in ter pre ta tion pro posed by the au thors has
been taken as a ba sis for the pres ent study.

The aim of the pres ent work was to eval u ate the mul ti lay -
ered struc ture of the Dzñkija and Dainava tills in this re gion.
The fol low ing tasks were set:

— to es tab lish the strati graphic sub di vi sion and cor re la tion

of the Dzñkija and Dainava tills successions;
— to de ter mine fea tures of the mul ti lay ered struc ture of

these tills suc ces sions on the ba sis of grain-size com po si tion
and on the pat tern of vari a tion of their rel a tive entropy;

— to eval u ate the pos si bil i ties of cor re lat ing in di vid ual lay -
ers within these tills.

METHODS

Logs of three bore holes from the ar eal stratotype of South
Lith u a nia (Trakai Dis trict WSW of Vilnius) were cho sen for
anal y sis (KondratienÅ, 1993). The bore holes de fine a tri an gu lar 
area and thus en able vari a tion in the till ma te rial to be as sessed
from N to S and from NW to SE (Fig. 1). The dis tance be tween

the bore holes is 10–15 km. 54 sam ples were taken from the
cores of all three bore holes for grain-size anal y sis: 23 from the
Dzñkija till and 31 from the Dainava till. Two sam ples with
anom a lous val ues of some frac tions from bore holes 669 and
677 were elim i nated from some cal cu la tions. Clastic ma te rial
coarser than 5 mm was not in cluded into the sam ples be cause of 
their small mass (200 g). The sta tis ti cal pa ram e ters of the dis tri -
bu tion of frac tions and the cor re la tion co ef fi cients were cal cu -
lated us ing Ex cel and Sta tis tics pro grams. For the re gional
char ac ter is tics of the tills, pub lished data were also used (num -
ber of sam ples — 41; Šliaupa and Bitinas, 1986). 23 sam ples of 
the Dzñkija till and 31 sam ples of the Dainava till were taken
for de tailed anal y sis. The sta tis ti cal gen er al iza tion was based
on 22 and 30 sam ples re spec tively. Ac cord ing to the sam ple
size de ter min ing method, the cho sen num ber of sam ples (sam -
ple size) for the in tended ex per i ment was re garded as suf fi cient. 
The min i mal sam ple sizes (N) for the Dzñkija and Dainava tills
were de ter mined, tak ing into ac count the av er age x of rel a tive
en tropy, the vari a tion co ef fi cient v, the sig nif i cance level t
(0.95) and the mea sure ment bias of av er age l ac cord ing to the
for mula N = (tvx/100l)2. The req ui site sam ple size for the cho -
sen mea sure ment bias of rel a tive en tropy av er age (l = 2%) was
12 (of R1) and 15 (of R2) sam ples for the Dzñkija till and 12
(of R1) and 14 (of R2) sam ples for the Dainava till. Due to struc -
tural na ture of the drillcore ana lysed, the sam ple size was en -
larged to the max i mum.

The grain-size frac tions of till ma te rial were ob tained dur -
ing granulometric anal y sis us ing the siev ing and pi pette meth -
ods (mm): 5.0–2.0; 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; 0.005–0.001; <0.001.
The rel a tive en tropy was cal cu lated for all the ten frac tions and
for eight frac tions (com bin ing the fin est par ti cles into one frac -
tion of <0.01 mm). Eval u a tion and in ter pre ta tion is sues re gard -
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Fig. 1. Lo ca tion of the site in ves ti gated



ing this tech nique have been re cently dis cussed in Baltrñnas
and PukelytÅ (2003), Baltrñnas and Gaigalas (2004) and
Baltrñnas et al. (2005a).

The mul ti lay ered struc ture of tills was first de ter mined on
the ba sis of archived bore hole logs. Anal y sis of these logs has
shown that the mul ti lay ered struc ture of thick till suc ces sions is
ev i dent and some times cor re lat able be tween dis tant sec tions.
Based on archived ma te rial, strati graphic in ter pre ta tion of the
petrographic com po si tion of gravel and peb bles was car ried
out and some co ef fi cients (for ex am ple, k — the ra tio of do lo -
mite con tent and the sum of Or do vi cian and Si lu rian lime stone) 
were cal cu lated us ing the method of Gaigalas (1979).

STRATIFICATION AND COMPOSITION 

OF THE DZ¤KIJA AND DAINAVA TILLS

The sub-Qua ter nary re lief of the re gion and its geo log i cal
struc ture have been de scribed (Šliaupa and Bitinas, 1986;
Šliaupa, 2004). The ar eal stratotype of the tills is sit u ated on the 
low est (–10 – –20 m b.s.l.) level of the sub-Qua ter nary sur face.
This level lies be tween the mid dle level of the sub-Qua ter nary
sur face (+20 – +30 m a.s.l.) and sol i tary el e va tions (+50 –
+62 m a.s.l.) in the east and a deep palaeoincision in the west
(–100 – –156 m b.s.l.). Bore hole 663 goes to the bot tom (–47 m 
b.s.l.) of an other steep-side palaeoincision (Fig. 1). In the NE,
the sub-Qua ter nary sur face is com posed of Up per Perm ian
lime stone (bore hole 669) which in the west ern and south ern di -
rec tions dips be neath the Lower Tri as sic mudstones and sand -
stones (bore hole 663) and Lower Cre ta ceous glauconitic sand
(bore hole 677). A fault, trending NE–SW, cuts off the subcrop
of Tri as sic and Perm ian de pos its.

The na ture of the sub-Qua ter nary sur face has in flu enced
the dis tri bu tion and com po si tion of the Dzñkija and Dainava
tills. The broad low est level of the palaeosurface is as so ci ated
with the thick and ex ten sive ac cu mu la tion of till ma te rial. The
Dzñkija till is only lo cally pres ent, in de pres sions of the
sub-Qua ter nary re lief. The Dainava till is wide spread. Ac cord -
ing to pub lished and ar chi val data, the av er age (N = 41)
grain-size com po si tion of the Dainava till in the re gion is as fol -
lows: 5–2 mm — 1.6%; 2–1 mm — 2.6%; 1–0.5 mm — 3.7%;
0.5–0.25 mm — 10.8%; 0.25–0.1 mm — 23.5%; 0.1–0.05 mm
— 19.8%; 0.05–0.01 mm — 14.6%; 0.01–0.005 mm — 4.8%;
<0.005 mm — 18.6% (Šliaupa and Bitinas, 1986). Sim i lar re -
sults were ob tained also in the new in ves ti ga tions (Fig. 2, Ta -

ble 1). The new data show that in gen eral the Dzñkija and
Dainava tills are sim i lar in grain-size com po si tion (Fig. 2). The
av er age value of sand and gravel (2–0.1 mm frac tion) for the
Dzñkija and Dainava tills is 42.4 and 41.6%, of silt (0.1–0.01
mm frac tion) 44.4 and 40.8% and of clay (<0.01 mm) 13.2 and
17.6% re spec tively.

The petrographic com po si tion of the gravel frac tion shows
three dom i nant groups of rocks: crys tal line rocks, De vo nian
do lo mite, Or do vi cian and Si lu rian lime stone (Figs. 3–5). The
ra tio of De vo nian do lo mite and Or do vi cian and Si lu rian lime -
stone (k) in the Dzñkija and Dainava tills is a use ful in dex in di -
cat ing dif fer ing di rec tions of gla cier ad vance. The in creased
con tent of De vo nian do lo mite and the re duced con tent of Or do -
vi cian and Si lu rian lime stone clasts (k = 0.53–2.71; 1.18 on av -
er age) of the Dzñkija till in di cate gla cier ad vance from the
north across De vo nian strata. The re versed pro por tions of these 
rocks (k = 0.16–0.91; 0.33 on av er age) in the Dainava till in di -
cates gla cier ad vance from the NW across the Bal tic Sea floor.
This in dex is more suit able for strati graphi cal sub di vi sion than
for cor re la tion of the sec tions. The re sults ob tained are in good
agree ment with data pre vi ously ob tained from the tills
(Gaigalas, 1979, 1995a). Clasts of Perm ian lime stone, Tri as sic
sand stone, Me so zoic car bon ates (chalk marl, chalk) and lo cally 
phosphorite, flint and cal cite are likely de rived from lo cal rocks 
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Fig. 2. Grain-size char ac ter is tics of the Dzñkija and Dainava tills in
bore holes 663, 669 and 677

In dex
of till

No. 
bore hole

Sam ple
number

Frac tion [mm]

5–2 2–1.0 1.0–0.5 0.5–0.25 0.25–0.1 0.1–0.05 0.05–0.01 0.01–0.005 0.005–0.001 < 0.001

dn

669   6 5.03 2.62 4.40   8.78 18.27 21.15 23.30 4.68 7.11 4.67

663 11 1.73 1.90 4.63 12.42 26.27 21.78 16.81 4.36 5.43 4.67

677 13 2.53 2.06 3.74   8.57 21.29 21.20 19.71 6.69 7.98 6.24

dz

669   4 2.76 2.12 4.41 11.45 24.89 25.35 18.59 2.89 4.93 2.61

663   9 1.57 1.48 3.66 10.35 24.59 23.41 21.05 4.33 5.54 4.01

677   9 1.52 1.82 3.86 10.01 24.50 24.68 19.83 4.72 5.40 3.65

T a  b l e  1

Av er age grain-size com po si tion [%] of the Dzñkija and Dainava tills in bore holes 663, 669 and 677



(Figs. 3–5). The Dzñkija till of ten im me di ately over lies the
sub-Qua ter nary sur face (Figs. 4 and 5). There fore, its lower
part is green ish grey, lo cally with 3 cm-thick interlayers of
Lower Cre ta ceous green glauconitic sand (bore hole 669). Cre -
ta ceous phosphoritic sand stone clasts abound (up to 34%) in
the till (bore hole 663). The  petrographic data sug gests that 
blocks of brown ish grey and green ish grey Dzñkija till lie
within the lower part of the Dainava till (bore hole 677; the in -
ter val of 139.7–143.5 m).

GRAIN-SIZE COMPOSITION OF THE TILLS 
AND VARIATION PATTERNS IN THEIR 

RELATIVE ENTROPY

Grain-size anal y sis of the tills has shown typ i cal com po si -
tions, i.e. sandy till in which the clayey frac tion (<0.01 mm) ac -
counts for 13.64–20.21% (Gaigalas, 1995b). Only in two sam -
ples was the con tent of clay frac tion an oma lously high — 41.44 
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Fig. 3. Se quence of Mid dle Pleis to cene de pos its in bore hole 663

R1 and R2 — vari a tion in rel a tive en tropy of the grain-size com po si tion of the Dzñkija and Dainava tills for the 10 frac tions and for the 8 frac -
tions; Md — vari a tion of the me dian grain-size; Cl — vari a tion of frac tion less 0.01 mm
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Fig. 4. Se quence of Mid dle Pleis to cene de pos its in bore hole 669

Other ex pla na tions as in Fig ure 3

Fig. 5. Se quence of Mid dle Pleis to cene de pos its in bore hole 677

Other ex pla na tions as in Fig ure 3 and 4



and 59.17% (Figs. 3–5). Data from these sam ples were not in -
cluded in the sta tis ti cal gen er al iza tions (Ta ble 1). The av er aged 
dif fer ences be tween the Dainava and Dzñkija tills are clear.
The Dzñkija till con tains less clay. Its me dian value of
grain-size com po si tion and the val ues of the 0.25–0.1 and
0.1–0.05 frac tions are higher. Higher con cen tra tions of some
heavy min er als in these frac tions have been ob served in South
Lith u a nia (Klimašauskas, 1965, 1967; Klimašauskas and
PrakapaitÅ, 1971). The me dian (Md) of the grain-size com po si -
tion and the clay frac tion (Cl = frac tion <0.01 mm) in part of the 
suc ces sion till var ies rhyth mi cally and across a wide range
(Figs. 3–5).

Calculations of the rel a tive en tropy of grain-size com po si -
tion for the 10 and 8 frac tions (R1 and R2) have shown that this
in dex in till stra tig ra phy also var ies rhyth mi cally (Figs. 3–5). A
com par i son of the av er age val ues of this in dex showed that the
rel a tive en tropy for the 10 and 8 frac tions in all three bore holes
was higher in the Dainava than in the Dzñkija tills (Ta ble 2). This 
dif fer ence was es pe cially dis tinct with re spect to the rel a tive en -
tropy of the 10 frac tions. The rel a tive en tropy in creases with the
amount of mix ing level in the tills, i.e. the con tent of all frac tions
equal izes (Baltrñnas and PukelytÅ, 2003; Baltrñnas and
Gaigalas, 2004). The cor re la tion co ef fi cient (r) be tween the rel a -
tive en tropy and the clay frac tion Cl in the Dzñkija and Dainava
tills re vealed con sid er able dif fer ences be tween the in di ces of rel -
a tive en tropy for the 10 and the 8 frac tions and for dif fer ent bore -
holes (Ta ble 3). The dif fer ences might have been caused by an
un equal and some times small num ber of sam ples. A pos i tive
cor re la tion is more typ i cal be tween the en tropy in dex for the 10
frac tions and for the clay frac tions in both kinds of till. A neg a -

tive cor re la tion is typ i cal of the en tropy in dex for
the 8 frac tions in clay frac tion. It is also ob vi ous
that the cor re la tion co ef fi cient of one and the same
till is dif fer ent in dif fer ent sec tions (r1 and r2). A
cor re la tion be tween the clay frac tion (Cl) of all
sam ples and the rel a tive en tropy in dex (R1) of the
10 frac tions is pos i tive — the cor re la tion co ef fi -
cient r = 0.61 (Fig. 6). This is re lated to the frac -
tions (0.01–0.005; 0.005–0.001; <0.001 mm), dis -
tin guished in the clay frac tion (<0.01 mm), which
are more help ful in iden ti fy ing higher en tropy
zones (better mix ing). Mean while, there is no cor -
re la tion be tween the clay frac tion (C1), not sub-di -
vided into frac tions, and the in dex of rel a tive en -
tropy (R2) of the 8 frac tions. An in crease in the
0.1–0.25 and 0.05–0.01 mm frac tions was ob -
served in zones of a lower rel a tive en tropy.

THE ORIGIN OF THE MULTILAYERED
STRUCTURE IN THE TILLS: DISCUSSION

The Dzñkija and Dainava till suc ces sions of
South Lith u a nia are com posed of a few beds of
gla cial de pos its. These beds are as so ci ated with
re peated gla cier ad vances. Based on this as sump -
tion, the lower and the up per beds of the Dzñkija
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In dex
of till

Sam ple
number

Av er age Stan dard de vi a tion Vari a tion co ef fi cient
[%]

R1 R2 R1 R2 R1 R2

dn 30 0.8663 0.869 0.0293 0.0323 3.38 3.71

dz 22 0.8203 0.8434 0.0328 0.0293 3.99 3.47

R1 — rel a tive en tropy of grain-size for 10 frac tions, R2 — rel a tive en tropy of grain-size for
8 frac tions

T a  b l e  2

Av er age, stan dard devation and vari a tion co ef fi cients of grain-size rel a tive en tropy
of the Dzñkija (dz) and Dainava (dn) tills

In dex
of till

No.     
bore -
hole

Sam ple
number

R1 R2 Cl [%] Md r1 r2

dn

669 6 0.8781 0.8896 16.45 0.08 –0.23 –0.04

663 11 0.8477 0.8649 14.45 0.09   0.23 –0.22

677 13 0.8767 0.8630 20.91 0.07   0.49 –0.24

dz

669 4 0.8174 0.8542 10.44 0.10 –0.94 –0.99

663 9 0.8226 0.8400 15.49 0.17 –0.31 –0.56

677 9 0.8231 0.8420 13.78 0.08   0.92   0.65

T a  b l e  3

Com par i son of mean rel a tive en tropy of grain-size for the 10 frac tions (R1) 
and for the 8 frac tions (R2), frac tion less than 0.01 mm (Cl), me dian grain-size

(Md), cor re la tion co ef fi cient be tween R1 and Cl (r1), R2 and Cl (r2) 
of the Dzñkija (dz) and Dainava (dn) tills

Fig. 6. Char ac ter of cor re la tion be tween rel a tive en tropy for the 10

grain-size frac tions and for the frac tion <0.01 mm (A), be tween 
rel a tive en tropy for the 8 frac tion grain-size 

and frac tion less than 0.01 mm (B)



and Dainava tills, sep a rated by inter-till (inter-phase and
inter-stage) de pos its, have been dis tin guished (Baltrñnas, 1995, 
2002; Baltrñnas and Gaigalas, 2004). The study area in cludes
the up per beds of the Dzñkija gla ci ation and the lower thin and
up per beds of the Dainava gla ci ation. The mul ti lay ered struc -
ture of these mac ro scop i cally ho mo ge neous beds was orig i -
nally de ter mined us ing bore hole log data which lo cally al lows
cor re la tion be tween dif fer ent till sec tions (Fig. 7). The logs of
ra dio ac tiv ity, elec tri cal po ten tial and elec tri cal re sis tance logs
from bore holes 663, 669 and 677, drilled dur ing geo log i cal
map ping, showed a mul ti lay ered struc ture in the Dzñkija and
Dainava tills. The log cor re la tions show, vari abil ity of the mul -
ti lay ered till struc ture, though also a marker level. 

The grain-size com po si tion in ver ti cal sec tion of ten has a
rhyth mic char ac ter. The sedimen tological na ture of this pat tern
is re vealed by vari a tions in the rel a tive en tropy of grain-size
com po si tion in di cat ing the de gree of mix ing of the till ma te rial.
Up to four higher en tropy (better mixed) zones can be dis tin -

guished in the Dzñkija till stra tig ra phy and in the up per part of
the Dainava till. These zones show good cor re la tion in bore -
holes 663 and 677 where till beds are thick, and weaker cor re la -
tion  in bore hole 669 where the till layer is thin ner (Fig. 8).

The in creased val ues in the rel a tive en tropy of till grain-size
dis tri bu tion are also re flected by changes in the pre ferred ori en -
ta tion and dip of the clast fab ric (Baltrñnas et al., 2005a). This
as so ci a tion sug gests that for ma tion of the rel a tive en tropy
zones was as so ci ated with gla cier ac ti va tion. The higher con -
tent of fine-grained sand and silt and the lower con tent of clay in 
the zones of lower en tropy may be re lated to a pas sive, melt ing
gla cier. Thus, the pres ence of higher en tropy zones in the till

stratigraphy can be at trib uted to re peated in put of ex tra till ma -
te rial dur ing gla cier ac ti va tion stages or phases.

The suc ces sive subglacial depositional phases de tected in
the basal tills of the Lower Vistula val ley in North Po land are
note wor thy (Wysota, 2007). The three till fa cies must have
been formed via com plex subglacial sed i men tary pro cesses
dur ing the first Late Weichselian ice ad vance. The low est till
fa cies is in ter preted as de for ma tion till ac cu mu lated dur ing the
ini tial stage of ice ad vance. The mid dle fa cies rep re sents the
stag na tion phase dur ing the ini tial ice ad vance; it was de pos ited 
dur ing re cur rent pe ri ods of subglacial melt-out fol lowed by
melt wa ter sed i men ta tion. The up per till fa cies was de pos ited
by di rect subglacial melt-out from stag nant ice. The grain-size

com po si tion of the Dzñkija and Dainava tills in South Lith u a -
nia is mostly com pa ra ble with the low est till fa cies A (Wysota,
2007). Sam ples of till with a lower grain-size rel a tive en tropy
can also be seen in the trigonal di a gram and may be com pared
with the mid dle fa cies B which rep re sents a stag na tion phase of 
the gla cier (Fig. 2).

The rel a tive en tropy of till com po si tion in the di rec tion of
gla cier move ment is char ac ter ised by rhyth mic vari a tions, most
prob a bly caused by sat u ra tion of the lower lay ers of the gla cier
with till ma te rial to a max i mum con cen tra tion and then set tling
of this ma te rial (Baltrñnas and Gaigalas, 2004). The sat u ra tion
pro ceeded by grind ing and mix ing the ma te rial in tran sit and un -
der go ing lo cal ero sion into a mix ture of the high est den sity (vol -
u met ric weight), i.e. ac cord ing to grain-size the tills are close to
op ti mal mix tures (Vereisky, 1978; Marcinkevièius, 1988;
Dundulis, 1997). When the rel a tive en tropy of nine frac tions ap -
proaches 0.9 a till mix ture of high est den sity is formed.
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Fig. 7. Cor re la tion of the Dainava till se quences ac cord ing to log data from bore holes 663 and 677

Ex pla na tions as in Fig ures 3 and 5



The num ber of new in puts of till ma te rial is prob a bly re -
flected in the high est num ber of high en tropy zones in sec tions,
or it may be de ter mined from the cor re la tion of sec tions ac cord -
ing to bore hole log and other data. Some times these zones are
sep a rated by pas sive gla cier till char ac ter ized by a worse mix -
ing of ma te rial and ori en ta tion of the long axes of gravel and
peb bles in the di rec tion of gla cier ad vance. The mul ti lay ered
struc ture of subglacial tills can be con trolled by al ter nat ing
phases of ac tive and pas sive mode in side the ice sheet, par tic u -
larly in bed rock de pres sions. Glaciotectonic pro cesses at the
bed rock el e va tions de formed the soft-rock substrate and
formed incorporation and deformation tills.

The num ber of subglacial till lay ers may be re lated to the
mar ginal mo raine ridges dur ing gla cial re ces sion. This pat tern
was first re corded and ana lysed on an ex am ple of the Baltija
(Pom er a nian) Stage till of the Last Gla ci ation in Lith u a nia
(Baltrñnas et al., 2005a). This cor re la tion is barely pos si ble in
the case of the Dainava and Dzñkija tills be cause the re lief left

by them was later eroded and cov ered by the more wide spread
Žemaitija (Odra, Dnie per) gla cier.

The lit er a ture on the tills stud ied in Po land and Belarus
show that there are 4–5 till and periglacial suc ces sions older
than the Holsteinian (Mazovian, Al ex an drian) Inter gla cial
(Mojski, 1985; Velichkevich et al., 1997; Ber, 2000, 2006;
Lindner et al., 2004; Sanko et al., 2005 and oth ers). These till
suc ces sions can be re lated to glaciations. In the till suc ces sions
un der con sid er ation, Pol ish re search ers have dis tin guished tills
of older and youn ger stages, which can be cor re lated with
zones of higher till en tropy of grain-size com po si tion in South
Lith u a nia.

CONCLUSIONS

In ves ti ga tions of the struc ture and com po si tion of the South 
Lith u a nian Dzñkija and Dainava tills suc ces sions al low the fol -
low ing con clu sions:

1. The struc ture and com po si tion of the old est Lith u a nian
Mid dle Pleis to cene Dzñkija and Dainava till suc ces sions are in -
dic a tive of at least two glaciations and their stages. The Dzñkija 
till was formed by gla ciers ad vanc ing from the north across an
area of De vo nian rocks. The Dainava till was formed by gla -
ciers ad vanc ing from the north-west across an area un der lain
by Lower Palaeozoic and Me so zoic rocks.

2. The mac ro scop i cally ho mo ge neous up per lay ers of the
Dzñkija till, and the lower and up per lay ers of the Dainava till
suc ces sion, have a rhyth mic mul ti lay ered struc ture re vealed by
bore hole log and an a lyt i cal data. The mul ti lay ered struc ture of
subglacial tills may be re lated to re peated phases of ac tive and
pas sive gla cier behaviour, which formed spe cific tills in side the 
ice sheet, par tic u larly in bed rock sur face de pres sions.

3. The sedimentological na ture of the rhythmicity of the till
struc ture is partly re vealed by anal y sis of rel a tive en tropy vari a -
tions in ver ti cal sec tion. The in dex of rel a tive en tropy (in di cat -
ing the de gree of mix ing) al lowed the dis tin guish ing up to four
higher en tropy zones in the stratigraphy till. These zones lo -
cally cor re late well, even in distant sections.

4. The pres ence of these zones can be ex plained by re peated 
in puts of new till ma te rial in the basal part of ac tive gla cier ice.
Sat u ra tion of the gla cier with till ma te rial con trolled the ac cu -
mu la tion of subglacial till. Lo cally the zones are sep a rated by
de pos ited from till a pas sive gla cier, usu ally marked by a poorer 
de gree of mix ing (lower rel a tive en tropy) of the till material
and by other features.
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Fig. 8. Block di a gram of Dzñkija and Dainava till strata in the site
in ves ti gated

 Ex pla na tions as on Fig ures 3–5



REFERENCES

ADAM W. G. and KNIGHT P. G. (2003) — Iden ti fi ca tion of basal layer
de bris in ice-mar ginal mo raines, Rus sell Gla cier, West Green land.
Quatern. Sc. Rev., 22: 1407–1414.

BALTR¤NAS V. (1995) — Pleis to cene stra tig ra phy and cor re la tion (in
Lith u a nian with Eng lish sum mary). Vilnius. Ac a de mia.

BALTR¤NAS V. (2002) — Strati graphi cal sub di vi sion and cor re la tion of
Pleis to cene de pos its in Lith u a nia (meth od olog i cal prob lems). Inst.
Geol. Vilnius.

BALTR¤NAS V. and GAIGALAS A. (2004) — En tropy of Pleis to cene till 
com po si tion as an in di ca tor of sed i men ta tion con di tions in South ern
Lith u a nia. Geol. Quart., 48 (2): 115–122.

BALTR¤NAS V., KARMAZA B., DUNDULIS K., GADEIKIS S.,

RAÈKAUSKAS V. and ŠINK¤NAS P. (2005a) — Char ac ter is tics of
till for ma tion dur ing the Baltija (Pom er a nian) Stage of the Nemunas
(Weichselian) Gla ci ation in Lith u a nia. Geol. Quart., 49 (4): 417–428.

BALTR¤NAS V., KARMAZA B. and KARMAZIEN# D. (2005b) —

Pleistoceno nuogul÷ sandaros ir formavimosi ypatybÅs ŠiaurÅs
Lietuvoje. Geologija, 52: 22–33.

BALTR¤NAS V. and PUKELYT# V. (2003) — Vari abil ity pe cu liar i ties of
rel a tive en tropy of Pleis to cene till grain-size in South Lith u a nia (in
Lith u a nian with Eng lish sum mary). Geologija, 42: 45–50.

BER A. (2000) — Plejstocen Polski pó³nocno-wschodniej w nawi¹zaniu
do g³êbszego pod³o¿a obszarów s¹siednich (in Pol ish with Eng lish
sum mary). Pr. Pañstw. Inst. Geol., 170.

BER A. (2006) — Pleis to cene interglacials and glaciations of north east ern
Po land com pared to neigh bour ing ar eas. Quatern. Internat., 149:
12–23.

BRODZIKOWSKI K. and VAN LOON A. J. (1991) — Glacigenic Sed i -
ments. Elsevier. Am ster dam.

DREIMANIS A. (1990) — For ma tion, de po si tion and iden ti fi ca tion of
subglacial and supraglacial tills. In: Gla cial In di ca tor Trac ing (eds. R.
Kujansu and M. Saarnisto): 35–59. A. A. Balkema. Rot ter dam.

DUNDULIS K. (1997) — The Lith u a nian Uni fied Soil Clas si fi ca tion Sys -
tem. Lith u a nian Geol. Soc. Vilnius.

GAIGALAS A. (1971) — Tex ture, struc ture and the ge netic va ri et ies of
the ground-mo raines (in Rus sian). In: Struc ture and Morphogenesis of 
the Mid dle Lith u a nian Morainic Plain (eds. V. Gudelis and A.
Gaigalas): 28–87. Mintis. Vilnius.

GAIGALAS A. (1979) — Glaciosedimentation cy cles of the Lith u a nian
Pleis to cene (in Rus sian with Eng lish sum mary). Mokslas. Vilnius.

GAIGALAS A. (1995a) — Gla cial his tory of Lith u a nia. In: Gla cial De pos -
its in North-East Eu rope (eds. J. Ehlers, S. Kozarski and Ph. Gibbard):
127–135. A. A. Balkema. Rot ter dam.

GAIGALAS A. (1995b) — Klastini÷ nuogul÷ ir uolien÷ granulometrinÅ

klasifikacija. Mokomoji priemonÅ. Vilniaus universiteto leidykla.
Vilnius.

GAIGALAS A. and SATK¤NAS J. (1994) — Evo lu tion of the Qua ter nary
Stratigraphic Scheme in Lith u a nia. Geologija, 17: 152–158.

KLIMAŠAUSKAS A. (1965) — Granulometrische Eigenschaften und
Gesetzmässigkeiten der mineralogischen Zusammenstetzung moräner 
Ablagerungen Südostlitauens (in Rus sian with Ger many sum mary).
In: Stratigraphie Quartärer Ablagerungen Südostlitauens und
Antropogäne Paläogeographie (red. A. Garunkštis): 39–103.
Mintis.Vilnius.

KLIMAŠAUSKAS A. (1967) — Pos si bil i ties of us ing min er al og i cal data
for strati graphi cal sub di vi sion of mo raines (in Rus sian with Eng lish
sum mary). In: On Some Prob lems of Ge ol ogy and Palaeo ge ogra phy of 

the Qua ter nary Pe riod in Lith u a nia (ed. M. KabailienÅ): 41–50.
Mintis. Vilnius. 

KLIMAŠAUSKAS A. and PRAKAPAIT# G. (1971) — Lithologische
eigenheit der ablagerungen des Unterpleistozäns (in Rus sian with
Ger many sum mary). In: Aufbau, Lithologie und Stratigraphie der

Ablagerungen des Unterpleistozäns in Litauen (eds. O. KondratienÅ

and P. Vaitiekñnas): 35–56. Mintis. Vilnius.

KONDRATIEN# O., ed. (1993) — Cat a logue of Qua ter nary stratotypes of
the Bal tic Re gion (in Eng lish and Rus sian). Bal tic Strati graphic As so -
ci a tion. Vilnius.

KONDRATIEN# O. and VAITIEK¤NAS P., eds. (1971) — Aufbau,
lithologie und stratigraphie der ablagerungen des Unterpleistozäns in
Litauen (in Rus sian with Ger many sum mary). Mintis. Vilnius.

KRIGER N. I. (1978) — For ma tion of physico-me chan i cal prop er ties of a
mo raine (till). In: Ma te rial Com po si tion of Ground Mo raines. Ma te ri -
als of the In ter na tional Sym po sium (in Rus sian) (eds. E. V. Shantser
and Yu. A. Lavrushin): 134–154. Mos cow.

LAVRUSHIN Yu. A. (1980) — Some gen eral prob lems of morainic
sedimentogenesis (in Rus sian with Eng lish sum mary). In: Pro cesses of 
Con ti nen tal Lithogenesis (ed. E. V. Shantser): 123–135. Nauka. Mos -
cow.

LINDNER L., GOZHIK P., MARCINIAK B., MARKS L. and
YELOVICHEVA Y. (2004) — Main cli ma tic changes in the Qua ter -
nary of Po land, Belarus and Ukraine. Geol. Quart., 48 (2): 97–114.

LISICKI S. (2003) — Lithotypes and lithostratigraphy of tills of the Pleis -
to cene in the Vistula drain age ba sin area, Po land (in Pol ish with Eng -
lish sum mary). Pr. Pañstw. Inst. Geol., 177.

MARCINKEVIÈIUS V. (1988) — For ma tion of phys i cal and me chan i cal
pe cu liar i ties of the mo raines of the last gla ci ation in Mid dle Lith u a nia
(for ma tion of the com po si tion of mo raine de pos its) (in Rus sian with
Eng lish sum mary). Geologija, 9: 125–136.

MOJSKI J. E. (1985) — Qua ter nary. In: Ge ol ogy of Po land, 1, Part 3b.
Wyd. Geol. Warszawa.

SANKO A. F., VELICHKEVICH F. Ju., RYLOVA T. B., KHURSEVICH
G. K., MATVEYEV A. V., KARABANOV A. K., MOTUZKO A.
N.and ILKEVICH G. I. (2005) — About pro ject of new strati graphic
scheme of the Belarus Qua ter nary de pos its (in Rus sian). Proc. IV Rus -
sia Meet ing of Quartenary de pos its in Syktyvkar, Rus sia, Au gust
23–26, 2005: 382–383.

SATK¤NAS J. and KONDRATIEN# O. (1995) — Qua ter nary Stra tig ra -
phy Scheme of Lith u a nia for Na tional Geo log i cal Map ping. XIV In ter -
na tional con gress, INQUA, Berlin, Au gust 3–10, 1995: Ab stracts:
239.

ŠLIAUPA A. (2004) — Prekvartero uolien÷ paviršius (in Lith u a nian with

Eng lish sum mary). In: Lietuvos ŽemÅs gelmi÷ raida ir ištekliai (ed. V.

Baltrñnas): 254–258. Petro ofsetas. Vilnius.

ŠLIAUPA A. and BITINAS A. (1986) — Tec tonic struc ture and com po si -
tion of the Qua ter nary strata de pos its in area
Vilnius–Trakai–ElektrÅnai (in Rus sian). In: Re search of Glacigenic
For ma tions of Bal tic Re pub lics (eds. O. KondratienÅ and A.
Mikalauskas): 104–113. Dep. Geogr. Acad. Sc. Vilnius.

VELICHKEVICH F. Ju., SANKO A. F., RYLOVA T. B., NAZAROV V. I.,
KHURSEVICH G. K., LITVINJUK G. I. and YAKUBOVSKAYA T.
V. (1997) — New strati graphic scheme of the Belarus Pleis to cene. In:
Qua ter nary de pos its and neotectonics in the area of Pleis to cene
glaciations. Ab stract vol ume of the field sym po sium, May, 12–16,
1997, Belarus, Minsk: 69–70.

VEREISKY N. G. (1978) — En gi neer ing-geo log i cal pe cu liar i ties of
ground mo raines of the Rus sian plain. In: Ma te rial com po si tion of
ground mo raines. Ma te ri als of the In ter na tional Sym po sium (eds. E. V. 
Shantser and Yu. A. Lavrushin) (in Rus sian): 155–165. Mos cow.

VONSAVIÈIUS V. (1967) — The struc ture of Qua ter nary de pos its in
South-west ern Bal tic Re gion (in Rus sian with Eng lish sum mary). In:
On Some Prob lems of Ge ol ogy and Palaeogeography of the Qua ter -

nary Pe riod in Lith u a nia (ed. M. KabailienÅ): 85–120. Mintis. Vilnius.

WALLER R. I. (2001) — The in flu ence of basal pro cesses on the dy namic
be hav iour of cold-based gla ciers. Quatern. Internat., 86 (1): 117–128.

WALLER R. I., HART J. K. and KNIGHT P. G. (2000) — The in flu ence of
tec tonic de for ma tion on fa cies vari abil ity in strat i fied de bris-rich basal 
ice. Quater. Sc. Rev., 19: 775–786.

WYSOTA W. (2007) — Suc ces sive subglacial depositional pro cesses as
in ter preted from basal tills in the Lower Vistula val ley (N Po land).
Sed i ment. Geol., 193 (1–4): 21–31.

Multilayered structure of the Dzñkija and Dainava tills and their correlation in South Lithuania 99


	Valentinas BALTR¤NAS, Bronislavas KARMAZA and Violeta PUKELYT# — Multilayered structure of the Dzukija and Dainava tills and their correlation in South Lithuania 91

