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In ves ti ga tions have been car ried out in or der to re con struct the palaeoenvironmental changes dur ing the ear li est Pleis to -
cene interglacials and to es tab lish their re la tion to global en vi ron men tal changes. Three sec tions in east Lith u a nia ex pos ing
the ear li est Pleis to cene lac us trine de pos its ly ing be tween the Kalviai (Gla cial B, Nidanian?) and Dzñkija (Sanian 1) and be -
tween Dzñkija (Sanian 1) and Dainava (Sanian 2) gla cial de pos its were se lected for study. Un til now the �lavÅ-2 and
Vindûiñnai-136 suc ces sions were con sid ered to have formed dur ing the Vindûiñnai (Augustovian?, Malopolanian) Inter gla -
cial and the KudrÅ-915 suc ces sion dur ing the Turgeliai (Cromerian IV, Ferdynandovian) Inter gla cial. Geo chem i cal,
palaeomagnetic, mag netic sus cep ti bil ity, ani so tropy of mag netic sus cep ti bil ity and palaeobotanical prox ies were ap plied to
es tab lish the cyclicity and dy nam ics of palaeoenvironmental change. The data ob tained en able the sub di vi sion of the sec tion 
into units re lated to changes in the sed i men tary en vi ron ment. The Matuyama/Brunhes bound ary and Jaramillo subchron of
the Matuyama chron have been rec og nized in the �lavÅ sec tion. The re sults en able cor rec tion of the strati graphic po si tion of
the sec tions stud ied. The sed i men ta tion in the �lavÅ sec tion took place dur ing the Early Pleis to cene, while that at the
Vindûiñnai-136 and KudrÅ-915 took place dur ing two dif fer ent Mid dle Pleis to cene interglacials. 
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INTRODUCTION

Inter-re gional cor re la tion and global as sess ment of re cent
data on Qua ter nary suc ces sions (Co hen and Gibbard, 2011)
have helped to re vise the strati graphic schemes in Lith u a nia
(Satkñnas et al., 2007; GuobytÅ and Satkñnas, 2011). Re vi sion 
was pos si ble on the ba sis of new palaeomagnetic data, as the
Matuyama/Brunhes (M/B) palaeomagnetic in ver sion, dated
0.78 mln years BP, was lo cated in sandy de pos its of the lower
part of Daumantai out crop (Baltrñnas et al., 2013a). Un til now,
these de pos its have been con sid ered as the old est Qua ter nary
strata in the re gion (Daumantai Preglacial of Prepleistocene di -
vi sion). How ever, the de ter mi na tion of the M/B bound ary shows 
that Early Pleis to cene strata are pres ent in the Daumantai sec -
tions be low this palaeomagnetic bound ary. This sug gests cor -
re la tion of the Daumantai sec tions with sec tions formed at the
be gin ning of the Mid dle Pleis to cene (KondratienÅ, 1996;
Satkñnas et al., 2007). 

The aim of this re search was to re con struct the palaeo -
environmental changes in east Lith u a nia dur ing the ear li est
Pleis to cene interglacials and to es tab lish their re la tion to con -
tem po ra ne ous global en vi ron men tal change. Three sec tions
rep re sent ing the ear li est Pleis to cene integlacials lo cated in
east ern Lith u a nia were stud ied. Palaeobotanical and palaeo -
magnetic stud ies were used to cor re late the sec tions, while
geo chem i cal data (ma jor and trace el e ments, to tal or ganic
car bon and to tal in or ganic car bon) were aimed at re con struc -
tion of the sed i men tary en vi ron ment, i.e. the com bi na tion of
phys i cal, chem i cal and bi o log i cal pro cesses as so ci ated with
sed i men ta tion. 

Pre vi ous in ves ti ga tions sug gested that the �lavÅ-2 out crop
and the Vindûiñnai-136 bore hole sec tions rep re sent the
Vindûiñnai Inter gla cial, while the KudrÅ-915 bore hole sec tion
rep re sent the Turgeliai Inter gla cial (Fig. 1). 

The Vindûiñnai Inter gla cial was fol lowed by the first Kalviai
(MIS 16) Gla cial which cov ered only the east ern part of Lith u a -
nia (Gaigalas, 1987, 2008; KondratienÅ, 1996; GuobytÅ and
Satkñnas, 2011). The Vindûiñnai Inter gla cial has com monly
been cor re lated with the Židini (Lat via), Augustovian (Po land),
and Bavelian (Cen tral Eu rope) interglacials (Gaigalas, 1995,
2008; KondratienÅ, 1996; Ber, 2000, 2006; Ber et al., 2007).
The de pos its of the sec ond inter gla cial, the Turgeliai (Voigstedt
in Ger many, Ferdynandovian in Po land, Byelovezha in Belarus) 
were dis tin guished in Lith u a nia in 1961. They lie be tween tills
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formed dur ing the Dzñkija (Elster 1) and Dainava (Elster 2)
glacials; fur ther more, the tills of both glacials are interstratified
with interstadial de pos its (KondratienÅ, 1996; Baltrñnas, 2002;
Ber, 2006; Gaigalas, 2008;  Baltrñnas et al., 2008; GuobytÅ and 
Satkñnas, 2011).

STUDY SITES

All study sec tions are lo cated in the east ern Lith u a nia,
Anykščiai and Vilnius re gions – the key ar eas for Early and Mid -
dle Pleis to cene de pos its (Fig. 2). The �lavÅ-2 out crop is lo -
cated in the Anykščiai re gion, 3 km south-west of Anykščiai
(25°04’ E/55°29’), on the right bank of the �lavÅ River. The
Vindûiñnai-136 bore hole is lo cated 35 km south-east of Vilnius
and 4.6 km north-east of Medininkai (25°42’ E/54°33’). The
KudrÅ-915 bore hole is lo cated 9 km west of Utena and 2 km
north of Pakalniai (25°42’ E/55°26’). 

All of these sec tions are lo cated on palaeodivides of the
sub-Qua ter nary sur face near palaeoincisions (Šliaupa, 2004)
(Fig. 3). The inter gla cial lac us trine de pos its pen e trated by the
Vindûiñnai-136 and KudrÅ-915 bore holes lie in de pres sions on
the Kalviai and Dzñkija glacigenic de pos its re spec tively. The
lithologies and re la tions of the three sec tions stud ied are given
in Fig ure 4.

METHODS

Pol len anal y sis. Chem i cal prep a ra tion fol lowed 
the stan dard pro ce dure de scribed by Erdtman
(1936) and Grichiuk (1940). To cal cu late the per -
cent age pol len val ues, the sum of ar bo real (SAP)
and non-ar bo real (SNAP) taxa (SAP + SNAP = SP)
was used.

Plant macrofossil anal y sis. Plant macro -
remains were ex tracted from the sed i ment sam ples
(7–10 dm3 in vol ume) by wet siev ing (screens with
mesh sizes of 0.2 and 0.5 mm) and were ana lysed
us ing a Nicon SMZ 1500 mi cro scope, at mag ni fi ca -
tions of 20–60x. The macro remains were iden ti fied
us ing the at lases of Berggren (1969, 1981), Grigas
(1986), Cappers et al. (2006) and a ref er ence col -
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Fig. 1. Strati graphic cor re la tion scheme for the Qua ter nary of Lith u a nia

Fig. 3. Sub-Qua ter nary sur face of East Lith u a nia
(ac cord ing to Šliaupa, 2004)

Fig. 2. Lo ca tion of the sec tions in ves ti gated



lec tion at NRC IGG, Vilnius (Lith u a nia). Bo tan i cal no men cla ture 
fol lows Gudžinskas (1999).

Di a tom anal y sis. Di a tom frustules were ex tracted from the
sed i ments in the con ven tional man ner as de scribed by
Battarbee (1986) and Miller and Flo rin (1989). HCl was added
to re move the car bon ates, and 35% H2O2 was used to ox i dize
the or ganic ma te rial. De cant ing and flo ta tion in heavy liq uids
were used to re move clay par ti cles and min eral ma te rial. Af ter -
wards, the di a tom frustules were mounted into Naphrax liq uid
and ex am ined un der a light mi cro scope with an oil im mer sion
ob jec tive at a mag ni fi ca tion of 1000x.

De ter mi na tion of mag netic sus cep ti bil ity. Mass mag -
netic sus cep ti bil ity (m3/kg–1) was mea sured in GTC IGG by a
kappabridge MFK1-B (AGICO). The in for ma tion re ceived was
as sessed with SAFYR soft ware.

De ter mi na tion of the ani so tropy of mag netic suspecti -
bility (AMS). AMS was mea sured with a MFK1-B kappabridge
(AGICO) at the Palaeomagnetic Lab o ra tory of the IGG. The
AMS mea sure ments were made along fif teen dif fer ent di rec -

tions (Jelinek, 1977). Anal y sis of the AMS data was per formed
us ing Anisoft 4.2 soft ware. 

Palaeomagnetic in ves ti ga tions. The nat u ral remanent
mag net is ation of sam ples was mea sured us ing a JR-6 spin ner
mag ne tom e ter at the Palaeomagnetic Lab o ra tory of the IGG,
Na ture Re search Cen tre. Mag netic dec li na tion and mag netic
in cli na tion were de ter mined and plot ted for each sam ple. All
sam ples were sub jected to stepwise al ter nat ing field (AF) de -
mag neti sa tion with an AF Molspin demagnetizer. Char ac ter is tic 
di rec tions were cal cu lated us ing prin ci pal com po nent anal y sis
(Kirschvink, 1980).

De ter mi na tion of to tal con tents of ma jor and trace el e -
ments. Sam ples were air-dried and ho mog e nized. They were
then milled for 10 min utes (27 Hz fre quency) us ing a MM 400
mixer mill (Retsch) with grind ing jars and grind ing balls cov ered
by zir co nium ox ide. The milled ma te rial was ho mog e nized with
Licowax (4 g of sam ple and 0.9 g of wax) and pressed with a
PP15 press into a 32 mm pressed pel let. The con tents of 10
ma jor el e ments (Si, Al, Ca, Mg, Fe, K, Na, S, Ti, P) and 19 trace
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Fig. 4. Li thol ogy and cor re la tion of the sec tions in ves ti gated

Strati graphic in dex of tills: dn – Dainava, dz – Dzñkija, kl – Kalviai,
md – Medininkai, nm – Nemunas  žm – Žemaitija



el e ments (As, Ba, Br, Cr, Cu, Ga, Hf, Mn, Mo, Nb, Ni, Pb, Rb,
Sr, Th, V, Y, Zn, Zr) were de ter mined by en ergy-dispersive
X-ray flu o res cence (EDXRF) us ing Spectro XEPOS equip ment
and the TURBOQUANT cal i bra tion method for pressed pel lets.
Qual ity con trol was as sured by par tic i pa tion of the lab o ra tory in
the �In ter na tional Soil-an a lyt i cal Ex change� (ISE) pro gram of
Wageningen Eval u at ing Pro grams for An a lyt i cal Lab o ra to ries
(WEPAL). 

De ter mi na tion of to tal or ganic car bon (TOC) and to tal
in or ganic car bon (TIC). Sam ples were air-dried, ho mog e -
nized and milled us ing a MM 400 mixer mill as de scribed above. 
Di rect de ter mi na tion of to tal car bon (TC) was done by the
high-tem per a ture ox i da tion method us ing a liquiTOC el e men tal
analyser (Elementar analysensysteme GmbH, Hanau-Ger -
many). The pro ce dure in volved heat ing the sam ple at 950°C
and mea sur ing the com bus tion prod ucts by in fra red en ergy de -
tec tor with a pre ci sion of ±1% (Leong and Tan ner, 1999). The
car bon ate-free res i due was washed with deionized wa ter,
dried, and then the TOC con tent was mea sured. The dif fer ence 
be tween the two car bon mea sure ments (TIC–TOC) gives the
to tal in or ganic car bon (TIC) con tent.

Cal cu la tion of or ganic mat ter (OM) from TOC was achieved
by us ing a con ver sion fac tor of 2.8, which re sem bles the
Redfield ra tio. The per cent age of to tal car bon ates (TCR) is cal -
cu lated by di vid ing the per cent age of car bon ate car bon (TIC) by 
0.12, the frac tion of car bon in CaCO3. This con ver sion prob a bly 
slightly over es ti mates the to tal car bon ate con tent, be cause
most sam ples con tain mi nor amounts of do lo mite that con tains
13 wt.% of car bon (Dean and Schwalb, 2000). The amount of
in or ganic, non-car bon ate min er als (NCM) was cal cu lated as
the dif fer ence be tween 100% and the sum of the per cent ages
of or ganic mat ter and to tal car bon ates. The value is of ten re -
ferred to as the “de tri tal-clastic” frac tion, al though in the sed i -
ments of many lakes this frac tion also in cludes si li ceous di a tom
re mains (Dean and Schwalb, 2000). 

Sta tis ti cal treat ment of geo chem i cal data. Sta tis ti cal
treat ment of data was based on the find ings of Engstrom and
Wright (1984) that the  allogenic, authigenic and biogenic com -
po nents of lake sed i ments can be dis tin guished. Allogenic ma -
te rial is mainly minerogenic, largely crys tal line and allo -
chthonous; authigenic mat ter is allochthonous in or i gin but fixed 
as sed i ment by chem i cal and phys i cal pro cesses in the wa ter
col umn (chem i cal pre cip i ta tion and floc cu la tion, ad sorp tion
onto col loi dal par ti cles), while biogenic ma te rial has passed
through the food chain ei ther in the lake eco sys tem or in the
catch ment (Heathwaite and O’Sullivan, 1991; Boyle, 2001;
O'Sullivan and Reynolds, 2003). Clas si fi ca tion of lake sed i -
ments is also of ten based on three anal o gous com po nents:
clastic, chem i cal and bi o log i cal (Garunkštis, 1975; Schnurren -
berger et al., 2003). These find ings en abled the fol low ing: 

1 – the main three com po nents of lake sed i ments can be
dis tin guished ac cord ing to ma jor and trace el e ments us ing
multivariate meth ods; 

2 – in ter pre ta tion of the dis tin guished la tent com po nents
can be sub stan ti ated by ana lys ing their cor re la tion with TOC
and TIC and com par ing with the re sults of other re search ers; 

3 – the rel a tive im por tance of these com po nents in three
sec tions can be used for their com par i son, and for sub di vi sion
of the sec tions into sed i men tary units. 

Fac tor anal y sis (prin ci ple com po nent anal y sis with varimax
ro ta tion) was cho sen as a suit able multivariate sta tis ti cal
method for the fol low ing rea sons: 

1 – it can be ap plied even to het er o ge neous data sets for
es tab lish ment of the prin ci pal dif fer ences be tween sub-sets
(Iberla, 1980); 

2 – it has been ap plied ear lier not only to lithologically ho mo -
ge neous sec tions (Baltrñnas et al., 2013a) but also to het er o ge -
neous sec tions, com posed of dif fer ent lithologies (Baltrñnas et
al., 2013b). 

RESULTS OF INVESTIGATIONS

PALAEOBOTANICAL INVESTIGATIONS

All three sec tions were in ves ti gated for pol len, plant macro -
remains and di a toms.

Pol len grains ob tained in �lavÅ-2 out crop are well-pre -
served. The rich est pol len flora was found in the mid dle part of
the sec tion in silt and gyttja lay ers, and is char ac ter is tic of the
inter gla cial (KondratienÅ and RiëkienÅ, 1971; KondratienÅ,
1996). In the low er most part, dur ing the late gla cial and the be -
gin ning of the inter gla cial, Betula pre vails among trees com pris -
ing 80–95% of to tal flora (Fig. 5). To wards the up per part of the
sec tion Alnus and Pinus ap pear. The first broad-leaved trees
ap pear at the bot tom of a gyttja layer and Quercus dom i nates
among them, com pris ing up to 15% as the other broad-leaved
trees are found in small num bers. Picea ap pears con tem po ra -
ne ously with de cid u ous trees as well as with some ex otic spe -
cies: Ilex, Celtis, Vitis, Osmunda, Az ol la (KondratienÅ, 1996). In 
the low er most and up per most parts of the sec tion, con sid er able 
num bers of herbs are pres ent. 

The rich est macrofossil flora was ob tained from the de pos -
its of the mid dle part of the sec tion at a depth of 3.2–4.2 m (Ta -
ble 1). Herbs dom i nate (NAP 85%) and most of these rep re sent 
aque ous or wet hab i tats. This in di cates that sed i men ta tion took
place in a lake. Re mains of re cent as well as of ex tinct plants
are nu mer ous. Ex tinct spe cies com pose a third of the to tal flora
[Pilularia pliocenica Dorof., Eleocharis ex gr. pseudoovata
Dorof., Alisma plantago-min i mum (Nikit.) Dorof. ex Wieliczk.
and oth ers]; among them, Plio cene spe cies dominate. Most of
these spe cies were iden ti fied as con fer (=cf) (Sparganium cf.
emersum Rehm., Potamogeton cf. obtusifolius Mert. et W.D.J.
Koch, P. cf. rutilus Wolfg., Lemna cf. trisulca L. and oth ers) as
they show mor pho log i cal fea tures char ac ter is tic of older co-ge -
neric spe cies. No tree macroremains were iden ti fied.

DIATOMS WERE ABSENT STRATA 
SAMPLED AT OUTCROP

Pol len iden ti fied at a depth of 153.8–159.8 m in the
Vindûiñnai-136 sec tion is of inter gla cial char ac ter (Fig. 6). The
pol len spec tra in di cate Pinus-Betula for ests with open ar eas.
The ther mal op ti mum of the inter gla cial was re corded at a depth 
of 154.6–158 m and its first part was more con ti nen tal than the
sec ond. Mixed for ests pre vailed. Quercus dom i nated among
broad-leaved trees (up to 14%), while pol len of Larix, Rho do -
den dron, Ephedra was pres ent in di cat ing pos si ble open ar eas.
Some spe cies of Neo gene flora (Pterocarya, Ostrya, Tsuga)
were found. Re cords of the wa ter-liv ing spe cies Nymphaea,
Trapa and Az ol la point to a mild cli mate. Pol len flora from the
depth in ter val 153.8–154.6 m in di cates more se vere cli ma tic
con di tions as only a few grains of broad-leaved pol len and
thermophilous spe cies were found. 

Plant macrofossils were pres ent at a depth of 157–159.8 m.
Six teen spe cies were iden ti fied. A con sid er able part of the flora
com prised ex tinct spe cies (44%), such as Az ol la inter glacialica
Nikit., Potamogeton trichoides Cham. et Schlecht., P. perfo -
ratus Wieliczk., P. cf. parvulus Dorof., Eleocharis
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praemaximowiczii Dorof., Ranunculus sceleratoides Nikit.
and Elatine hydropiperoides Dorof. ex Wieliczk. The spe -
cies Potamogeton trichoides is char ac ter is tic of a warm cli -
mate and is com mon in inter gla cial de pos its only at their op -
ti mum (Velichkevich et al., 1998). Be cause of the frag men -
tary char ac ter of the com plex, no tree macrofossils were ob -
tained, ex cept for one re cord of Larix sp.

The de pos its are poor in di a toms and the rich est di a tom
flora was ob tained in the in ter val 150.4–156.8 m. The
planktonic di a tom spe cies Aulacoseira granulata, A. islan -
dica and Stephanodiscus rotula dom i nate, in di cat ing sed i -
men ta tion in a eutrophic lake. Some ex tinct spe cies are
also pres ent.

Pol len spec tra of the KudrÅ-915 sec tion (at the depth
in ter val of 76.5–91.8 m) in di cate the ther mal op ti mum of
the inter gla cial at 83.8–85.8 m (KondratienÅ, 1996). Betula 
and Betula-Pinus for ests ex isted at the be gin ning, which
were later re placed by co nif er ous-de cid u ous for ests with
Corylus. The first broad-leaved taxa which ap peared were
Quercus, Ulmus, Tilia, and later Carpinus and Acer. Dur -
ing the sec ond half of the ther mal op ti mum, ex pan sion of
Picea started, as the cli ma tic con di tions prob a bly be came
cooler. The end of the inter gla cial could be char ac ter ized
as rep re sent ing a se vere cli mate, be cause of the ex is -
tence of such spe cies as Betula nana L., Alnaster, and
Lycopodium appressum (Desv.) Petr. Plio cene relicts –
Pinus cembra, P. strobus, Picea sect. omorica, Tsuga,
Pterocarya, Vitis, Ilex, Az ol la and Osmunda are pres ent as 
well. This inter gla cial was char ac ter ized by an ab sence of
dif fer en ti a tion of veg e ta tion dur ing the cli ma tic op ti mum
and a high fre quency of trees and shrubs (up to 40%) in -
clud ing Ar te mi sia and Chenopodiaceae (KondratienÅ,
1996). 

The KudrÅ-915 suc ces sion rep re sent ing the be gin ning
of the inter gla cial and the ther mal op ti mum is poor in di a -
toms. Only sin gle frustules of Aulacoseira granulata,
Ellerbeckia arenaria, Opephora martyi, Gyrosigma attenua -
tum, and Cymbella ehrenbergii were found (Fig. 7, zone I).
The sec ond half of the inter gla cial (77–83.7 m) is very rich in 
di a toms (Fig. 7, zones II–VI), that are dom i nated by peri -
phytic fresh wa ter taxa. At the depth in ter val 83.6–82.4 m
the num ber of di a toms in creases. Epiphytic and ben thic
spe cies dom i nate (up to 75% of the to tal flora): e.g., Eller -
beckia arenaria, Gyrosigma attenuatum, Opephora martyi,
Fragilaria construens and Cymbella ehrenbergii. The plank -
tonic taxon Aulacoseira granulata ac counts for 20%. At
81.8–78.4 m a very rich di a tom flora was ob tained, dom i -
nated by epiphytic and ben thic spe cies (up to 50–90%),
e.g., Opephora martyi, Fragilaria brevistriata, Gyrosigma
attenuatum and Cymbella ehrenbergii. Among plank tonic
taxa Aulacoseira granulata, A. islandica morph. helvetica
and A. ambigua are the most com mon. In the up per most
part of the sec tion (78.4–77.0 m) the num ber of plank tonic
spe cies de creases. Periphytic spe cies are pre dom i nated by 
rep re sen ta tives of the ge nus Fragilaria and ben thic spe cies
by Pinnularia viridis, Gyrosigma attenua tum, Am phora
ovalis and Cymbella ehrenbergii. The aerophilous di a toms
Pinnularia bo re alis and Hantzchia amphioxys are pres ent.

The di a tom flora in ves ti gated at KudrÅ-915 in di cates
that sed i men ta tion took place in the lit to ral zone of a
eutrophic lake. From the lower to the up per part of the sec -
tion, the wa ter level grad u ally de creased.
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Fig. 5. Pol len di a gram of the �lavÅ-2 sec tion

(by KondratienÅ, 1996)

For li thol ogy ex pla na tions see Fig ure 4



PALAEOMAGNETIC INVESTIGATIONS

Ex am ples of the pro gres sive al ter nat ing field (AF) de mag -
neti sa tion be hav iour of the �lavÅ-2 sec tion sam ples are shown
on or thogo nal plots and equal-area pro jec tions in Fig ure 8.
Stepwise AF de mag neti sa tion shows one kind of over print in
the sam ples from the �lavÅ-2 sec tion. All sam ples con tained a
low coercivity com po nent that was re moved in a field from 40 to
60 mT. De mag neti sa tion re sults show that all sam ples in the in -
ter val from 2.4 to 3.2 m have a re versed po lar ity di rec tion; from
3.2 m to the lower part of the sec tion they have a mixed mag -
netic po lar ity (Figs. 8 and 9).

INVESTIGATIONS OF THE ANISOTROPY 
OF MAGNETIC SUSCEPTIBILITY

Anal y sis of the ani so tropy of mag netic sus cep ti bil ity (AMS) 
has been ap plied to the rock fab ric in ves ti ga tion. AMS mea -
sure ment of one rock spec i men re sults in an el lip soid of mag -
netic sus cep ti bil ity (K) de fined by the length and ori en ta tion of
its three prin ci pal axes, Kmax > Kint > Kmin which are the
eigenvectors of the sus cep ti bil ity ten sor. The long axis of the
mag netic sus cep ti bil ity el lip soid Kmax de fines the mag netic
lineation; the short axis Kmin de fines the mag netic fo li a tion. In a 
stan dard model, the mag netic lineation co in cides with sed i -
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T a  b l e  1

Plant macrofossils from the �lavÅ-2 out crop sec tion

Spe cies name

Depth [m]

0
2.

4
–

3
1.

4

3
1.

4
–

6
0.

4

6
0.

4
–

9
9.

3

9
9.

3
–

2
9.

3

2
9.

3
–

5
8.

3

5
8.

3
–

8
7.

3

8
7.

3
–

1
7.

3

1
7.

3
–

4
6.

3

4
6.

3
–

7
5.

3

7
5.

3
–

2
5.

3

2
5.

3
–

5
4.

3

5
4.

3
–

8
3.

3

8
3.

3
–

0
3.

3

0
3.

3
–

2.
3

Chara sp.     1 3 1        

Selaginella selaginoides (L.) Link 3 11 35 28  58 41 63 22 14  5 8 21 18  2

Selaginella sp. 3   1 2 8 13  1     1

Sal vin ia aphtosa Wieliczk.  2 5 4 15  19  20 13 24 34  12  18  2  

Sal vin ia tetraedra Wieliczk.   1  2 1  2 15  6 3 9 4  

Sal vin ia sp. 1  2  1 3 1 1  4 1    

Az ol la interglacialica Nikit.   1 52  67     18  5 3    

Pilularia pliocenica Dorof.    1 2          

Sparganium min i mum Wallr.  1 3  2  1 1       

Sparganium cf. emersum Rehm.   12 3  6         

Potamogeton filiformis Pers.    2 1 1         

Potamogeton cf. obtusifolius Mert. 
et W.D.J. Koch  1 1 5  7 1        

Potamogeton cf. rutilus Wolfg.  4 1 3  2         

Potamogeton sp.     1          

Alisma plantago-aguatica L. 3  3 8 14  2  12       

Alisma plantago-min i mum (Nikit.)
Dorof. ex Wieliczk.  1 8 2 5  1        

Alisma sp.  2 6 18  44  26  5       

Alismataceae gen.  1   1 2         

Sagittaria sagittifolia L.   1            

Eleocharis palustris (L.) R. Br. 2  1  8          

Eleocharis ex gr. pseudoovata
Dorof.      1         

Carex paucifloroides Wieliczk.  1  13  5 1 19  1 1     

Carex sp.  2 1  17  12 21 15  4 2    

Lemna cf. trisulca L.   3 18   3  2       

Ranunculus sceleratoides Nikit. 2 8 2 1 48  32 26 30 12  3     

Ranunculus sp. 2   2 6  1        

Lysimachia thyrsiflora (L.) Rchb. 1 2 38 16  28  8 21 4 3 2 2 1   

Urtica dioica L.     1   1   2  1     

Potentilla sp.   1   1          

Myriophyllum verticillatum L.   1 4 6    2       

Menyanthes thrifoliata L.     1   1  2       

Hippuris vulgaris L.   2  9  18  25   4  15       
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Fig. 6. Pol len di a gram of the Vindûiñnai-136 sec tion (by KondratienÅ, 1996)

For li thol ogy ex pla na tions see Fig ure 4
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Fig. 8. Rep re sen ta tive de mag ne ti za tion re sults (B, C, D) of sam ples S14 and S3 
from the Šlave-2 sec tion and (A) ChRM di rec tions

 A – char ac ter is tic remanent mag ne ti za tion di rec tions (ChRM); B – changes in in ten sity of NRM;  C – hor i zon tal and ver ti cal pro jec tions of
the NRM vec tor com bined into a sin gle vec tor com po nent di a gram; D – equal area pro jec tions which dis play the di rec tion of nat u ral
remanent mag ne ti za tion (NRM) vec tor; depth lo ca tion of sam ples S14 and S3 is in di cated in Fig ure 9; N – num ber of de mag ne ti za tion
steps, SPECIMEN COORD S.; SPEC – spec i men co or di nate sys tem, M/Max – ra tio of geo mag netic palaeointensity (M) to max i mum geo -
mag netic palaeointensity (Mmax)

Fig. 7. Di a tom di a gram of the KudrÅ-915 sec tion

For li thol ogy ex pla na tions see Fig ure 4



men tary or vol ca nic flow di rec tions while the Kmin is per pen dic -
u lar to the sur face of the flow (CaÔón-Tapia, 2004).   

The re sults of AMS mea sure ment of 24 ori ented sam ples
from the �lavÅ-2 sec tion (Fig. 10) show that the main az i muth of 
the di rec tion of the in flow of sed i men tary ma te rial in the �lavÅ-2
sec tion is 86°, i.e. from west to east. The small bank an gle in di -
cates a slow rate of in flow of sed i men ta tion (Ta ble 2).  

INVESTIGATIONS OF MAGNETIC 
SUSCEPTIBILITY (MS)

The �lavÅ-2 sec tion is char ac ter ized by the low est range of
vari a tion of MS: from 22.4 to 49.1 ´ 10–9 m3 kg–1(Fig. 11A). In
the other two sec tions the MS is higher: in the Vindûiñnai-136
bore hole sec tion from 39.1 to 256 ́  10–9 m3 kg–1 (Fig. 12A) and
in KudrÅ-915 bore hole sec tion from 55.4 to 142.9 ́  10–9 m3 kg–1

(Fig. 13A). The me dian of MS in �lavÅ-2 is 34.4 ´ 10–9 m3 kg–1;
in the Vindûiñnai-136 sec tion it is 77.7 ´ 10–9 m3 kg–1 and in the
KudrÅ-915 sec tion it is 95.5 ´ 10–9 m3 kg–1, in di cat ing an in -
crease of MS in youn ger inter gla cial de pos its. The high est co ef -

fi cient of vari a tion of MS (46.4%) is in the Vindûiñnai-136 sec -
tion. In other sec tions it is lower: 19.2% in �lavÅ-2 and 20.5% in
KudrÅ-915. 

In the �lavÅ-2 sec tion (Fig. 11A), rel a tively low MS val ues
(be low 30 ´ 10–9 m3 kg–1) are in the depth in ter val of 2.4–3.2 m
and in one sam ple at a depth of 4.68 m. Other sam ples have
rel a tively high MS val ues. The sec tion can be sub di vided into
three parts: lower (from 4.8 to 4.5 m); mid dle (from 4.5 to 3.4 m)
and up per (from 3.4 to 2.4 m). The high est peak P6 is in the
mid dle part of the sec tion as well as most of the other peaks P3,
P4, P5 and P7. The in creas ing trend of MS from the depth of
4.5 m to P6 and then a de creas ing trend from P6 to 3.4 m can
be ob served. A gen eral de crease in MS is reg is tered in the up -
per part of the sec tion.

In the Vindûiñnai-136 sec tion (Fig. 12A), there are mostly
rel a tively low val ues of MS (from 39.1 to 90 ´ 10–9 m3 kg–1), by
com par i son with which 8 in ter vals with MS in crease can be ob -
served: P1, P2, P3, P4, P5, P6, P7 and P8. The high est value is 
at P1 (256 ´ 10–9 m3 kg–1). The low er most part of the sec tion is
char ac ter ized by large fluc tu a tions of MS, but peaks P2 and P3
are lower than P1. Up wards from P3 a trend of de creas ing MS
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Fig. 10. Ani so tropy of mag netic sus cep ti bil ity di rec tional re sults of the �lavÅ-2 sec tion

Small sym bols rep re sent spec i men eigenvectors; large sym bols rep re sent mean eigenvectors: K1 = Kmax, K2 = Kint, K3 = Kmin;
P – ani so tropy de gree, T – shape pa ram e ter, Km – mag netic sus cep ti bil ity (10-6SI) 

Fig. 9. Mag netic sus cep ti bil ity, dec li na tion, in cli na tion and po lar ity 
scale from the �lavÅ-2 sec tion

In the in cli na tion plot, the white cir cles in di cate re versed po lar ity, the black cir cles nor mal po lar ity; 
for li thol ogy ex pla na tions see Fig ure 4



can be seen, but it is fol lowed by a sharp in crease at P4. Up -
wards from P4 again a ten dency to wards de crease can be ob -
served with smaller am pli tude fluc tu a tions and lower peaks P5
and P6. Up wards from the depth of 151 m MS in creases to the
rel a tively high P7 peak. Then it again de creases to the depth of
148 m and up wards from this depth MS grows un til it reaches
P8 in the up per most part of the sec tion. 

The KudrÅ-915 sec tion (Fig. 13A) mostly shows rel a tively
low val ues of MS (from 55.4 to 100 ́  10–9 m3 kg–1). By com par i -
son with these, eleven peaks (P1–P11) can be dis tin guished.
Most of the rel a tively low val ues are in the lower part of the sec -
tion (from 92 to 83.8 m) and there are only two peaks in this
part. Up wards from P24 un til the depth of 84.4 m a de creas ing
trend of MS can be ob served. From 84.4 to 83.8 m MS in -
creases once more. The up per part (from 83.8 to 75.8 m) is
char ac ter ized by large fluc tu a tions in MS and pres ence of many 

peaks (P3–P11). The high est MS is ob served in the up per most
part of the sec tion in peak P11, reach ing a value of 143 ´
10–9 m3 kg–1. The up per part can be sub di vided into two in ter -
vals: from 83.8 to 78 m and from 78 to 75.8 m; an in creas ing
trend can be ob served in the sec ond in ter val. 

INVESTIGATIONS OF TOC AND TIC

The range of TOC con tent in the Vindûiñnai-136 sec tion
(0.04–2.31%; Fig. 12B) is clearly lower than in the �lavÅ-2
sec tion (0.08–17.7%; Fig. 11B) and in the KudrÅ-915 sec tion
(0.11–18.1%; Fig. 13B). The low est me dian con tent of TOC
(0.25%) is in the Vindûiñnai-136 sec tion; it is higher (0.62%) in
the �lavÅ-2 sec tion and high est (3.89%) in the KudrÅ-915 sec -
tion. 
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Fig. 11. Sum mary di a gram of the �lavÅ-2 out crop sec tion 

The fac tors: F1A – authigenic, F2M – allogenic (terrigenous, minerogenic), F3B – biogenic;
For li thol ogy ex pla na tions see Fig ure 4

T a  b l e  2

Ani so tropy of mag netic sus cep ti bil ity pa ram e ters of the �lavÅ-2 sec tion

N Km  (10–6SI) L F P T Kmax [°] Kmin [°]

24 3.96E-5 1.003 1.007 1010 0.484 86/11 215/74

N – num ber of sam ples, Km – mag netic sus cep ti bil ity, L – mag netic lineation, F – mag netic fo li a tion, P – ani so tropy
de gree, T – shape pa ram e ter, Kmax – long axis (dec li na tion and in cli na tion), Kmin – short axis (dec li na tion and in cli -
na tion)



The low est range of TIC con tent is in the �lavÅ-2 sec tion
(0.01–0.23%; Fig. 11C); it is fol lowed by the Vindûiñnai-136
sec tion (0.03–0.77%; Fig. 12C) and is high est in the KudrÅ-915
sec tion (0.92–5.67%; Fig. 13C). The sec tions are also ar ranged 
in the same or der as re gards the me dian con tent of TIC: 0.11%
in �lavÅ-2, 0.20% in Vindûiñnai-136 and 2.64% in KudrÅ-915.
The me dian TIC con cen tra tion in the KudrÅ-915 sec tion is 24
times as high as in the �lavÅ-2 sec tion. This in di cates that the
KudrÅ-915 de pos its are rich both in or ganic ma te rial and in in or -
ganic car bon (cal cium car bon ates). 

The vari a tion co ef fi cients (VK) of TOC in all sec tions are
higher than those of TIC. The low est VK are in the KudrÅ-915
sec tion: 92.9% for TOC and 37.5% for TIC. TOC is more vari -

able in the �lavÅ-2 sec tion (VK = 178%) than in the Vin -
dûiñnai-136 sec tion (VK = 108%), while the vari a tion in TIC is
higher in the Vindûiñnai-136 sec tion (VK = 74.7%) com pared to
the �lavÅ-2 sec tion (VK = 46.1%). 

Es ti ma tion of the per cent age of OM, to tal car bon ates (TCR) 
and non-car bon ate min er als (NCM), ac cord ing to TOC and TIC
val ues, re vealed some dif fer ences be tween the sec tions. In al -
most all sam ples the NMC com po nent pre vails, its high est per -
cent age be ing in the Vindûiñnai-136 sec tion (91.1–99.6%, me -
dian value – 96.9%); it is lower in the �lavÅ-2 sec tion
(48.7–99.2%, me dian value – 97.6%) and low est in the
KudrÅ-915 sec tion (20.2–88.9%, me dian value – 68.3%). As re -
gards vari abil ity in NMC, the sec tions are ar ranged in the op po -
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Fig. 12. Sum mary di a gram of the Vindûiñnai-136 bore hole sec tion

For ex pla na tions see Fig ures 4 and 11



site or der (re spec tive VK are 2.1%, 13.8 and 26.1%) as well as
ac cord ing to the per cent age of OM: the low est be ing in
Vindûiñnai-136 (0.11–6.47%, me dian value – 0.69%), higher in
�lavÅ-2 (0.23–49.4%, me dian value – 1.73%) and high est in
KudrÅ-915 (0.30–50.8%, me dian value – 10.9%). The ar range -
ment of sec tions ac cord ing to the per cent age of to tal car bon -
ates is a lit tle dif fer ent: the low est is in �lavÅ-2 (0.08–1.94%,
me dian value – 0.93%), higher in Vindûiñnai-136 (0.24–6.43%,
me dian value – 1.63%) and high est in KudrÅ-915 (7.67–47.2%,
me dian value – 22.0%). 

INVESTIGATION OF MAJOR 
AND TRACE ELEMENTS

Fac tor anal y sis of the three sec tions com bined en abled the
dis tinc tion of three po lar fac tors F1, F2, F3 hav ing sig nif i cant
pos i tive and sig nif i cant neg a tive load ings. Heathwaite and
O’Sullivan (1991) re ported that K and Al are char ac ter is tic of an
allogenic com po nent, whereas Ca and Mn re flect authigenic or -
i gin. Ac cord ing to Putschew et al. (1996) and Lückge et al.
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Fig. 13. Sum mary di a gram of the KudrÅ-915 bore hole sec tion

For ex pla na tions see Fig ures 4 and 11



(2002), S can be taken as a typ i cally biogenic el e ment. Thus,
F1 with sig nif i cant pos i tive load ings of Ca, P, Mn, Mg, Br, Fe
(also Sr, Zn, Cu, and K) and sig nif i cant neg a tive load ings of Si,
Ti, Zr, Hf, Al (also Nb, Y, V, Ga, Cr, and Th) en ables dis tinc tion
be tween authigenic (Mn and Ca have pos i tive load ings) and
allogenic (terrigenous) (Al has neg a tive load ing) ma te ri als.
Most allogenic chem i cal el e ments (Al, V, Ti, Cr), form ing the
sig nif i cant neg a tive load ings of this fac tor, were as cribed by
Dean (2002) to an alumosilicate as so ci a tion. The fact that the
most neg a tive load ings are formed by Si, Zr, Hf, Ti, Y, and Nb,
which are re lated to quartz and heavy min er als, sug gests that
this fac tor fa cil i tates dis tinc tion be tween lay ers rich in authi -
genic min er als (A) and lay ers rich in coarser terrigenous clastic
ma te rial (Tc). Thus it would be more cor rect to mark it as
F1(A-Tc), show ing the op po si tion of these sed i ment types. Fac -
tor F2 with sig nif i cant pos i tive load ings of Rb, Ba, Pb, Th, Ga, K, 
Y, Nb, (Ti, Al, Cr, Hf, Na, Ni, Sr, Fe, Zn, V, Zr, Si) and sig nif i cant
neg a tive load ing of Ca fa cil i tates dis tinc tion be tween fine-
 grained terrigenous sed i ments (Tf) and CaCO3 sed i ments and
can be marked as F2(Tf-A) be cause cal cium car bon ates usu -
ally are authigenic (A). Fac tor F3 with sig nif i cant pos i tive load -
ings of Ni, As, S, V, Mo, Cu, Cr, Zn, (Th, Ga, Br, Pb, Fe, Y, and
Al) and sig nif i cant neg a tive load ings of Na, Sr, Si, Zr, and Hf is
help ful in dis tin guish ing be tween biogenic sed i ments (B) (char -
ac ter is tic el e ment S) and terrigenous sed i ments (T); it was
marked as F3(B-T). Authigenic de po si tion is char ac ter is tic of in -
ter vals with higher F1(A-Tc) scores, fine-grained terrigenous
sed i men ta tion of in ter vals with el e vated F2(Tf-A) scores and
biogenic sed i men ta tion of in ter vals with el e vated F3(B-T) val -
ues. Ac cord ing to the ar range ment of fac tor scores, the three
sec tions were di vided into in ter vals of dif fer ent de po si tion types. 
Thus 6 in ter vals were dis tin guished in �lavÅ-2, 15 in ter vals in
Vindûiñnai-136 and 8 in ter vals in the KudrÅ-915 sec tions. 

The sec tions dif fer in the dom i nant sed i men tary or i gin:
terrigenous or biogenic in �lavÅ-2 (Fig. 11D) and in
Vindûiñnai-136 (Fig. 12D) and authigenic in the KudrÅ-915 (Fig. 
13D). For in ves ti ga tion of inter gla cial de pos its it is im por tant to
dis tin guish those in ter vals where the role of biogenic sed i men -
ta tion is im por tant or dom i nant. In the �lavÅ-2 sec tion (Fig.
11D) it is dom i nant in the depth in ter val Š3 (3.6–3.8 m), show -
ing a dis tinct peak, but also in Š2 (3.8–4.3 m), whereas within
Š4 (3.3–3.6 m) and Š1 (4.3–4.8 m) its role is com pa ra ble with
the role of terrigenous sed i men ta tion. In the Vindûiñnai-136
sec tion (Fig. 12D), biogenic sed i men ta tion is dom i nant at a
depth of 157.2–160.0 m (sed i men ta tion in ter vals V1–V3), while
there are in ter vals in this bore hole where it is lo cally com pa ra -
ble with other modes of sed i men ta tion: 157.2–157.8 m (V4) and 
153.9–156.2 m (V6, V7, V8, V9). How ever, it is not as well ex -
pressed as in the �lavÅ-2 sec tion. In the KudrÅ-915 sec tion
(Fig. 13D) biogenic sed i men ta tion is sig nif i cant not only in the
in ter val 83.9–84.7 m (K4), where it is com pa ra ble with authi -
genic sed i men ta tion, but also in the in ter vals 84.7–85.6 m (K3),
81.1–82.1 m (K7) and part of K8 (75.5–81.1 m) where it is sub -
or di nate to authigenic sed i men ta tion.

Pairwise com par i son of three sec tions us ing the Mann-
 Whit ney U-test (sig nif i cance level p = 0.05) sup ports these find -
ings. The KudrÅ-915 sec tion dif fers greatly from both other sec -
tions ac cord ing to ma jor el e ments: the con tents of Ca, Mg, Fe
and P are sig nif i cantly higher and the con tents of Si, Ti, Al are
sig nif i cantly lower, in di cat ing the prev a lence of authi genic sed i -
men ta tion. Be sides, in com par i son with the Vindûiñnai-136 sec -
tion, the KudrÅ-915 sec tion has a sig nif i cantly higher con tent of
S and sig nif i cantly lower con tent of Na. This sec tion can be dis -
tin guished also ac cord ing to trace el e ments: the con tents of
Mn, Br and Cu are sig nif i cantly higher than in the other two sec -
tions and the con tents of Mo and As are sig nif i cantly higher

than in the Vindûiñnai-136 sec tion. These pat terns in di cate that
be sides authigenic sed i men ta tion, biogenic sed i men ta tion also
plays im por tant role in this sec tion. 

The �lavÅ-2 and Vindûiñnai-136 sec tions, both of which are
char ac ter ized by dom i nant terrigenous or biogenic sed i men ta -
tion, are more sim i lar ac cord ing to con tents of ma jor and trace
el e ments: ac cord ing to the con tents of Si, K, Fe, Zr, Hf, Ba and
Br there are no sig nif i cant dif fer ences be tween them. The con -
tents of most chem i cal el e ments (S, Mo, As, Cu, Zn, Ni, V, Y, Ti, 
Nb, Al, Ga, Cr, Th, Pb, Rb) are sig nif i cantly higher in the �lavÅ-2 
sec tion than in Vindûiñnai-136, the first seven of these el e ments 
char ac ter ize biogenic sed i men ta tion. The �lavÅ-2 sec tion has
the high est peaks and vari abil ity of S, Mo, As, Cu, Zn, Ni, V, Y,
Zr, Hf, Ba. By con trast, the con tents of Ca, Mg, P, Na, Mn, Sr
are sig nif i cantly higher in the Vindûiñnai-136 sec tion than in
�lavÅ-2. The Vindûiñnai-136 sec tion is char ac ter ized by the
high est con tents and high est vari abil ity of Fe and Mn. 

GENERALIZATION AND DISCUSSION

Ac cord ing to pre vi ous pol len in ves ti ga tions, the
Vindûiñnai-136 sec tion rep re sents the de pos its of the old est
inter gla cial known in Lith u a nia (KondratienÅ, 1996). Mixed co -
nif er ous-de cid u ous for ests, with a high pres ence of Quercus
are char ac ter is tic of this inter gla cial. The for ests were not thick,
with some woodless ar eas. This is shown by pol len of Larix,
Rho do den dron and Ephedra. A num ber of ex otic and ex tinct
spe cies are found in the flora. Ac cord ing to KondratienÅ (1996)
the pol len com po si tion iden ti fied from the Vindûiñnai-36 sec tion
is very sim i lar to that of the �lavÅ-2 sec tion and pre sum ably
these two sec tions were con tem po ra ne ous. How ever, macro -
fossil stud ies could not sup port this in fer ence as the plant
macroremain flora iden ti fied dif fers in both sec tions. The flora
as sem blage of the �lavÅ-2 sec tion in cludes the larg est num ber
of ex tinct spe cies and such Plio cene rel ict spe cies as Sal vin ia
apthosa Wieliczk., which is char ac ter is tic for the north and east
Eu ro pean Early Pleis to cene flora (Velichkevich and Zasta -
wniak, 2006). 

Strati graphi cal cor re la tion of the Vindûiñnai-136 macrofossil 
as sem blage is pos si ble with the Augustovian Inter gla cial in Po -
land (Stachowicz-Rybka, 2011). In Belarus, the Korchevian
inter gla cial flora is most closely re lated, in terms of age, to the
flora of the Vindûiñnai Inter gla cial (Velichkevich et al., 1998).
An other pos si bil ity is of cor re la tion of the �lavÅ-2 sec tion with
the Augustovian Inter gla cial de pos its in Po land and this may be
sup ported by the pres ence of Plio cene plant macroremains. In
this case the Vindûiñnai-136 sec tion de pos its cor re spond to the
Domuratovian Inter gla cial, as the pol len spec tra rep re sent ing
both se quences show some sim i lar i ties (Lindner et al., 2004;
Lindner and Marks, 2008). 

More in for ma tion has been ac cu mu lated as re gards the de -
pos its of the Turgeliai Inter gla cial. Mixed co ni fer and broad-
 leaved for ests with Corylus un der growth are typ i cal of this pe -
riod. Broad-leaved taxa in clud ing horn beam and ha zel spread
in the for est al most si mul ta neously, and co ni fers dom i nated. A
marked spread of al der trees is typ i cal of the first half of the
inter gla cial, while a spread of fir trees ap peared in the sec ond
half. Ilex, Buxus and Ligustrum then grew un der fa vour able
con di tions (KondratienÅ, 1996). The KudrÅ-915 sec tion, rep re -
sent ing the Turgeliai Inter gla cial, cor re lates with the Ferdynan -
dovian inter gla cial ac cord ing to its pol len and di a tom con tent
(Marciniak and Lindner, 1994; Ber, 2005). 

Dur ing the in ves ti ga tion of the Early Pleis to cene strata in
the Daumantai out crops, the Brunhes/Matuyama bound ary was 

The earliest Pleistocene interglacials in Lithuania in the context of global environmental change 157



es tab lished (Baltrñnas et al., 2013a). Ac cord ing to avail able
palaeomagnetic data, the inter gla cial de pos its of the �lavÅ-2
out crop can be at trib uted to the Matuyama Chron (Early Pleis -
to cene). The zone of mixed mag netic po lar ity is dis tin guished in 
the lower part of the out crop. As this zone oc cu pies about
1.7 m, it can only be re garded as the Jaramillo subchron. The
doubts (due to a small num ber of sam ples) as to the Jaramillo
subchron in the Daumantai-3 out crop (Baltrñnas et al., 2013a)
were set tled by the re sults ob tained on the Šlavë-2 out crop.
The Brunhes/Matuyama palaeomagnetic bound ary has been
iden ti fied in some key inter gla cial sites in Po land, help ing to in -
ter pret the re sults of many years of climatostratigraphic re -
search (Lindner et al., 2013). Com pos ite interglacials are char -
ac ter is tic of the in ter val MIS 22-12 and re flect a tran si tion from a 
cli mate sys tem dom i nated by 41 ka or bital cy cles to those dom i -
nated by 100 ka cy cles. Based on these gen eral dif fer ences,
the MIS 23/22 and MIS 12/11 bound aries are rec om mended as 
key thresh olds of the Pleis to cene and may be re con sid ered as
the lower bound aries of Mid dle and Late Pleis to cene, re spec -
tively (Lindner et al., 2013). 

There fore, the re sults of re cent palaeomagnetic in ves ti ga -
tions sug gest the for ma tion of all three sec tions in ves ti gated
dur ing dif fer ent interglacials.

This in fer ence may be con firmed by geo chem i cal data.
Geo chem i cal anal y sis re vealed dis tinct dif fer ences be tween
the sec tions. The con cen tra tion of Ca and TIC in KudrÅ-915 is
sig nif i cantly higher than in the other two sec tions, in di cat ing a
much higher con tent of car bon ates in this sec tion. The ob vi ous
dif fer ence ac cord ing to CaCO3 con tent may re flect a few fac -
tors:

1  – a higher con cen tra tion of car bon ates in the gla cial de -
pos its of the Dzñkija Gla cial pre ced ing the Turgeliai Inter -
gla cial than in the gla cial de pos its formed dur ing the
Kalviai Gla cial and in pre-Pleis to cene sed i ments; 

2  – dif fer ent sed i men ta tion con di tions, i.e. a dom i nance of
authigenic sed i men ta tion dur ing the Turgeliai Inter gla cial. 

The pre sump tion was made in this re search that the sec -
ond rea son plays an im por tant role and the cli mate is one of
the most im por tant among many fac tors de ter min ing the pro -
por tion of authigenic and allogenic frac tions in the lake sed i -
ments. The in ves ti ga tion of car bon ate lakes in the north-west
of Eng land has shown that dur ing warm in ter vals there is in -
creased lake pro duc tiv ity through marl pre cip i ta tion and de -
creased de liv ery of de tri tal ma te rial (Nolan et al., 1999). Geiss
et al. (2003) stated that dur ing pe ri ods of for est growth within
the wa ter shed, de po si tion of terrigenous ma te rial is low and
authigenic min er als pre vail in sed i ments, while dur ing dry pe ri -
ods de po si tion of terrige nous ma te rial in creases due to in -
creased dust de po si tion and the ero sion of lake mar gins
caused by low ered wa ter lev els. 

These find ings em pha size the im por tance of dif fer ent in or -
ganic com po nents of lake sed i ments: to tal car bon ates (TCR)
and non-car bon ate min er als (NCM), allogenic and authigenic
frac tions. We pre sumed that both pro por tions are im por tant and 
tested two dif fer ent means of es ti ma tion of the main com po -
nents of lac us trine sed i ments: on the ba sis of TOC and TIC
mea sure ments and sub se quent cal cu la tion of the per cent age
of OM, TCR and NCM (Geiss et al., 2003) and on the ba sis of
the con tents of ma jor and trace el e ments with the help of fac tor
anal y sis (Itkonen et al., 1999). Be sides, us ing the sec ond ap -
proach, es ti ma tion of the rel a tive im por tance of allogenic, authi -
genic and biogenic frac tions was pos si ble. 

The first method al most al ways yielded the high est per cent -
age of non-car bon ate min er als, while the sec ond one showed

dif fer ent dom i nant sed i ments: terrigenous, authigenic and
biogenic. The re sults of the sec ond method show that in the
KudrÅ-915 sec tion the authigenic sed i ments take first place,
while the re sults of the first method in di cate that the TCR com -
po nent (pre sum ably authigenic) is sec ond ary to the NCM com -
po nent. This may be be cause the NCM com po nent dis tin -
guished by the first method does not nec es sar ily in clude only
allogenic (terrigenous) ma te rial, but may also in clude ma te rial
rich in authigenic min er als other than CaCO3. Nevertherless a
cer tain sim i lar ity be tween the two eval u a tions can be ob served,
be cause both an authigenic com po nent and a TCR com po nent
(pre sum ably authigenic) has a higher sig nif i cance in the
KudrÅ-915 sec tion than in the other two sec tions and an in -
crease of me dian scores of the authigenic fac tor is ob served in
the same or der as an in crease of me di ans of the TCR com po -
nent (�lavÅ-2, Vindûiñnai-136, KudrÅ-915), i.e. from older to
youn ger de pos its. Cor re la tion be tween Ca and TIC is sig nif i cant 
in all 3 sec tions, while be tween TIC and the authigenic fac tor it
is sig nif i cant only in the KudrÅ-915 and Vindûiñnai-136 sec -
tions. The ab sence of sig nif i cant cor re la tion be tween TIC and
the authigenic fac tor in the �lavÅ-2 sec tion in di cates that car -
bon ates are not dom i nant among authigenic min er als. 

Anal o gous ar range ment of sec tions from older to youn ger
(�lavÅ-2, Vindûiñnai-136, KudrÅ-915) ac cord ing to in crease of 
me di ans of the TCR com po nent and me dian scores of the
authigenic fac tor might be in flu enced by dif fer ent chem i cal
com po si tions of the un der ly ing strata. How ever, it might also
be pre sumed that the KudrÅ-915 sec tion was formed in the
warm est cli ma tic con di tions, Vindûiñnai-136 in cooler con di -
tions and �lavÅ-2 in the cool est cli mate. On the other hand,
other rea sons are also pos si ble, e.g. ac cord ing to Barešić et
al. (2011), the dis tance from the shore of the lake is an im por -
tant fac tor for de ter min ing the pro por tion of authigenic and
allogenic frac tions. So, in crease in the authigenic frac tion in
the KudrÅ-915 sec tion might be due to a greater dis tance from
the palaeolake shore. 

Biogenic and authigenic com po nents might be re lated as a 
re sult of com bined sed i men ta tion of authigenic min er als and
autochthonous or ganic mat ter: it has been de ter mined that
when a lake is oligotrophic (low pri mary pro duc tion), its sed i -
ments con tain pre dom i nantly de tri tal min er als from the catch -
ment and at mo spheric dust; when it be comes mesotrophic,
authigenic min er als are pro duced, es pe cially dur ing sum mer.
How ever, the ar range ment of sec tions ac cord ing to in creas ing 
me dian per cent age of OM (Vindûiñnai-136, �lavÅ-2, KudrÅ -
-915) is a lit tle dif fer ent from the ar range ment ac cord ing to in -
creas ing me dian per cent age of TCR and me dian scores of the 
authigenic fac tor (�lavÅ-2, Vindûiñnai-136, KudrÅ-915) in di -
cat ing a pos si ble in crease of allochthonous or ganic mat ter in
the �lavÅ-2 sec tion. De spite the fact that TOC sig nif i cantly
cor re lates with the biogenic fac tor in all three sec tions, there is
a dif fer ence be tween the ar range ment of sec tions ac cord ing
to in creas ing me dian scores of the biogenic fac tor (Vin -
dûiñnai-136, KudrÅ-915, �lavÅ-2) and their ar range ment ac -
cord ing to in creas ing me dian per cent age of OM (Vin -
dûiñnai-136, �lavÅ-2, KudrÅ-915). How ever, the com mon fea -
ture is that both in di ces are low est in the Vindûiñnai-136 sec -
tion. Be sides, there are sim i lar i ties be tween the in ter vals of
ob vi ous in crease of OM and the rel a tive mag ni tude of biogenic 
fac tor score in the sec tions: in all in ter vals of �lavÅ-2 with OM
> 10% (Š3 – 3.6–3.8 m; part of Š4), the biogenic fac tor has the
high est scores; in al most all in ter vals of KudrÅ-915 with OM >
10% (K4 – 83.9–84.7 m; part of K3, K7, K8), the biogenic fac -
tor ex ceeds the terrigenous fac tor; in in ter val V6
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(155.6–156.2 m) of the Vindûiñnai-136 sec tion in clud ing the
max i mum of OM (6.47%), the biogenic fac tor scores are the
high est or in sec ond place. The in ter vals ob tained by the sec -
ond method are usu ally wider. 

The rel a tive im por tance of each type of sed i men ta tion in
each sec tion can be es ti mated ac cord ing to the de scend ing or -
der of me dian fac tor scores (MFS) of each fac tor: authigenic
(MFSa), terrigenous (MFSt) and biogenic (MFSb). In the
�lavÅ-2 sec tion the ar range ment is MFSb > MFSt > MFSa, in
Vindûiñnai-136 it is MFSt > MFSa > MFSb, and in KudrÅ-915 it
is MFSa > MFSb > MFSt. So, the main geo chem i cal pe cu liar i -
ties of the �lavÅ-2 sec tion are de ter mined by the pro por tion of
biogenic and terrigenous com po nents, in Vindûiñnai-136 by the 
pro por tion of terrigenous and authigenic com po nents, and in
the KudrÅ-915 sec tion by the pro por tion of authigenic and
biogenic com po nents. 

The pro por tion be tween authigenic and terrigenous frac -
tions has been found to in flu ence sed i ment mag netic prop er ties 
(Nolan et al., 1999; Geiss et al., 2003). When in ves ti gat ing Ho -
lo cene lake sed i ment re cords, Geiss et al. (2003) ap plied a bi -
modal mix ing model that links authigenic and terrigenous mag -
netic min er als to palaeoenvironmental changes. They showed
that when de po si tion of terrigenous ma te rial is low, sed i ment
mag netic sus cep ti bil ity is low and is re lated mainly to authigenic 
min er als, while el e vated in put of terrigenous ma te rial in dry pe -
ri ods usu ally causes its in crease.  

How ever, the re sults of this re search con flict with the
model of Geiss et al. (2003): me dian val ues of MS in crease in
the same or der as me dian scores of the authigenic fac tor, i.e.
from older to youn ger de pos its: �lavÅ-2 (Early Pleis to cene),
Vindûiñnai-136 (Vindûiñnai Inter gla cial), KudrÅ-915 (Turgeliai
Inter gla cial). The ex pla na tion could be that the model of Geiss
et al. (2003) was ap plied only to Ho lo cene de pos its, while the
palaeolake de pos its re searched here are of inter gla cial age.
There fore, the dif fer ent chem i cal com po si tion of de pos its un -
der ly ing the inter gla cial strata seems to have greater in flu ence 
on MS than does the na ture of sed i men ta tion. For ex am ple, in
the Daumantai-1 sec tion MS val ues are lower than in the
�lavÅ-2, Vindûiñnai-136 and KudrÅ-915 sec tions (in some in -
ter vals they are neg a tive), this pat tern may be ex plained by in -
tense weath er ing and a high con tent of quartz (Baltrñnas et
al., 2013a). The avail able data on the MS of the youn ger de -
pos its of the ButÅnai Inter gla cial shows the am pli tude of their
mag netic sus cep ti bil ity vari abil ity to be the larg est. Based on
this ev i dence, it can be pre sumed that the in crease in MS was
as so ci ated with the in crease in mag ne tized par ti cles in the
youn ger inter gla cial lac us trine de pos its whose terrigenous
por tion was gen er ated by re work ing of less weath ered glaci -
genic ma te rial. 

Other re sults from this re search also con tra dict the model of 
Geiss et al. (2003): in the �lavÅ-2 and Vindûiñnai-136 sec tions,
MS has the high est sig nif i cant Pearson cor re la tion co ef fi cient
with the biogenic fac tor, while in the KudrÅ-915 sec tion it cor re -
lates with the authigenic fac tor, but not with the terrigenous fac -
tor. In the �lavÅ-2 and Vindûiñnai-136 sec tions, MS sig nif i cantly 
cor re lates not only with Fe, but also with the spe cific el e ments
S, Br and As that are re lated to or ganic mat ter, while in
KudrÅ-915 it cor re lates with the spe cific authigenic el e ments
Mn and P.

Cor re spon dence anal y sis of the main peaks of MS and
other vari ables shows a lower in flu ence of terrigenous fac tor on
MS than ex pected. 

In the �lavÅ-2 sec tion, most of the MS peaks (P3, P5–P9)
cor re spond to peaks of TOC or of the biogenic fac tor, and some 

of them (P7, P8) also cor re spond to peaks of TIC (or TIC peaks
are slightly above MS peaks P5, P6; Fig. 11). Cor re la tion of MS
with the authigenic fac tor is sig nif i cant, while that with the
terrigenous fac tor is in sig nif i cant. 

Gen er ally sim i lar pat terns are seen in the Vindûiñnai-136
sec tion: MS peaks P1, P3, P7 cor re spond to peaks of biogenic
fac tor or TOC, while MS peaks P2, P4, P5, P6 are close to
these, and MS peaks P5, P6, P7 cor re spond to peaks of TIC,
and other MS peaks are close to TIC peaks (Fig. 12). How ever,
in the up per part of this sec tion the in flu ence of terrigenous ma -
te rial on MS is ob vi ous (MS peaks P7, P8 cor re spond to peaks
in the terrigenous fac tor; MS peaks P6, P5 are close to them). A 
lower cor re spon dence of MS peaks and peaks of biogenic fac -
tor or TOC in the Vindûiñnai-136 sec tion can be ex plained by
very low con tents of or ganic mat ter com pared to other sec tions. 
Not only an authigenic, but also a terrigenic fac tor is sig nif i cantly 
cor re lated with MS in this sec tion. 

KudrÅ-915 is char ac ter ized by quite dif fer ent pat terns (Fig.
13): MS peaks P2, P3, P4, P5, P7, P9, P11 cor re spond to
peaks of the authigenic fac tor or of TIC, and P6, P8, P10 are
near to them. Be sides, MS peaks P3, P4, P7, and P8 cor re -
spond to peaks of TOC and peak P5 is close to it. How ever, cor -
re la tion of MS with the biogenic fac tor as well as with the
terrigenous fac tor is in sig nif i cant. 

In search of a pos si ble ex pla na tion of dis agree ment with the 
model of Geiss et al. (2003) a close look at the fac tor load ing
ma trix was made. It turned out that Fe (the min er als of which
pre de ter mine MS) has sig nif i cant pos i tive load ings on all fac -
tors: the high est (0.634) on authigenic, lower (0.384) on
terrigenous and the low est (0.364) on the biogenic fac tor. This
im plies that Fe can be re lated to dif fer ent sed i men ta tion modes
in clud ing a terrigenous one. The ex pla na tion of the MS re la tion -
ship with the authigenic fac tor and TIC can be based on the
multi-el e ment com po si tion (Ca, P, Mn, Mg, Br, Fe) of the
authigenic fac tor. The authigenic fac tor can there fore in clude
not only weakly-mag netic CaCO3 which re duces MS val ues, but 
also other dif fer ent authigenic min er als: Fe-Mn oxyhydroxides,
phos phates (vivi an ite), sid er ite. Geiss et al. (2003) have found
authigenic sid er ite in some ho ri zons which may be char ac ter -
ized by high MS. It is quite pos si ble that due to these other
authigenic min er als, MS in creases even more than due to
terrigenous min er als. 

Our re search shows an in crease of MS also in biogenic de -
pos its, de spite the well-known non-mag netic prop er ties of or -
ganic mat ter and the state ment of Geiss et al. (2003) that in -
crease in OM leads to anoxic sed i ment con di tions and redu -
ctive dis so lu tion of iron ox ides. How ever, authigenic min eral for -
ma tion can be caused not only by abiotic, but also by bi otic pro -
cesses (Geiss et al., 2003). So, an in crease in the biogenic fac -
tor and TOC can cause bi otic pro cesses of authigenic min eral
for ma tion, e.g. magnetotactic bac te ria pro duce nar rowly sized
sin gle-do main (SD) mag ne tite (Petersen et al., 1986). More -
over, MS de pends also on the size of mag netic min er als, there -
fore terrigenic sed i ments which are usu ally coarse-grained
have higher con cen tra tions of mag netic min er als than or ganic
mat ter or authigenic sed i ments which are usu ally fine-grained
(Geiss et al., 2003). How ever, two state ments by Geiss et al.,
(2003) are con sis tent with the ex pla na tion of our find ings of MS
re la tion ship with the biogenic fac tor and TOC in the �lavÅ-2 and 
Vindûiñnai-136 sec tions: 

1 – an authigenic fine-grained (sin gle-do main) com po nent
may oc cur through out the en tire re cord and may be de -
tected only when terrigenous in put into the lakes is low; 
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2 – dur ing reductive dis so lu tion of iron ox ides, ini tially,
smaller par ti cles are pref er en tially re moved lead ing to a
coars en ing of the mag netic com po nent (there fore an in -
crease in MS); 

3 – shal lower and better ox y gen ated re gions tend to be
more mag netic than deep-wa ter de pos its. 

So, in crease of MS in these two sec tions might be ex plained 
mainly by shal low lake con di tions and low in put of terrigenic
ma te rial, and also by prob a ble coars en ing of the mag netic com -
po nent due to par tial reductive dis so lu tion of iron ox ides. Be -
sides, in the up per part of the Vindûiñnai-136 sec tion the in flu -
ence of the terrigenous com po nent in creases and it ob vi ously
over shad ows the biogenic com po nent (P7 peak of MS). 

CONCLUSIONS

1. Based on palaeomagnetic data, the lac us trine sed i ments
of the �lavÅ-2 out crop were slowly de pos ited by sed i ment der i -
va tion from the west dur ing the Early Pleis to cene and may be at -
trib uted to the palaeomagnetic Matuyama Chron. The lower part
of the sec tion is dis tin guished by a mixed po lar ity zone which be -
longs to the Jaramillo subchron. This en ables cor re la tion of the
data ob tained with the global palaeomagnetic col umn. 

2. The in crease of mag netic sus cep ti bil ity (MS) in the inter -
gla cial lac us trine de pos its is as so ci ated with an in crease of the
con tent of mag ne tized par ti cles in these de pos its, the terrige -
nous por tion of which was de pos ited by re work ing of glacigenic
sed i ments. Ac cord ing to the el e va tion of MS it is pos si ble to dis -
tin guish the inter gla cial de pos its formed in an en vi ron ment of
glacigenic re lief, i.e. in the ter ri tory of the first gla cier cov er ing
East Lith u a nia. 

3. Geo chem i cal pe cu liar i ties of the �lavÅ-2 sec tion, at trib -
uted to the Early Pleis to cene, are de ter mined by the pro por tion
of terrigenous and biogenic com po nents. The high est me dian
con tents of Ti, Nb, V, Al, Ga, Cr, Th, Y, Pb, Rb com pared to
other sec tions and gen er ally high me dian con tents of Si, Zr, Hf
and Ba in di cate an in flu ence of the terrigenous com po nent,
while the high est me dian con tents of S and Ni and high me dian
TOC value (0.62%) in di cate biogenic in put. Biogenic sed i men -
ta tion is es pe cially pro nounced in the Š3 unit (3.6–3.8 m), the
biogenic fac tor pre vails in the lower part of the sec tion (from 4.8  
to 3.6 m; i.e. in Š1–Š3 units); and terrigenous sed i men ta tion is
dom i nant in the up per part (from 3.3 to 2.4 m; i.e. in the Š5 and
Š6 units).

4. Geo chem i cal pe cu liar i ties of the Vindûiñnai-136 sec tion,
which rep re sents the Vindûiñnai Inter gla cial, are de ter mined by

the pro por tion of terrigenous and authigenic com po nents, the
biogenic com po nent be ing less im por tant. The high est me dian
con tents of Si, Zr, Hf, Ba, Na and gen er ally high me dian con -
tents of Ti, Nb, V, Al, Ga, Cr, Th, Y, Pb, Rb com pared to other
sec tions con firm the in flu ence of the terrigenous com po nent,
while the high me dian of Ca, Mn, P and of TIC (0.20%) and the
high est me dian con tent of Sr in di cate an authigenic in put. The
low est me dian TOC value (0.25%) in di cates the small role of
biogenic sed i men ta tion, though this pre vails in the lower part of
the sec tion (from 160 to 157.8 m; i.e. in the V1–V3 units) and is
also im por tant in the mid dle part (from 156.2 to 153.9 m; i.e. in
the V6–V9 units). How ever, in the in ter val 156.2–157.2 m of the
mid dle part (i.e. in the V5 unit) and es pe cially in the up per part of 
sec tion (from 154 to 146 m; i.e. in units V10–V15) terrigenous
sed i men ta tion clearly pre vailed. 

5. The KudrÅ-915 sec tion, which rep re sents the Turgeliai
Inter gla cial, dif fers greatly from the other two sec tions. The
KudrÅ palaeolake was dom i nated by authigenic sed i men ta tion.
Sig nif i cantly higher con tents of Ca, Mg, Fe, P and TIC (2.64%)
and sig nif i cantly lower con tents of Si, Ti, Al by com par i son with
the other two sec tions, and high scores of the authigenic fac tor,
sup port this in fer ence. Geo chem i cal pe cu liar i ties of this sec tion
are de ter mined by the pro por tion of authigenic and biogenic
com po nents. The high est me dian TOC value (3.89%) shows
the in flu ence of biogenic com po nent, clearly ob served in the in -
ter val 83.9–84.7 m (K4 unit). 

6. The palaeoflora as sem blages in the de pos its stud ied
show that the Turgeliai Inter gla cial was warmer than the
Vindûiñnai Inter gla cial. The older age of Vindûiñnai Inter gla cial
is shown by abun dance of fos sil Plio cene spe cies (Pilularia
pliocenica Dorof., Typha ex gr. pliocenica Dorof., Ranunculus
sceleratoides Nikit., Hypericum cf. tertiaerum Nikit.) and by spe -
cies which were pres ent in north ern and east ern Eu rope only in
the Early Pleis to cene: Sal vin ia aphtosa Wieliczk., Selaginella
tetraedra Wieliczk., Potamogeton perforatus Wieliczk. and
Myriophyllum subspicatum Wieliczk. These first Mid dle Pleis to -
cene interglacials can be at trib uted to the cool est ones marked
by weaker biogenic sed i men ta tion. 
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