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Two sec tions (Daumantai-1 and Daumantai-3) in East Lith u a nia ex pose Early-Mid dle Pleis to cene lac us trine-al lu vial, de pos -
its which lie on a thin Neo gene layer and on older De vo nian rocks. They are over lain by glacigenic de pos its. Geo chem i cal,
palaeomagnetic, mag netic sus cep ti bil ity, plant macrofossil, and di a tom in ves ti ga tions were per formed to de ter mine the
changes in the sed i men tary en vi ron ment. Clus ter anal y sis of the geo chem i cal vari ables (10 ma jor el e ments, 16 trace el e -
ments, to tal or ganic and in or ganic car bon) re vealed the el e ment groups and fac tors. The low er most units are char ac ter ized
by a ma jor in flu ence of lo cal ma te rial and sig nif i cant fluc tu a tions in heavy min eral con tent. These fluc tu a tions might re flect
short-term cli mate changes. The tran si tional units have more ex pressed trends, es pe cially as re gards the trace el e ments
and Zr/Ti. The up per most units are char ac ter ized by a slight in flu ence of lo cal ma te rial and small fluc tu a tions in trace el e -
ments. The data ana lysed en able the sub di vi sion of the sec tion into units re lated to changes in sed i men tary en vi ron ment.
The bound ary of the Bruhnes/Matuyama re ver sal in the Daumantai-1 and Dauma ntai-3 sec tions was de tected by
palaeomagnetic stud ies and en ables the strati graphi cal cor re la tion of these de pos its.
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INTRODUCTION 

Early-Mid dle Pleis to cene de pos its have been found in cen -
tral and east ern Eu rope in many places (e.g., Yakubovskaya,
1998; Ber, 2000; Makhnach et al., 2001; Lindner et al., 2004,
2006; Ber et al., 2007; Lindner and Marks, 2008; Win ter et al.,
2008). As cer tain ing the po si tions of the Matuyama and
Brunhes chrons in the Belarus Qua ter nary se quence and new
strati graphic re sults in Lith u a nia has en abled re vi sion of the
Eopleistocene stra tig ra phy in this re gion (Early/Lower Pleis to -
cene of West ern Eu rope; Yakubovskaya, 1998; Makhnach et
al., 2001; Lindner et al., 2004). The aim of this study is a de -
tailed anal y sis of the changes in sed i men tary en vi ron ment and
the lo ca tion of the Mid dle-Early Pleis to cene bound ary. For this
pur pose, new data from geo chem i cal (e.g., trace el e ments, or -
ganic and in or ganic car bon), palaeobotanical (plant macro -
remains), palaeomagnetic and mag netic sus cep ti bil ity in ves ti -
ga tions have been used.

The Daumantai and Vetygala ex po sures in the Anykšèiai
dis trict have been stud ied since the first half of the last cen tury

(Dalinkevièius, 1928, 1944; Kaveckis, 1928). These sec tions
were of in ter est be cause the Neo gene-Qua ter nary bound ary
was thought to be pres ent within them. The de pos its of the
Daumantai For ma tion have been re garded by Halicki (1938),

Dalinkevièius (1944) and Vaitiekãnas (1977) as Pre-gla cial or
Pre-Pleis to cene. They have been stud ied us ing palaeo -

botanical (Baltakyt� -Vienožinskien�, 1956; Kondratien�, 1996; 

Kisielien�, 2002), lithological, and petrographic (Klima šauskas

and Prakapait�, 1971; Vaitiekãnas, 1977; Malina uskas, 1985;

Gaigalas, 1987; Narbutas and Uginèius, 2001; Šinkãnas et al.,
2001) meth ods. Palaeomagnetic re sults had not been suc cess -
fully re trieved (Pevzner and Gaigalas, 1976), be cause of the
lim i ta tions of the mea sur ing tech nique. From a strati graphi cal
point of view, the bound ary was sup pos edly lo cated be tween
the Neo gene and ei ther the Pleis to cene – Eoplei stocene

(Kondratien�, 1996) or the Prepleistocene (Gaigalas, 1995;

Baltrãnas, 2002; Satkãnas et al., 2007). Lithological and geo -
chem i cal stud ies al lowed ge netic iden ti fi ca tions and es tab lish -
ment of the hy dro dy namic sed i men tary en vi ron ment rep re -
sented by the de pos its. Nev er the less, the strati graphi cal in ter -

pre ta tion (Kondratien� et al., 2001; Šinkãnas et al., 2001) and
its cor re la tion with the west ern Eu ro pean strati graphi cal di vi -
sions re main prob lem atic. The up per strati graphi cal bound ary
of the Daumantai Stage cor re sponds to the lower limit of gla cial
de pos its, at trib uted to the old est con ti nen tal gla ci ation, dur ing
which ice ex tended as far south as the lat i tude of east ern Lith u -
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a nia (Guobyt� and Satkãnas, 2011). The Daumantai Stage
strata in Lith u a nia are cov ered by gla cial and inter gla cial de pos -
its up to 314 m thick. Around Daumantai, the Qua ter nary de -
pos its are very thin (up to 30 m) and are rep re sented by
glaciolacustrine de pos its of the Kalviai (Menapian) Gla ci ation
and by till of the Nemunas (Weichselian) Gla ci ation (Ta ble 1).

STUDY SITE AND MATERIAL 

The Daumantai-1 ex po sure is sit u ated in north-east Lith u a -
nia, ap prox i mately 5 km from the town of Kavarskas (24°59’ E/
55°26’ N), on the west bank of the Šventoji River, near the vil lage
of Daumantai (Fig. 1). Ap prox i mately 200 m down stream from
the Daumantai-1 ex po sure, de pos its some 6.7 m thick are ex -
posed at Daumantai-3. Near the vil lage of Daumantai, the val ley
of the Šventoji River is in cised into the un du lat ing sur face of a
mo raine pla teau. The val ley slopes are ap prox i mately 28 m high
and ex pose De vo nian, Neo gene and Qua ter nary strata. The
“Pre-Pleis to cene” in ves ti gated de pos its over lie De vo nian and
Neo gene rocks and are cov ered by gla cial de pos its (Kondra -

tien�, 1996; Kondratien� et al., 2001). The Daumantai area is lo -
cated on a sub-Qua ter nary sur face, which reaches 40–60 m
a.s.l., be side the con flu ence of two palaeoincisions (the palaeo -
Šventoji and palaeo-Virinta rivers; Šliaupa, 2004; Fig. 2). The
bot tom of these palaeoincisions is from 18 to 95 m be low sea
level. The sub-Qua ter nary el e va tions are com monly com posed
of Up per Pleis to cene glacigenic de pos its, lo cally cov er ing Neo -

gene and Lower Pleis to cene strata. Mid dle Pleis to cene
glacigenic de pos its mostly oc cur within the palaeo incisions.

 De tailed struc tural, tex tural and compositional in ves ti ga tions

of the Daumantai sec tion were per formed in 2001 (Šin kãnas et

al., 2001; Kondratien� et al., 2001). The stud -
ies en abled the de pos its to be sub di vided
into six units. Re cently ac quired data are
con sis tent with this sub di vi sion (Ta ble 2 and
Fig. 3). From units V, IV and III, 156 sam ples
were col lected for the de ter mi na tion of the to -
tal con tents of ma jor and trace el e ments, to -
tal or ganic car bon (TOC), to tal in or ganic car -
bon (TIC), mag netic sus cep ti bil ity (MS) and
palaeo botanical anal y sis. Unit VI was sam -
pled only for palaeobota nical data to re veal
the vegetational chan ges be cause its pre vi -
ously es tab lished Neo gene (Plio cene) age

(Kondratien�, 1996); it has not been part of
the re cent in ves ti ga tions; the Daumantai-3
ex po sure in cludes Qua ter nary de pos its only
in the up per part of the sec tion (0.0–2.0 m),
these be ing rep re sented by sand of var i ous
grain sizes. At the bot tom of the sand layer
there is an ad mix ture of gravel. Be low the
sand, a layer at 2.0–4.4 m was at trib uted to
the Neo gene and com prises interbedded
silty clay and sandy silt with or ganic mat ter.
This in ter val was sam pled for palaeoma -
gnetic data to con strain the Neo gene/Qua ter -
nary bound ary.

METHODS

De ter mi na tion of to tal con tents of ma -
jor and trace el e ments. El e ment con tents
were mea sured us ing en ergy-disper sive
x-ray flu o res cence (EDXRF) Spectro Xepos
equip ment and the Turboquant cal i bra tion
method, for pressed pel lets. 
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T a  b l e  1

Cor re la tion strati graphi cal scheme for the Qua ter nary of Lith u a nia (by Guobyt�
and Satkãnas, 2011) with Eu ro pean time di vi sions (by Co hen and Gibbard, 2011)

Fig. 1. Map of the area in ves ti ga ted



De ter mi na tion of the TOC and TIC. For de ter mi na tion of to -
tal car bon, liquiTOC equip ment was used. This de ter mi na tion is
based on the high-tem per a ture ox i da tion method (Tiessen and
Moir, 1993). The sam ple is ashed at a tem per a ture not less than
+900°C and the con cen tra tion of the CO2 is mea sured by
non-dis persed in fra red de tec tor (NDIR). The mass of the milled
subsample used for this anal y sis was 70–800 mg. For the daily
qual ity con trol be fore start ing the mea sure ments, the car bon
con tent of CaCO3 was mea sured (it is 12% C). Some of the sam -
ples were mea sured re peat edly. The TOC was de ter mined in the 
same man ner, but be fore the anal y sis, the in or ganic car bon was
elim i nated from the ho mog e nized subsample us ing 0.5 M HCl.
The TIC was cal cu lated as the dif fer ence be tween to tal car bon
and the TOC. All of the re sults were ex pressed as per cent ages. 

De ter mi na tion of mag netic sus cep ti bil ity. The mass mag -
netic sus cep ti bil ity (m3/kg) of the 156 sam ples from the
Daumantai-1 sec tion was mea sured at the In sti tute of Ge ol ogy
and Ge og ra phy, Na ture Re search Cen tre by a kapabridge
MFK-1B (AGICO Czech Re pub lic); the vol ume mag netic sus -
cep ti bil ity of 26 sam ples from the Daumantai-3 sec tion in Pol ish
Geo log i cal In sti tute – Na tional Re search In sti tute was mea sured
by a kapabridge KLY-2 (AGICO Czech Re pub lic). The lat ter data 
were re cal cu lated for a 10-g sam ple size. For each sec tion, a di a -
gram of mag netic sus cep ti bil ity ver sus depth was con structed. 

Palaeomagnetic in ves ti ga tions. The nat u ral remanent
mag net ization of 24 sam ples from the Daumantai-1 sec tion and 
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Fig. 2. Palaeoincisions in the sub-Qua ter nary sur face
 near Daumantai (by Šliaupa, 2004)

T a  b l e  2

Short de scrip tion of the Daumantai-1 sec tion

Depth of the
lower bound aries
of the lay ers [m]

Short de scrip tion ac cord ing to Kondratien� et al. (2001)
No 

of units*

2.20 till brown with gravel, peb bles and boul ders –

2.90 silt yel low ish grey, fine-grained, mas sive and slightly wavy-lam i nated III

4.00 silt green ish grey, fine-grained, mas sive, with or ganic mat ter III

6.05 silt brown ish grey, fine-grained, mas sive and mi cro-lam i nated III

6.80 sand white, very fine-grained, wavy-lam i nated III

7.80 silt light grey, coarse, mas sive, the bed is in clined to the di rec tion of 330° III

8.60 sand grey, fine-grained, wavy lam i nated, the bed is in clined to the di rec tion of 320° III

9.55 hor i zon tal interbedding of gray ish-brown silt with brown ish-grey very fine-grained sand III

10.50 silt gray ish-brown, fine-grained, mas sive III

12.80 hor i zon tal interbedding of gray ish-brown silt, fine-grained, laminas of 2–5 cm thick,
with white very fine-grained sand IV

13.40 sand white, mid dle-grained, with in dis tinct rip ple marks IV

15.00 sand white, fine-grained, rip ple and wavy bed ded with rare silt laminas IV

15.95 sand grey and light grey, very fine-grained and fine-grained,
wavy bed ded with lamina thick ness of 0.2–1.0 cm IV

17.45 sand gray ish-white, fine-grained, fine wavy bed ded with silt lamina of 10 cm thick
IV

V

17.75 sand grey, var i ous-grained with mid dle-grained pre vail ing with or ganic ad mix ture, 
the bed has a shape of lens and is in clined to the direction of 340° V

19.15 sand grey, mid dle-grained pass ing to fine-grained up wards with silt laminas of 3–5 cm thick V

19.95 sand brown due to li mo nite pig men ta tion, var i ous-grained with fine-grained pre vail ing, rip ple
and subhorizontally bed ded, the bed is in clined with dip an gle of 20° to the di rec tion of 340°

VI, Neo gene
(Plio cene)

20.45 silt gray ish-brown with fine-grained sand laminas VI, Neo gene
(Plio cene)

24.40 sand yel low ish white and grey, with li mo nite pig men ta tion, 
fine-grained, hor i zon tally lam i nated and rip ple bed ded

VI, Neo gene
(Plio cene)

25.40 sand stone yel low ish-brown, rocky De vo nian

* –  units are ac cord ing to Šinkãnas et al. (2001)



of 26 sam ples from the Daumantai-3 sec tion was mea sured us -
ing a JR-6 spin ner mag ne tom e ter at the Pol ish Geo log i cal In sti -
tute – Na tional Re search In sti tute. The 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 of the sam ples were sub jected to stepwise al ter nat -
ing field (AF) de mag neti za tion. The re sults of the de mag neti za -

tion of the sam ples were ob tained as ste reo graphic pro jec tions,
Irm/Inrm and x,y,z pro jec tions. 

Plant macroremain anal y sis. From the lay ers se lected, 20 
sam ples were ex am ined for plant macroremains. Each sam ple
cov ers an in ter val of up to 5–10 cm. Only 13 sam ples con tained
plant macroremains. These have been ex tracted from the sed i -
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Fig. 3.  Parts of the Daumantai-1 (A, B, C, D) and Daumantai-3 (E) sec tions

 Photo by B. Karmaza (A–D) and P. Šinkãnas (E)



ment sam ples (7–10 l in vol ume) by wet siev ing (screens with
mesh sizes of 0.2 and 0.5 mm). The iden ti fi ca tion of the ma te -
rial col lected was based on Berggren (1969, 1981), Grigas
(1986) and Cappers et al. (2006) in con junc tion with the ref er -
ence col lec tion at the In sti tute of Ge ol ogy and Ge og ra phy, Na -
ture Re search Cen tre, Vilnius. The plant macroremains are
shown in a di a gram as var i ous iden ti fied spec i mens/sed i ment
vol umes; the bo tan i cal no men cla ture fol lows that de scribed in
Gudžin skas (1999).

Di a tom in ves ti ga tions. For the di a tom anal y sis, 40 sam -
ples from all lithological  units were taken. The di a tom frustules
were ex tracted from the sed i ments in the con ven tional man ner
de scribed by Battarbee (1986) and by Miller and Flo rin (1989).

STRUCTURAL, COMPOSITIONAL AND
CHRONOLOGICAL CHARACTERISTICS 

OF THE DAUMANTAI-1 SECTION

GEOCHEMICAL RESULTS

Com par i son of units. The rel a tive me dian con tent of Si de -
creases up wards from unit III to unit V, while con tents of the other 
nine ma jor el e ments, the TOC, TIC and all 16 trace el e ments in -
crease (Fig. 4A). For most chem i cal el e ments, the in crease in

the rel a tive me dian con tent from unit IV to unit III is more pro -
nounced than that from unit V to unit IV (Fig. 5A). The lower two
units (V and IV) are also char ac ter ized by low TIC con tent. The
Ca and Mg con tent in these two units is ex tremely low. Also in the 
two lower units, there was noted the larg est quan tity of sam ples
with Na con tent be low the de tec tion limit. 

The high est co ef fi cients of vari a tion of most of the ma jor and 
trace el e ments (17), as well as of the TIC and TOC, are in unit
V; only eight el e ments (Na, P, Zn, Sr, Mn, Zr, Hf, Y) are char ac -
ter ized by the high est co ef fi cients of vari a tion in  unit IV and one
(Si) in unit III (Fig. 4B). The co ef fi cients of vari a tion of the 17
vari ables de crease up wards and are the low est in unit III. The
high est co ef fi cient of vari a tion val ues in unit V are the re sult of
three silt interlayers, which are en riched in all chem i cal el e -
ments ex cept Si. The con tent of or ganic car bon in creases in
these interlayers as well. The TIC, which re flects the car bon -
ates, is el e vated only in the interlayer at a depth of 17.15 m. 

Dis tri bu tion of the fac tor scores and ra tios of el e ments.
The three fac tors that were dis tin guished ac cord ing to 28 vari -
ables (10 ma jor el e ments, 16 trace el e ments, TIC and TOC) ex -
hibit as so ci a tions sim i lar to those in the dendrogram (Fig. 6).
The scores of two dif fer ent main fac tors were com pared: F1mc
dis tin guished ac cord ing to 12 vari ables and F1all dis tin guished
ac cord ing to 28 vari ables. The vari a tion of these scores is very
sim i lar; more dis tinct cy cles be ing iden ti fied in the up per two
units. The dis tri bu tion of the scores of F2all slightly dif fers from
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Fig. 4. Geo chem i cal com par i son of the units

A – nor mal ised me dian con tents of el e ments and me dian TOC and TIC con tents in units; Med-V(39)/Av, Med-IV(51)/Av,
Med-III(66)/Av are nor mal ised me dian con tents in  units (nor mali sa tion means di vid ing by av er age value in the in ter val ana lysed; the
num ber of sam ples is in pa ren the ses); B – co ef fi cients of vari a tion: VK-V – in  unit V, VK-IV – in  unit IV, VK-III – in  unit III; log a rith mic
scale is used



the dis tri bu tions of F1mc and F1all. The dis tri bu tions of the
scores of fac tors F2mc and F3all are also very sim i lar. 

The dis tri bu tion pat tern of Al/Si (Fig. 7) is very sim i lar to the
dis tri bu tion pat tern of F1all (Fig. 8). This sim i lar ity is quite nat u -
ral be cause Si has the most neg a tive load ing and Al the most
pos i tive load ing on F1all. The dis tri bu tion pat tern of Ca/Zr is
anal o gous (Fig. 7). The dis tri bu tion of Zr/Ti dif fers from the dis -
tri bu tion of all three fac tors, in clud ing F2all.

Be cause of the in for ma tion con tained in the dis tri bu tion pat -
tern of the F1all scores, 11 bound aries and 12 units were dis tin -
guished ac cord ing to this vari able, which has a dis tri bu tion sim i -
lar to the Al/Si ra tio. Af ter this sub di vi sion of the sec tion in each
unit, the dis tri bu tion of the other seven vari ables has been ana -
lysed: F2all, F3all, TOC, TIC, MS, Ca/Zr and Zr/Ti. The re la tion -
ship be tween F1all and F2all has also been taken into ac count.

CORRELATION OF MAGNETIC SUSCEPTIBILITY
WITH CHEMICAL ELEMENTS 

AND ITS DISTRIBUTION

In the Daumantai-1 sec tion, the cor re la tion of the mag netic
sus cep ti bil ity (MS) with al most all of the chem i cal el e ments, ex -

cept Si, is sig nif i cant and pos i tive (p < 0.001 for all el e ments and 
0.05 > p > 0.001 for As); only with Si is the cor re la tion sig nif i cant
(p < 0.001) and neg a tive (–0.93). 

In the lower two units (V and IV), the me dian val ues of mass
mag netic sus cep ti bil ity are neg a tive: –5.9 × 10–9 cm3/g and –3.4 
× 10 –9 cm3/g, re spec tively. The up per unit is char ac ter ized by a

pos i tive me dian MS: 15.4 × 10–9 cm3/g. 
The dis tri bu tion pat tern of the MS in the Daumantai-1 sec -

tion is very sim i lar to the dis tri bu tion pat tern of Fe, Ti (Fig. 5)
band the other chem i cal el e ments with pos i tive load ings on the
first fac tor F1all. The peaks of the scores of this fac tor are of ten
at the same depth where the MS has a pos i tive peak.

There are only four sam ples in the lower unit (V) where the
MS > 0 (Fig. 5). The sam ples are from the three pre vi ously
men tioned silt interlayers, and the dis tri bu tion pat tern of the rel -
a tive con tent of Fe and Ti, re veals three peaks at these lev els.

The per cent age of the sam ples where MS > 0 in creases in
the up per units: 33.3% in unit IV and 72.7% in unit III. There are
co in cid ing peaks of Fe and Ti at depths of 13.5 and 12.75 m;
how ever, there is only an Fe peak but not a Ti peak at a depth of 
14.5 m. The peaks of Fe more or less co in cide with peaks of Ti
in the lower part (6.0–10.6 m) of unit III. The up per part
(2.3–6.0 m) of unit III with silt has a MS > 0; the MS ranges from
18.5 × 10–9 to 36.7 × 10–9 cm3/g.
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Fig. 5. Dis tri bu tion of to tal or ganic car bon (TOC), to tal in or ganic car bon (TIC),
mag netic sus cep ti bil ity (MS) and rel a tive con tent of Fe and Ti



RESULTS OF PALAEOMAGNETIC AND MAGNETIC
SUSCEPTIBILITY STUDIES

In the Daumantai-1 sec tion at a depth of 16.5 m, the
Brunhes/Matuyama mag netic re ver sal chron bound ary
(0.78 Ma) was de ter mined. This bound ary was fixed in the
nearby Daumantai-3 ex po sure at a depth of 2.1 m. In the
Daumantai-3 ex po sure, at a depth of 3.0 m, the Jaramillo sub -
chron (0.99–1.07 Ma) in the Matuyama chron was also de ter -
mined (Figs. 9 and 10). The re cently ob tained data may be re -
lated to those of Rich mond (1996), Gibbard and Kohen (2008)
and Co hen and Gibbard (2011).

An ex am ple of pro gres sive al ter nat ing-field (AF) de mag ne -
ti za tion be hav iour is  shown on the or thogo nal plots and equal-
 area pro jec tions in Fig ure 9. As the nat u ral remanent mag ne ti -
za tion (NRM) in ten si ties be fore de mag ne ti za tion are on the or -
der of 10–4 A/m, the sam ples can be re li ably mea sured with the
JR-5 spin ner mag ne tom e ter from AGICO.

The stepwise AF de mag neti za tion por trays two kinds of
over prints in the sam ples from the Daumantai-1 sec tion. All of
the sam ples con tained a small coercivity com po nent, re moved
in a field of ap prox i mately 10 mT. The sec ond com po nent was
re moved in a field of ap prox i mately 30 mT. The re sults of de -
mag neti za tion dem on strate that all of the sam ples from the up -
per part of the Daumantai-1 sec tion have a nor mal-po lar ity di -
rec tion and one sam ple from the lower part rep re sents a re -
versed po lar ity di rec tion. All sam ples from the lower part of
Daumantai-3 sec tion, by con trast, have re versed-po lar ity di rec -
tions and one sam ple from the up per part rep re sents nor -
mal-po lar ity. 

RESULTS OF PALAEOBOTANICAL 
RESEARCH

Three plant macroremain zones (PMRZ) were iden ti fied in
the Daumantai-1 sec tion (Fig. 11). The palaeocarpological  as -
sem blages are poor in macroremains as well as in vari abil ity of
taxa.

The iden ti fied macroremains of the PMRZ 1a-m;
20.05–21.25 m (unit VI), con sists of heterosporic plants (i.e.,
Sal vin ia glabra Nikit., S. intermedia Nikit., S. aphtosa Wieliczk.,

Az ol la pseudopinnata Nikit.), which is char ac ter is tic of the Plio -
cene. Thus, the Plio cene macroflora con sists of ex tinct spe cies
mainly rep re sent ing the com mu nity of a shal low wa ter ba sin.
Typ i cal for est zone plants are not pres ent. Only nee dles of
Pinus have been found. The old spe cies Sal vin ia glabra and Az -
ol la pseudopinnata (PMRZ 1b-m) are also pres ent in the thin
layer of sandy silt at a depth of 16.20–16.55 m (unit IV). They
are ac com pa nied by Selaginella selaginoides Link. This spe -
cies is com mon in the ini tial and fi nal stages of Pleis to cene
interglacials and interstadials, when the cli ma tic con di tions
were cool. The spe cies of Sal vin ia de mand warmer en vi ron -
ments. Thus, the pos si bil ity that megaspores of an ex tinct spe -
cies were washed into this layer can not be ex cluded. Ac cord ing
to the pre vi ously com piled palynological data, tree pol len (AP)
constitues as much as 70–80% of to tal pol len sum (pre dom i -
nantly Pinus). The Neo gene el e ments such as Taxodium,
Sciadopitys and Pinus Haploxylon type, as well as sin gle grains
of Tsuga, Juglandaceae, Nyssa, Celtis, Ostrya and Myrica etc.,

are also pres ent in this part of the sec tion (Kondratien�, 1996). 
The palaeoflora of PMRZ 2-m; 8.6–12.8 m is char ac ter ized

by a dom i na tion of Az ol la interglacialis Nikit megaspores and
the spo radic re mains of ex tant plants, such as Sal vin ia natans
(L.) All., Alisma plantago-aquatica L. and Pinus sp. The pau city
of plant macroremains does not al low for pre cise reconstruction 
of the en vi ron men tal con di tions, when sed i men ta tion of this part 
of the sec tion was tak ing place.

Ac cord ing to the pol len and spore data, co nif er ous taxa still
pre vail in the sec tion, but a higher amount of broad-leaved pol -
len oc curs in the de pos its stud ied, with the pres ence of Quercus 
(up to 12%), Tilia (up to 3%), Ulmus, Acer, Fagus, Pinus

Haploxylon type and oth ers (Kondratien�, 1996). 
The PMRZ 3-m: 3.43–7.60 m is sig nif i cantly richer in plant

macroremains. A vari abil ity of spe cies is char ac ter is tic of this
flora (i.e., el e ments of dif fer ent age are pres ent in the same lay -
ers). Some ex tinct spe cies com ing from the Plio cene (Ranun -
culus sceleratoides Nikit. et Dorof., Elatine hydropiperoides
Dorof. et Wieliczk.) as well as the Pleis to cene spe cies (e.g.,
Sparganium hyperboreum Laest., Eleocharis palustris L.,
Lycopus europaeus L., Potamogeton filiformis Pers., P. rutilus
Wolfg., P. pussilus L., Ranunculus gmelini DC.) are pres ent.
The plant macrofossils de ter mined in di cate slightly cool con di -
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Fig. 6. Clus ter anal y sis dendrogram of mag netic sus cep ti bil ity and geo chem i cal vari ables



tions, sim i lar to the pres ent-day cli mate. A ma jor part of the flora 
is com posed of a eurythermic spe cies, which be longs to a
group of plants typ i cal of stag nant or slowly flow ing wa ter. The
re mains of trees in di cate that mixed co nif er ous and de cid u ous
woods had grown there, dom i nated by co ni fers with some
Betula and Alnus.The palynological data sug gest the pres ence
also of Quercus, Ulmus, Tilia, Carpinus and Corylus (Kondra -

tien�, 1996).
Di a toms were ana lysed from the sed i ment in ter val 3–22 m

depth (units III–VI). The sed i ments are very poor in di a toms,
and only sin gle frustules were ob served. From the 40 sam ples
ana lysed, only 12, oc cur ring at dif fer ent depths, con tain di a -
toms. Rep re sen ta tives of the gen era Fragilaria, Pinnularia,
Navicula, Nitzschia, Aulacoseira and Cyclotella are the most
com mon. Some ex tinct spe cies, such as Paralia sulcata,
Paralia sulcata var. crenulata and Stephanopyxis turris, are
pres ent, as well as some brack ish wa ter spe cies (e.g., Cocco -
neis scutellum, Actinoptyhus un du lates), in di cat ing re-de po si -
tion of the sed i ments. Pos si bly, the vari able sed i men ta tion con -
di tions were not fa vour able for the growth of di a toms. 

The fos sil flora of the Daumantai-1 sec tion is not very rich in
spe cies, and at some in ter vals lacks palaeobotanical data com -
pletely. Our stud ies only per mit par tial re con struc tion of the past 
veg e ta tion and en vi ron men tal changes. Nev er the less, ac cord -
ing to pre vi ous pol len stud ies (Kondratien�, 1996; Kondratien�
et al., 2001) and re cent in ves ti ga tions it could be con cluded that 
the up per part of the sec tion dif fers from the re main der. There
are more fea tures of a periglacial land scape in its com po si tion:
the prev a lence of non-ar bo real pol len; the rich est vari abil ity in

herb spe cies com po si tion; the larg est num ber of kserophytes;
the prev a lence of Betula up to 80% (in clud ing Betula nana) and
Salix (up to 25%) among ar bo real taxa; the prev a lence of
Sphag num among the spores; the ap pear ance of rep re sen ta -
tives of sub arc tic flora such as Selaginella selaginoides L.
(Link). The new spe cies Selaginella tetraedra Wieliczk., Pota -
mogeton perforatus Wieliczk. and Myriophyllum subspicatum
Wieliczk. in stead of the ex tinct ones men tioned above, have
been de tected there as well. Con se quently, the flo ral com po si -
tion of the up per part of the sec tion is char ac ter is tic of open
land scapes with shrub and herb com mu ni ties and in di ca tors a
cli mate colder than to day. Ac cord ing to the pol len and plant
macrofossil data, the Neo gene/Qua ter nary bound ary may pro -
vi sion ally be fixed at the in ter val of 17–18 m, be cause of the
above men tioned fea tures and the abun dance of spe cies char -
ac ter is tic of the Neo gene (Kondratien� and Riškien�, 1971;
Velichkievich, 1982)

DISCUSSION

GEOCHEMICAL DIFFERENCES 
OF UNITS V, IV AND III

The lower units (IV, V), rep re sented by sand, con sist mainly
of quartz; the ad mix ture of or ganic mat ter, car bon ates, sul -
phides and non-quartz sil i cate min er als is very low. How ever,
the ad mix ture greatly in creases in the up per unit. The high Si

52 V. Baltrãnas, R. Zinkut�, V. Šeirien�, V. Katinas, B. Karmaza, D. Kisielien�, R. Taraškevièius and L. Lagunavièien�

Fig. 7. Dis tri bu tion pat tern of sev eral el e ment ra tios



con tent, es pe cially in unit V, is ex plained by the high quartz con -
tent be cause the un der ly ing De vo nian and Neo gene de pos its in 
the study area are rep re sented by sand with a high quartz con -
tent. Ac cord ing to the dis tri bu tion pat tern of the min er als in the
0.1–0.2 mm frac tion of the Daumantai-1 sec tion de scribed by

Šinkãnas et al. (2001), the quartz con tent ex ceeds 78%. The
up wards de crease of Si from unit V to unit III and the in crease of 
most other chem i cal el e ments is the re sult of a de crease in the

quartz con tent and an in crease in the ad mix ture of the other
min er als, which is also the re sult of a de crease in av er age grain
size in the units. This in ter pre ta tion is in ac cord with the li thol ogy 

of the sec tion and with the re sults of Šinkãnas et al. (2001). 
The high per cent age of sam ples with con tents of Ca, Mg, S

and Na less than the de tec tion limit in the two lower units  in di -
cates their sig nif i cant weath er ing. 
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Fig. 8. Sum mary chart of palaeoenvironmental changes, 
based on all data ob tained from the Daumantai-1 sec tion



The up wards in crease in TOC and TIC and in the con tent of
all chem i cal el e ments (ex cept Si) pos si bly re sults from the in put 
of new ma te rial from a less-weath ered source and more fa vour -
able con di tions for the set tling of or ganic mat ter and car bon ates 
in calmer conditions. Thus, two fac tors in flu enc ing the dis tri bu -
tion pat tern in the sec tion can be es tab lished: 1) the ra tio of the
lo cal strongly weath ered and the dis tant less-weath ered ma te ri -
als and 2) cur rent speed. 

Ac cord ing to the av er age val ues of the geo chem i cal data,
the two lower units (IV and V) are sim i lar, and the up per unit (III)
dif fers greatly from them. 

The high est vari a tion co ef fi cient val ues in  unit V can be ex -
plained by silt interlayers with el e vated con tents of clay, or ganic
mat ter, sulphides, and, to an ex tent, car bon ates. 

VARIATION IN MAGNETIC 
SUSCEPTIBILITY (MS)

The mag netic sus cep ti bil ity of rocks may be con trolled by
para mag netic min er als, of ten by fer ro mag netic min er als and

much less fre quently by dia mag netic min er als (Hrouda et al.,
2009). 

An in crease in MS from unit V to unit III in the Daumantai-1
sec tion can be re lated to a de crease in quartz, which has rel a -
tively lit tle MS; these op po site ten den cies also ex plains the neg -
a tive cor re la tion of MS with Si. The higher cor re la tion co ef fi cient 
of MS with Al, Mg, K, Th, Rb, Pb, Ga and Ba com pared with that
with Fe in di cates that the in crease in MS occurs not only in lay -
ers with an el e vated con tent of fer ro mag netic mag ne tite but
also in lay ers with an in creased con tent of mafic sil i cates and
clay min er als. 

The peaks in MS val ues in the silt lay ers of unit V may be
caused by mag ne tite, il men ite or Fe sulphides. The min er al og i -

cal in ves ti ga tions of Šinkãnas et al. (2001) show a sig nif i cant
con tent of il men ite and mag ne tite in units V and IV. Ac cord ing to 
the cor re la tion of MS with chem i cal com po si tion, mag ne tite is
as sumed to be the main rea son for the MS peaks in the lower
unit. The co in cid ing peaks of Fe and Ti at depths of 13.5 and
12.75 m in unit IV sug gest that il men ite pos si bly caused the MS
in crease (Fig. 5). How ever, as there is only an Fe peak but not a 
Ti peak at a depth of 14.5 m, mag ne tite should be the main
cause of this in crease. 
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Fig. 9. Mag netic po lar ity scale from the Daumantai-1 sec tion in clud ing in cli na tion and dec li na tion data, white – re -
versed po lar ity, black – nor mal-po lar ity (A), rep re sen ta tive de mag ne ti za tion data (de mag ne ti za tion track ste reo -
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(closed) sym bols de note up wards (down wards) point ing in cli na tion; Irm/Inrm — nor mal ised in ten sity of remanent
mag ne ti za tion (B) and ste reo graphic plots with palaeomagnetic line-fit di rec tions at spec i men lev els (C)



Ac cord ing to the min er al og i cal in ves ti ga tions of Šinkãnas et 
al. (2001), the con tent of the il men ite and mag ne tite in unit III
de creases from 30 to 5%. By con trast, the con tent of the
non-mag netic or weakly mag netic leu co xene in units V and IV is 
30–40% but in creases from 40% to 60% in unit III. The mafic sil -
i cates are most likely the main rea son for the el e vated MS in the 
up per part of unit III.

FACTORS AND ELEMENT RATIOS

Ad vanc ing gla ciers en able lo cal ma te rial to be mixed with
more dis tant ma te rial. To as cer tain the pri mary source ma te rial
(lo cal or dis tant), the ra tio of Al/Si might be use ful in the
terrigenous se quences be cause Si rep re sents quartz and Al
rep re sents clay or other sil i cates. The anal o gous ra tio of
SiO2/Al2O3 re flects grain size, among other things (Bhuiyan et
al., 2011).

As the lo cal un der ly ing rocks are sig nif i cantly weath ered,
the de gree of weath er ing of the over ly ing part of a sec tion is one 
of the most im por tant in di ces in di cat ing the state of the de pos -
ited ma te rial and en abling more re li able rec og ni tion of its main
source. The ra tios of the mo bile-to-im mo bile chem i cal el e -
ments char ac ter ize the de gree of weath er ing (Muhs et al.,

2008). The Ca/Zr in dex is one of the in di ces in di cat ing the de -
gree of chem i cal weath er ing (Rech et al., 2001).

The ra tios of two im mo bile chem i cal el e ments (e.g., the Ti/Zr
ra tio) help to dis tin guish dif fer ent prov e nance rock types (e.g.,
gran ites have larger Zr/Ti val ues com pared with ba sic ig ne ous
rocks; Scheffler et al., 2006). This ra tio also char ac ter izes
changes in the source of the de tri tal heavy min eral con tent
(Muhs et al., 2008). Dellwig et al. (2000) found that Zr is a more
sen si tive in di ca tor of heavy min er als than is Ti, be cause Ti is to a
larger ex tent bound to clay min er als in ad di tion to the heavy min -
eral frac tion. Thus, an in crease in the Zr/Ti ra tio should in di cate a
greater in flu ence of the heavy min er als com pared with clay.

Fac tor F1all helps to dis tin guish the Si re lated to quartz from 
the chem i cal el e ments re lated to other sil i cates (es pe cially clay
min er als), partly to the TOC and TIC. The sim i lar ity of the dis tri -
bu tion of F1all, Al/Si and Ca/Zr can be ex plained by the fact that
the lo cal ma te rial is both rich in quartz and strongly weath ered.
To con clude, the nec es sary in for ma tion on both ra tios is gen er -
al ised in F1all. The ma jor vari abil ity of quartz and Si (Fig. 4) in
unit III is re flected by the dis tri bu tion pat tern of F1all.

Fac tor F2all, with the main load ings of Zr and Hf, is prob a bly 
re lated to heavy min er als, pri mar ily zir con. F2all might be a fac -
tor of the hy dro dy namic con di tions be cause the main load ings
are formed by el e ments that are of ten re lated to heavy min er -
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Fig. 10. Mag netic po lar ity scale from the Daumantai-3 sec tion in clud ing in cli na tion 
and dec li na tion data

White – re versed po lar ity, black – nor mal-po lar ity
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Fig. 11. Plant macrofossil di a gram from the Daumantai-1 sec tion 

en – endocarp, f – fruit, ms – megaspore, nd – nee dle, s – seed, tg – tegmen



als. The sig nif i cant variabilities of Zr, Hf, P, Mn, Y, Na and Sr in
unit IV (Fig. 4) are re flected in the dis tri bu tion of scores of this
fac tor be cause these el e ments have sig nif i cant load ings of this
fac tor. The joint dis tri bu tion of scores of two fac tors (F1all and
F2all) might pro vide in for ma tion re gard ing the rel a tive in flu ence 
of the heavy min er als in com par i son to the light min er als. When 
only the ma jor el e ments the TOC and TIC are ana lysed, the in -
flu ence of the lo cal strongly weath ered and the dis tant
less-weath ered ma te rial is dif fi cult to dis tin guish from the in flu -
ence of the hy dro dy namic con di tions. Achiev ing this aim is pos -
si ble when the trace el e ments are added and, as a re sult, the
ad di tional fac tor F2all is dis tin guished. There is dif fer ence be -
tween the dis tri bu tions of Zr/Ti and F2all (Figs. 7 and 8), which
are re lated to heavy min er als. Be cause the spe cific grav i ties of
il men ite (4.7) and of zir con (4.6–4.7), which were found dur ing

the min er al og i cal in ves ti ga tions of Šinkãnas et al. (2001), are
sim i lar, the Zr/Ti ra tio weakly re flects the in ten sity of river flow.
Pre sum ably, this ra tio re flects the pro por tion of the heavy min -
er als in the to tal amount of heavy or light min er als, ex cept for
quartz. This pre sump tion is based on the fact that Ti has sig nif i -
cant load ings on both F1all and F2all and Zr only on F2all; this
find ing is sim i lar to that of Dellwig et al. (2000).

Fac tor F3all (S, As, TOC have the great est load ings) is
prob a bly re lated to or ganic mat ter and sulphides. These three
el e ments have the great est load ings of the fac tor F3all, so the
dis tri bu tion pat tern of F3all helps to iden tify the silt interlayers
en riched in or ganic mat ter and sulphides.

SEDIMENTARY ENVIRONMENT

The changes in the rel a tive in put of the lo cal ma te rial com -
pared with the dis tant ma te rial (L/D) are the op po site of the
changes of F1all and Al/Si (Figs. 7 and 8). The changes of L/D
are of course re lated to changes in grain size. This re la tion is
clear be cause the finer the grain-size, the less quartz con tent
and the more con tent of other min er als. How ever, the sud den
de crease of L/D at the bot tom of a unit does not al ways co in -
cides with changes in the grain size (e.g., at the U3/U4, U4/U5
bound aries). Some times, de spite the same grain size, a sud -
den in crease of L/D is ob served (e.g., at the U5/U6 bound ary).
The fol low ing reg u lar ity was found in units U3, U4, U5 and U8:
the sud den de crease of L/D is fol lowed by its grad ual in crease.
This reg u lar ity means that of ten there was a cy cle with a sud -
den in crease in the in flu ence of dis tant ma te rial fol lowed by the
grad ual re turn to a more pro nounced in flu ence of lo cal ma te rial. 
The sit u a tion was dif fer ent in unit U9 when a sud den de crease
in L/D was fol lowed by its grad ual de crease, which in di cates
lon ger in flu ence of the dis tant trans ported ma te rial.

The changes in weath er ing de gree (WD) are very sim i lar to
the changes in L/D. The sud den de crease in L/D at the bot tom
of cer tain units in most cases cor re sponds to the sud den,
though some times grad ual, in crease in MS. The con tents of or -
ganic mat ter or sulphides usu ally also in crease, as in part do
car bon ates.

The 2 low er most units (U1 and U2) are char ac ter ized by a
dominant in flu ence of lo cal ma te rial (L/D vari able) and the large
fluc tu a tions in the con tent of heavy min er als (F2all), in di cat ing
that the hy dro dy namic con di tions were un sta ble. This in sta bil ity 
might be the re sult of short-term cli mate changes. 

By contrast, the up per most four units (U9, U10, U11 and
U12) are char ac ter ized by a lack of in flu ence of lo cal ma te rial

(L/D) and small fluc tu a tions in heavy min er als, (F2all) in di cat ing
that the hy dro dy namic con di tions were sta ble.

The dis tri bu tion pat tern of the Zr/Ti vari able in the up per -
most four units of silt (U9–U12) dem on strates that the pro por -
tion of heavy min er als in the to tal amount of heavy and light
min er als was small and al most con stant. On the other hand, the 
fluc tu a tions of L/D are highly vari able in the up per most four
units; the vari abil ity in light min er als from dis tant sources is sig -
nif i cant. The bound aries be tween the 4 up per most units are de -
ter mined by the high peaks of or ganic mat ter (TOC) or sul -
phides (F3all).

The lower tran si tional units U3, U4, U5, U6 are char ac ter -
ized by small fluc tu a tions of hy dro dy namic con di tions (F2all)
and small fluc tu a tions in the in put of heavy min er als (Zr/Ti) but
also by more dis tinct trends, es pe cially for Zr/Ti, which in -
creases up wards, al though it com monly decreases at the bot -
tom of these units. 

The up per tran si tional units U7 and U8 are char ac ter ized by
the change from small fluc tu a tions to large fluc tu a tions in Zr/Ti
and F2all. Both in U7 and in U8, the Zr/Ti in creases and in di -
cates the short-term vari abil ity of stream flow and its in creas ing
trend. The bound ary be tween U7 and U8 is char ac ter ized by a
de crease in Zr/Ti. 

CONCLUSIONS

1. Analysis of the Daumantai sec tions has elu ci dated
changes in the sed i men tary en vi ron ment dur ing the Early-Mid -
dle Pleis to cene tran si tion and has con strained the lo cal level of
the Early/Mid dle Pleis to cene bound ary.

2. Us ing in for ma tion con tained in the dis tri bu tion pat tern of
the F1all scores, 11 bound aries and 12 units were dis tin -
guished ac cord ing to this vari able, which has a dis tri bu tion
sim i lar to the Al/Si and Ca/Zr ra tio and in di cates sig nif i cant
palaeo environ mental changes (fluc tu a tions in tem per a ture
and hydrodyna mical con di tions, dis tal/lo cal source changes,
weath er ing de gree). 

3. The two low er most units U1 and U2 are char ac ter ized by
a strong in flu ence of lo cal ma te rial and high fluc tu a tions in the
con tent of heavy min er als, in di cat ing that the hy dro dy namic
con di tions were un sta ble. The tran si tional units U3, U4, U5 and
U6 are char ac ter ized by small fluc tu a tions of hy dro dy namic
con di tions and in the in put of heavy min er als. 

4. The up per tran si tional units (U7 and U8) are char ac ter -
ized by change from small fluc tu a tions to large fluc tu a tions of
the in put of heavy min er als and of hy dro dy namic con di tions. 

The up per most 4 units (U9, U10, U11, and U12) are char ac -
ter ized by a small in flu ence of lo cal ma te rial and small fluc tu a -
tions in heavy min er als, in di cat ing that the hy dro dy namic con di -
tions were sta ble.

5. The re sults of the palaeomagnetic in ves ti ga tions and the
de tec tion of the bound ary of the Bruhnes/Matuyama re ver sal
(at the depth of 16.50 m) en able the rec og ni tion of in ter vals re -
fer able to the Early, Mid dle and Late Pleis to cene.

6. In the Daumantai-1 section the clearly ex pressed
lithological and tex tural bound ary at a depth of 19.15 m fix es the 
Neo gene (Plio cene)/Qua ter nary (Pleis to cene) bound ary, which 
is con sis tent with palaeobotanical data. 

7. The de ter mi na tion of those two bound aries en ables the
cor re la tion of the in ter val of 15.5–17.45 m with MIS 19
(760–787 ka; Bruhnes/Matuyama bound ary is 780 ka). In the
rest of the sec tion, the in ter val 2.8–15.5 m pos si bly cor re lates
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with MIS 18, the in ter val 5.3–12.8 m with MIS 17, and the in ter -
val 2.2–5.3 m with MIS 16. 

8. Be low the Bruhnes/Matuyama bound ary in the Dauma -
ntai-1 sec tion and above the Jaramillo subchron (0.99–1.07 ka) 
in the Daumantai-3 sec tion, MIS 20–31 de pos its may be ex -
pected, but the pro cess of iden ti fy ing these is in com plete.
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