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Relatively common trace fossils Gordia, Helminthoidichnites, Galaciichnium, and rare
Cochlichnus, Warvichnium, and curved ridges occur in the Upper Pleistocene varve clays
at BalbieriSkis and Girininkai, S of Kaunas. They occur in single laminae every one or
two decimetre in clayey lamina packages and are absent in laminae rich in carbonates.
It is not clear whether such a distribution resulted from rare occurrences of proper
preservational conditions or from incidental colonization of the lake floor. The trace
fossils are typical of the Mermia ichnofacies. The Cursichnia ichnocoenosis represented
by Glaciichnium and Warvichnium and the Gordia ichnocoenosis (new one) represented
by Gordia and Helminthoidichnites are distinguished. Their dominance suggests that the
study deposits accumulated in the transition from metalimnion to hypolimnion.
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INTRODUCTION

Commonly, trace fossils are the only evidence of
macrofaunal life in sedimentary record, especially
in non-marine siliciclastic facies. This concerns also
varve clays deposited in Quaternary proglacial la-
kes. Occurrence of trace fossils in these sediments
foremost shows that the bottom of the proglacial
lakes was not an arctic desert but was a habitat for
different invertebrate animals. Potentially, the trace
fossils can be used for recognition of lacustrine sub-
facies and climatic changes. Trace fossils are both
sedimentological and palaeontological entities. They
represent potential environmental indicators in the
sequence of glaciolacustrine sediments.

Trace fossils from Quaternary varved clays have
been described or reported from Sweden (HAgbom,
1893, 1915; Andersson, 1897), Germany (Schwarz-
bach, 1938, 1940; Dahm & Otto, 1953; Ludwig,
1963; Hannemann, 1965; Walter, 1985, 1986; Fuchs,

1988; Walter & Suhr, 1998), USA (Tarr, 1935), Aust-
ria (Fliri et al., 1971), Canada (Banerjee, 1973; Gib-
bard & Dreimanis, 1978), England (Gibbard & Stu-
art, 1974); Finland (Gibbard, 1977), and Poland
(Merta, 1980; Skompski, 1991). This is the first re-
port on their occurrence in Lithuania. They were
studied in two sections, at Balbieridkis and Girinin-
kai, S of Kaunas (Figs. 1-3), where the Upper Pleis-
tocene (about 15,000-14,000 years old) varved clays
crop out. The illustrated specimens are housed in
the Vilnius University. The samples were collected
from investigated outcrops by A. Uchman and
A. Gaigalas. The palaeontological identifications of
fossil traces was carried out by Alfred Uchman.

PREVIOUS INVESTIGATIONS

The geomorphology and palaeogeography of glacio-
lacustrine basins in Lithuania were studied by some
researchers (Basalykas, 1967, Mikalauskas, Mikutie-
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Fig. 1. Location maps:

A — Baltic countries, B — Map S of Kaunas with
location of the study sites Balbieriskis and Giri-
ninkai, C — the largest ice-dammed basins near
the edge of retreating ice cover of South-Lithu-
anian, Middle-Lithuanian and North-Lithuanian
phasials of Baltija stadial of Nemunas glaciation
1 pav. Lokaliniai pemélapiai: A - Baltijos 3alys,
B - 4 pietus nuo Kauno tyrinétg pjlvig viete
pbemélapis, C — didieji prieledyniniai baseinai, pa-
sitvenka prie Nemuno apledéjimo Baltijos stadi-
jos Pietg Lietuvos, Vidurio Lietuvos ir Diaurés
Lietuvos fazig atsitraukianéio ledyno pakraseio

né, 1970, Garunkdtis, 1975, FOpraitruc, 1970 and
others). Studies on the lithology, distribution and
duration of sedimentation and facies features of gla-
ciolacustrine clays and geological structure were car-
ried out by V. Mikaila (1957, 1958, 1959, 1965, 1966,
1975, 1991), Gudelis and Mikaila (1960). Some in-
vestigations on the sedimentology of the laminated
clays were carried out also by Dvareckas and Basa-
lykas (1959), Muxkiuuc u Iaiiramac (1983), Taliraiac
u ap. (1996), Kazakauskas and Gaigalas (1999), Ka-
zakauskas (2000).

Glaciolacustrine deposits and varved clays have
been formed in dammed proglacial basins near the

margin of the retreating ice sheet of the Last Gla-
ciation. The general pattern of deglaciation of Li-
thuania is known (Gaigalas, 1994). The recessional
ice margins are well defined and dated. The glacio-
lacustrine basins and their sediments have been
“tied” to former ice margins. Deglacial deposits com-
monly lack datable and palaeontological material.
Against the background of a gradual climatic
warming there occur remarkable cooling time inter-
vals causing halts or even advances of the degrading
ice cover, marked in topography by distinct ice mar-
ginal dammed glaciolacustrine basins of South-,
Middle- and North-Lithuanian phases. Lithuania was
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probably freed from the continental ice in Danigla-
cial time about 16,000-12,500 years ago. The ice-
dammed basins were located in glaciodepressions.
Some of glaciolacustrine basins emerged as a result
of filling up the existing depressions in the relief
with melt water. The origin of the majority of other
basins is connected with the damming up of water
by the front of an active glacier.

A regular succession of Daniglacial climatic and
sedimentation changes in the local proglacial glacio-
lacustrine basins, conditioned by recession of the
last Scandinavian ice sheet, was revealed in the gla-
ciolacustrine-lacustrine sediments (Gaigalas et. al.,
2001). The largest Lithuanian glaciolacustrine basin
sediments were ascribed to facies of proglacial lakes
that developed through the interaction of glacial and
proglacial environments (Pinkdnas and Jurgaitis,
1998). The genesis of different glaciolacustrine sedi-
ments of the Lithuanian proglacial lakes is discus-
sed and sedimentation environs in proglacial limnic
basins have been reviewed earlier by us, too (Kaza-
kauskas and Gaigalas, 1999). A palaeomagnetic stu-
dy of varved clay near the Girininkai section has
been carried out (Gaigalas et al., 2002). The decli-
nation (D), inclination (I) and intensity (J) of the
natural remnant magnitization of glaciolacustrine cla-
ys in this section were measured. The magnetic
direction is fairly stable. Magnetic declination is
rather scattered, and is hardly diagnostic for the
geomagnetic secular variation, the expected varia-
tion of which would be close to true North. The
shallow inclination may indicate compaction of the
sediments after its deposition in a glaciolacustrine
basin. This effect may be significant for preserva-
tion of fossil traces of organisms in the sequences
of glaciolacustrine sediments.

The isotopic composition of oxygen and carbon
stable isotopes of biochemogenic carbonaceous
samples from glaciolacustrine varved clays of Bal-
bieriskis and Girininkai sections has been studied
(Gaigalas et al., 2001). The revealed gradual war-
ming of climate is connected with the South-Lithu-
anian to Middle-Lithuanian and the Middle-Lithua-
nian to North-Lithuanian interphasials as well as
with the South-Lithuanian interoscillations of retre-
ating phases of the Baltija stage ice cover.
GEOLOGICAL SETTING AND SEDIMENTATION
ENVIRONMENTS

In Lithuania, there are some glaciolacustrine basins
differing in the size as well as structure and texture
of varved sediments. The largest glaciolacustrine ba-
sins in Lithuania are as follows: Balbieriskis—Simnas
in the south, Kaunas—KaiSiadorys in the middle part
of Lithuania, Jara—Pedupé in West Lithuania, Vievis—

Pirvintos and Dysna in the eastern part and Mdda
in North Lithuania. In Lithuania, large proglacial
glaciolacustrine basins had formed near the glacier
edge of the South-, Middle- and North-Lithuanian
phases of the Baltija stage of the Nemunas glacia-
tion.

The BalbierisSkis—Simnas glaciolacustrine basin
existed during the South-Lithuanian phase (about
15,000 years ago) of the Baltija stadial of the Ne-
munas glaciation. The Kaunas—KaiSiadorys glaciola-
custrine basin had formed at the time of the Mid-
dle Lithuanian phasial about 14,000 years BP. The
investigation of trace fossils in 2003 were carried
on in the section of glaciolacustrine varve clay sedi-
ments of the Balbieriskis outcrop (Balbieriskis—
Simnas proglacial basin of the South Lithuanian pha-
sial) and in the section of glaciolacustrine sediments
of the Girininkai clay quarry of the Rokai ceramic
plant (Kaunas—KaiSiadorys proglacial basin of Mid-
dle Lithuanian phasial). Development of glaciola-
custrine proglacial basins and varve clay sedimenta-
tion in Lithuania are closely connected with the
course of Scandinavian ice sheet retreat during the
Daniglacial time from 16,000 till 13,000 years BP.

The gradual warming of climate is connected with
South-Lithuanian to Middle-Lithuanian and the
Middle-Lithuanian to North-Lithuanian interphasials
as well as with the South-Lithuanian interoscilla-
tions. The interphasial lacustrine sedimentation with
rhythmical lamination of carbonaceous sediments was
observed in the middle part of the Balbieridkis sec-
tion (at a depth of 3.1-5.9 m).The activity of the
organisms increased during summer time intervals
and influenced the sedimentation of calcareous sea-
sonal bands with carbonates in autumn.

The deposits studied are traditionally called varv-
ed clays, however, they contain clayey and silty la-
minae, locally with drop stone and pebbles. In the
study sections of the deposits we find: 1) sedimen-
tologically different dispersed glaciolacustrine sedi-
ments of glacier oscillations, recession and advan-
ces, and 2) lacustrine varved clay sediments with
seasonal bands of carbonates, which accumulated du-
ring temperature rises in warmer interphasial time
intervals. The differentiated sedimentation of carbo-
nates shows changes in the hydrochemical state of
the basin and the influence of the organic world,
which increased during summer periods of the in-
terphasials.

The Balbieriskis section is situated on the left
bank of the Nemunas River, about 0.5 km north of
the small town of Balbieriskis. The average thick-
ness of varved deposits reaches 7.43 metres (Fig. 2).
This and other outcrops in this place are very im-
pressive. Their cordinates (longitude and latitude)
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are 54°3206"; 23°53'16", relative height about 40 m,
width 130 m. There are two layers of varved depo-
sits, divided by tills of the Upper Pleistocene. The
upper layer of varved sediments is bedding directly
on the till of the South Lithuanian phasial (Baltija
stadial of Nemunas Glaciation). The contact of gla-
ciolacustrine sediments with the till is distinct.

In the Balbieridkis section it is easy to distin-
guish some different sedimentogenetic series of prog-
lacial basin sediments, which are connected with os-
cillations of the retreating ice cover of the South
Lithuanian phasial (Gaigalas et al., 2001). There are
five climatic evolutionary stages of the existing Bal-

bieriskis—Simnas basin: 1)
climatic warming and inten-
se retreat of the glacier ex-
pressed by sedimentation of
laminated sediments and
traces of fossils (layer 1), 2)
stabilisation and oscillation
of the glacier, during which
climatic cooling took place
(layer 2), 3) sudden clima-
tic warming and fast glacier
retreat, characterised by la-
custrine (lake) sedimenta-
tion and abundance of tra-
ce fossils (layer 3), 4) sud-
den climatic cooling and
glacier oscillation, characte-
rised by prevailing clay of
glaciolacustrine sedimenta-
tion (layer 4), 5) final cli-
matic warming and glacier
retreat, characterised by the
ablation till of last (111) os-
cillation glacier of the
South-Lithuanian phasial
(layer 5).

Trace fossils are distin-
guished in the lacustrine (la-
ke) laminated sediments of
the interphasials of a war-
mer climate (layer 3) and
rarely in the glaciolacustri-
ne laminated sediments (la-
yer 1). They are absent in
cool climate glaciolacustrine
sediments (layer 4) and dis-
turbed by oscillations of the
glacier (layer 2). Summer
bands are predominating in
layer 3, which was formed
during a warmer climate in-
terval of the megainterpha-

sial. The thickness of the summer bands reaches
2.0-2.5 cm. The average makes 1.2-1.5 cm.

The summer varved sediments are more calcare-
ous and silty. They are easily seen in the lamination
of the section. Sediment lamination commonly re-
flects an annual temperature cycle (Gaigalas et al.,
2001). Deposition of calcareous laminae is charac-
teristic of late summer and autumn seasons. Their
accumulation depended on temperature, pH reac-
tion, organisms or organic matter content and CO,
regime. Sediment lamination reflects an annual
rhythm of sedimentation conditioned by the annual
temperature cycle. This cycle caused variations in
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the physical and biological conditions of a lake and
a sedimentary matter influx.

Girininkai section is located in the quarry of
the Rokai ceramic plant, which was being exploited
in 2003 (Fig. 3). Its coordinates (longitude and la-
titude) are 54°45°23"; 23°56’30". This section of var-
ved clay is connected by its origin with the halt of
the ice margin on the Middle-Lithuanian ridge of
end moraines. In the Girininkai section, three cli-
matic evolutionary episodes were determined (Gai-
galas et al., 2001): 1) short climatic warming with
an oscillatory retreat of the glacier, characterised by
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sedimentation of distinctly laminated clays with pre-
vailing winter sediments (at an interval of 0.2-3.2 m);
2) more stable climatic conditions characterised by
sedimentation of indistinctly laminated clays and with
distinct traces of fossils (at a interval of 3.2-5.9 m);
3) climatic warming characterised by sedimentation
of laminated silty and calcareous clays (at a interval
of 5.9-9.2 m). In this interval, humidic matter was
observed. With the second climatic episode, at an
interval of 3.2-5.9 m, activity of the organisms in
the basin became higher at the time of the South-
Lithuanian — Middle-Lithuanian phasial.

TRACE FOSSILS

The described trace fossils were observed on par-
ting surfaces during a careful lamina-by-lamina split-
ting of varved clays. Occurrences of trace fossil are
confined only to some, commonly single laminae,
rarely to adjacent 2 or 3 laminae. Most of the trace
fossil bearing laminae are about one or two deci-
metres apart in the sections. The laminae are more
clayey and less marly than the laminae without tra-
ce fossils. The traces of fossils are connected with
shallow water lithofacies of glaciolacustrine basins.
Their formation took place during warmer climate
intervals of the interphasials. The behavioural re-
cord of benthic organisms was observed on the sur-
face of winter sediment layers, because they were
active in summer.

Systematic ichnology

Cochlichnus Hitchcock 1858
Cochlichnus anguineus Hitchcock 1858
Fig. 4 A-B

Description. Very thin meandering grooves on the
upper parting surfaces or hypichnial meandering rid-
ges on the lower parting surfaces, which display on-
ly first-order sinuous meanders. The width of the
grooves or ridges ranges between 0.4 and 0.6 mm.
The wavelength of the sinuous meanders ranges bet-
ween 4 and 8 mm, and the amplitude between 1
and 1.7 mm.

Remarks. Cochlichnus anguineus is the type ichno-
species of Cochlichnus, but its type specimens from
the Triassic of Cincinnati are known only from
drawings (Hitchcock, 1858). Cochlichnus was dis-
cussed by several authors, especially the Palaeozoic
material (e.g., Fillion & Pickerill, 1990; Giuszek,
1995; Walter & Hofmann, 2001). Only surface tra-
ces have been included in Cochlichnus by Rindsberg
(1994). The subsurface forms have been distinguis-
hed by the latter author as a new ichnogenus Cy-
matulus. However, Stanley & Pickerill (1998) argu-
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ed that the distinction is very subtle and regarded
Cymatulus as a junior synonym of Cochlichnus.

Different organisms are regarded as producers of
non-marine Cochlichnus. Hitchcock (1858) suggested
annelids; however, recent traces of this morphology
are produced mainly by insect larvae (Toula, 1908).
Larvae of biting midge (family Ceratopogonidae) (Mi-
chealis, 1972) and dipteran larvae (family Therevi-
dae) have been found to produce such traces (Metz,
1987). The chironomid dipterous insects, including
Chironomus motilator (Emerson in Tarr, 1935), are
also suspected to produce this kind of trace (Anders-
son, 1897). Other authors regarded it as nematode
trails (Moussa, 1970; Chamberlain, 1975, Metz, 1998).
Indeed, experiments with nematodes confirm the lat-
ter idea (Sandstedt et al., 1961; Rode & Staar, 1961).
Walter & Hofmann (2001) underlined the occurrence
of Cochlichnus in extreme environments, what is cer-
tainly true for proglacial lakes.

Glaciichnium Walter 1985
Glaciichnium liebegastensis Walter 1985
Fig. 4 C, D

Description. Straight to winding convex forms on the
upper parting surfaces and concave forms on the lo-
wer parting surfaces, composed of a central groove or

ridge bounded by disrupted levee, 0.3-1.2 mm wide.
The groove is accompanied by very thin, short (up to
1.5 mm long) lateral groves or ridges, inclined concor-
dantly at an angle up to 45° to the main course of the
trace fossil. In some specimens the lateral grooves or
ridges are poorly visible, and only the central axial part
is preserved. In other specimens the central groove is
poorly preserved and the lateral elements dominate.

Remarks. This is a typical trackway of an arthropod
with drag marks, which is commonly preserved in dif-
ferent ways as under tracks, i.e. impressions of appen-
dages on lower laminae (cf. Goldring & Seilacher,
1971).

Glaciichnium liebegastensis can be interpreted as a
trackway of an isopod insect from the genus Asellus as
shown by experiments with water hoglouse (Asellus
aquaticus) (Schwarzbach, 1938; Gibbard & Stuart,
1974), which is a typical animal of glacial lakes feed-
ing on algae and plant detritus. It is able to survive
temporary freezing (Gibbard & Dremanis, 1978).

Gordia Emmons 1844
Gordia isp.
Fig. 5 A B

Description. Smooth, horizontal ribbons on part-
ing surfaces forming irregular loops. The ribbons

Fig. 4. Trace fossils from the varve clays. A, C, D — millimetre scale. A — Cochlichnus anguineus (Co), lower laminae
surface, Gr 27; B — Cochlichnus anguineus, upper laminae surface, Gr 26; C — Glaciichnium liebegastensis (GI) and
Helminthoidichnites isp. (HI), lower laminae surface, Bb 6; D — Glaciichnium liebegastensis (Gl) and curved ridge (cr),
lower laminae surface, Bb 2
4 pav. Organizmg fosiliniai pédsakai varviniuose moliuose
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are 0.5-0.7 mm wide, and loops are about 10-20 cm
in diameter.

Remarks. Gordia is separated from Helminthoidich-
nites (Hoffmann, 1990), however, in the analyzed ma-
terial transitional forms occur (see discussion for Hel-
mithoidichnites). Gordia is a facies-crossing form
known from marine and non-marine settings (e.g., Pic-
kerill et al., 1984). It occurs commonly in lacustrine de-
posits (Pickerill, 1987; Buatois & Mangano, 1990;
Acelolaza and Buatois, 1991). In the terrestial environ-
ment, loop-like trails are produced by the millepede
Julus and are caused by a body dragging in wet mud
(Boy, 1976, Fig. 41b; Rolfe, 1980, p. 135, Fig. 5A), as
well as by crane fly larvae (Ahlbrandt et al., 1978, Fig.
1M.). Looped trails are also left by pulmonate gastro-
pods (e.g., Abel, 1935, p. 209). In fresh waters, similar
traces can be interpreted as locomotion trails (repich-
nia) or feeding traces (pascichnia) produced by insect
larvae (Gibbard & Dreimanis, 1978) or gastropods
(Gibbard & Stuart, 1974; Merta, 1980).

Helminthoidichnites Fitch 1850
Helminthoidichnites isp.
Figs. 4 C, 5 A

Description. Irregularly winding horizontal smo-
oth ribbons on both parting surfaces, rarely ridges

on the upper parting surface or grooves on the lower
parting surface. Most of them are 0.5-07 mm wide.
The ribbons differ in colour from the surrounding
rock.

Remarks. Helminthoidichnites displays only occa-
sional loops, whereas in Gordia Emmons (1844)
loops are the most characteristic feature. In cont-
rast to these genera, Helminthopsis has no loops
(Hofmann & Patel, 1989). The differences between
Helminthoidichnites and Gordia have been confirmed
by computer analysis (Hofmann, 1990). However,
in some specimens from the analysed material the-
re are transitions from Gordia to Helminthoidich-
nites, suggesting that these trace fossils were pro-
duced by the same tracemaker. This is a strong
suggestion for synonymization of these two ichno-
genera, but it needs further studies. In this paper,
Gordia and Helminthoidichnites are described sepa-
rately. So far, Helminthoidichnites has been known
to range from Precambrian (Narbonne & Aitken,
1990) to Lower Cretaceous (Fregenal Martinéz et
al., 1995). Thus, the forms described here repre-
sent the youngest record of this ichnogenus. Hel-
minthoidichnites is known from marine and non-
marine settings. In the latter case, it has probably
been produced by nematofors or insect larvae (Bua-
tois et al., 1997).

Fig. 5. Other trace fossils from varve clays. A, C, D — millimetre scale. A — Gordia isp., transition to Helminthoidich-
nites isp, upper laminae surface, Bb 48; B — Gordia isp., upper laminae surface, Bb 19; C — Warvichnium ulbrichi (Wa)
and simple ridges (?Helminthoidichnites isp.), upper laminae surface, Bb 40; D - Warvichnium ulbrichi (Wa) and an
indistinct trackway in the upper part (?Warvichnium), upper laminae surface, Bb 35.

5 pav. Kitg organizmg fosiliniai pédsakai varviniuose moliuose
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Warvichnium Walter 1985
Warvichnium ulbrichi Walter 1985
Fig. 5 C, D

Description. Only two specimens have been found,
in which the trace fossil is preserved as concave
forms on the upper parting surface. A single row of
arcs, about 0.5 mm wide and 3 mm long, located
concordantly 3-4 mm apart. A 7 mm wide double
row of small pits, located 3-4 mm apart on each
side of the row, probably belongs to the same trace
fossil.

Remarks. This trace fossil is part of an arthro-
pod trackway. The row of arcs is typical of the axial
part of Warvichnium ulbrichi, probably an imprint
of insect abdomen (Walter, 1985, fig. 2c, pl. 1, fig.
7, 1986, fig. 4; Fuchs, 1988, fig. 2).

Curved ridges
Fig. 5 C

Description. Simple accurate ridge on the lower
parting surface, about 0.3 mm wide. It displays ir-
regular enlargements and disruptions. The longer
axis of these disruptions is elongated according to
the ridge course.

Remarks. The disruptions and constrictions sug-
gest a pulsatory mode of movement of the tracema-
ker. It is not excluded that this trace fossil was pro-
duced by a small mollusc, and the pulsatory move-
ment can be related to the work of its foot.

DISCUSSION

The described trace fossil assemblage is dominated
by Gordia, Helminthoidichnites, and Glaciichnium.
Cochlichnus, Warvichnium and the curved ridges are
rare. In many laminae the trace fossils co-occur
(Figs. 2, 3). Most probably the trace fossils repre-
sent communities of trace markers. In a few cases,
Gordia cross-cuts Glaciichnium and in a few other
cases the opposite situations have been found.
The occurrence of the described trace fossils on-
ly in some (every few tens) laminae can be inter-
preted as a result of preservation or as an ecologi-
cal phenomenon. Most of the trace fossils are very
delicate and require a narrow range of sediment
consistency in order to be preserved. Such a consis-
tency can occur once for many years, for instance,
due to a lowered sedimentation rate or delicate ero-
sion. Certainly very soft water-saturated sediments
(soupy ground) lower very much the preservational
potential. The general absence of trace fossils in
laminae rich in carbonates cannot be easily explain-
ed, but we cannot exclude that it is related to the
preservational potential. It is also possible that only

in some summers the lake floor is colonised by the
trace markers. If the latter suggestion is true, it is
interesting to study a possible regularity in their oc-
currence. Also the longer segments of the sections
without trace fossils are interesting from such a per-
spective. In the case of the Girininkai section, the
absence of trace fossils in the upper part of the
measured section probably resulted from a strong
fracturing of the rocks, which makes difficulties in
obtaining an appropriate parting substrate. The frac-
turing, caused probably by heavy digging equipment,
decreases down the section.

Walter & Suhr (1998) distinguished three basic
ichnocoenoses in Pleistocene varve clays. The cur-
sichnia ichnocoenose contains arthropod trackways,
which are represented in the investigated Balberiskis
and Girininkai sections by Glaciichnium and War-
vichnium. The Cochlichnus ichnocoenose contains fo-
remost Cochlichnus and some other small (1-3 mm)
trails. Cochlichnus occurs only locally in the Giri-
ninkai section. The repichnia ichnocoenose contains
small (less than 1 mm) wide seam-like trails. This
ichnocoenosis does not occur in the investigated sec-
tions. We could add the Gordia ichnocoenosis, which
is represented by abundant Gordia and Helminthoi-
dichnites in the Balberiskis and Girininkai sections.
However, these ichnogenera commonly co-occur with
Glaciichnium, which is the member cursichnia ich-
nocoenosis. Also Cochlichnus occurs together with
Glaciichnium in the Girininkai section. Thus, we
have difficulties in distinguishing pure ichnocoeno-
ses as proposed by the cited authors. In general,
the trace fossil association can be ascribed to the
Mermia ichnofacies, which is typical of a lacustrine
environment (Buatois & Mangcno 1998).

According to Walter & Suhr (1998), the repich-
nia ichnocoenosis is typical of epilimnion in proxi-
mal depositional settings (delta forsets), the cursich-
nia ichnocoenosis should occur in metalimnion, and
the Cochlichnus ichnocoenosis in hypolimnion in less
oxygenated waters. The Gordia ichnocoenosis can
be considered as an equivalent of the Cochlichnus
ichnocoenosis. Assuming that this is true, it is pos-
sible to suppose that the investigated deposits accu-
mulated in the transition from metalimnion to hy-
polimnion. The isopod Asselus aquaticus, the pro-
bable producer of Glaciichnium, is typical of a lake
littoral zone (Staficzykowska, 1986).

CONCLUSIONS

The presence of trace fossils in varve clays of pro-
glacial glaciolacustrine basins of the Upper Pleisto-
cene reflects the climatic fluctuations during glacio-
lacustrine-lacustrine—glaciolacustrine sedimentation
of the South-Lithuanian, Middle-Lithuanian or
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North-Lithuanian phasials and interphasials of the
Baltija (Pomeranian) stadial of the Nemunas (Vis-
tulian) glacial.

The relatively common trace fossils Gordia, Hel-
minthoidichnites, Galaciichnium and the rare Coch-
lichnus, Warvichnium and curved ridges are found
in the section studied. The fossils are typical of the
Mermia ichniofacies. The cursichnia ichnocoense is
represented by Glaciichnium and Warvichnium, the
Gordia ichnocoensis represented by Gordia and Hel-
minthoidicnites.

The warmer climate of interphasials or interos-
cillations is represented by lacustrine sediments with
traces of Cordia, Helminthoidichnites, Galaciichnium
and rare Cochlichnus, Warvichnium fossils. The tra-
ces of fossils in laminated sediments of aquatic ori-
gin in Lithuania correspond to interphasial episodes
of the Late Pleistocene. They represent the lacust-
rine (lake) sedimentation in the glaciolacustrine ba-
sin during climatic warming in the glaciated area of
North Europe. Dominance of cursichnia ichnocoe-
nosis and Gordia ichnocoenosis suggests that varve
deposits accumulated in the transition zone from
metalimnion to hypolimnion. Traces of fossils in this
case can be used for recognition of lacustrine sub-
facies and climatic warming.
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FOSILIJ@ PEDSAKAI VIRSUTINIO PLEISTOCENO
VARVINIUOSE MOLIUOSE LIETUVOJE A PIETUS
NUO KAUNO

Santrauka

Balbieridkio ir Girininkg apylinkése & Pietus nuo Kauno
virdutinio pleistoceno varviniuose moliuose pirma karta
surasti fosilijg Gordia, Helminthoidichnites, Galaciichnium

pédsakai palyginus yra dapni, retesni Cochlichnus, War-
vichnium ir lanko formos pédsakai. Fosilijg pédsakg pa-
sitaiko molingg laminarijg pavirdiuose, o karbonatg tur-
tingose laminarijose jg nerasta. Surasti fosilijg pédsakai
yra bddingi Mermia ichnofacijoms. Cursichnia ichnoce-
nozei atstovauja Glaciichnium ir Warvichnium, o Gordia
ichnocenozei (naujai iSskirta) — Gordia ir Helminthoi-
dichnites. Jg vyravimas leidpia tvirtinti, kad tyrinéti var-
viniai moliai kaupési pereinanéioje id metalimnijono &
hipolimnijona zonoje. Vélyvojo pleistoceno tarpfazig ir
tarposciliacijg diltesnd klimata, kurio popymiai upfiksuoti
eperinése nuosédose, patvirtina tyrinétg fosilijg pédsakai
prieledyninig baseing sluoksniuotg nuogulg pjlviuose. Vé-
lyvojo pleistoceno limnoglacialinig nuosédg sluoksniuose
surandamus fosilijg pédsakus galima panaudoti idskiriant
eperines subfacijas ir klimato atdilimo laikotarpius, nes
jie yra susijg su tarpfazialg sedimentogeneze.

Aabsrupaac Daiframac, Auabgpen Yxman

CJEJBI ®OCCWININ B JEHTOYHBIX
TJIMHAX BEPXHEI'O TUIEMICTOLIEHA K IOT'Y
OT I'. KAYHACA, JIMTBA

Peszwowme

B oxpectHocTsix banbbepumikuc u ['MpuHHUHKA K OTY
ot r. KayHaca B JIGHTOUHBIX JTMMHOTJISIMAIBHBIX TIIH-
Hax BEpPXHEro IUIelicToleHa OOHApYXeHBI (HOCCHIIBHBIC
cnensl Gordia, Helminthoidichnites, Galaciichnium,
KOTOpbBIE YCIOBHO YacTO BCTPEYAKOTCS, pEXe Ha-
6monatorcst cenpr Cochlichnus, Warvichnium u gyroo6-
pasuele crenpl. Crienbl doccunuii HaWOEHBI Ha II0-
BEPXHOCTSIX OTAENBHBIX TJIMHUCTBIX CIOWKOB. OHH He
OOHapyXeHBI B CIOHKax, 0OOTallleHHbIX KapOoHaTaMH.
OOGHapy>xeHHbIe cliefbl (POCCUITUN XapaKTepHBI IS UX-
Huodauuit Mermia. Mxuuouenos Cursichnia npen-
crasiied Glaciichnium u Warvichnium, a uxHHOLEHO3
Gordia (HoBoBbIIeneH) — Gordia u Helminthoidichnites.

[Ipeobnananne yHOMSHYTBIX MXHHOLEHO3 JACT BO3-
MOJKHOCTB YTBEP)KIATh, UTO HCCIICIOBAHHBIC JICHTOYHBIC
[JIMHBI OCAXK/TAJINCh B IEPEXOTHON 30HE MPIIICTHUKOBBIX
03ep OT METAIIMMHHOHA K THIMOJIUMHHUOHY. [ToTerieHust
KuMaTa BO BpeMsi Mex(Da3HaloB U MEKOCIHUUIAIUH,
MMPU3HAKH KOTOPOTO 3a(PUKCHPOBAHBI B O3EPHBIX OTIIO-
JKEHUSX, OTMEYEHBI CIIelaMHd OPTraHU3MOB B pa3pes3ax
CIIOUCTBIX OTJIOXCHHH IPHUIICTHUKOBBIX OacCElHOB.
OOHapyXeHHbIe Cclelbl B JUMHOTJSIHUAIBHBIX OT-
JIOKEHHSIX MOYKHO HCIIOJIb30BaTh MPHU BBIACICHUU O3€p-
HBIX CyOdalii U MHTEPBAJIOB MOTEIUICHUS KIMMAaTa
ITO3/THETO TUICHCTOIICHA, TaK KaK OHHU CBS3aHBI C Mexda-
30BBIM CETUMEHTOTEHE30M.



