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A new freshwater ichnospecies of Asthenopodichnium Thenius, 4. lithuanicum, is distinguished by its pouch-like shape with a J-shaped
limb that is distinctly wider than the remaining part of the pouch. It was produced in a stiffground at the top of a mineral-rich brown-coal
layer of Neogene age by a suspension feeder forming pouch-like domichnial cavities. Mayfly larvae may perhaps be considered as candi-
dates for its tracemaker. Other arthropods (amphipods, isopods) are also possibilities. The brown-coal layer was exposed during the Neo-
gene by river erosion, was colonized by the tracemaker (locally two colonization events took place) and in the Pliocene covered by distal
crevasse and river channel sands.
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INTRODUCTION

Organic-rich deposits such as coal, lignite, wood (xylite) or
gyttja are rarely a substrate for burrowing or boring organisms
in aquatic environments, the action of which is recorded as
trace fossils. Literature on this topic is very scarce. Philipp and
Wehrli (1936) and Schenk (1937) described borings of marine
bivalves (Teredolites) in lignites from Neogene brown-coal de-
posits in Germany. Similarly, Bromley et al. (1984) described
the marine wood boring Teredolites clavatus Leymerie from
the top surface of a coal layer in the Late Cretaceous Horseshoe
Formation, Alberta, Canada. More data concerns bivalve bor-
ings in wood in marine environments. These are ascribed to the
ichnogenus Teredolites (e.g., Kelly and Bromley, 1984; Savrda
etal., 1993). Less well known are marine borings in wood pro-
duced by amphipods (Limnoria) and isopod crustaceans
(Bromley, 1970, p. 66, and references therein) or other organ-
isms (Bann et al., 2005). To our knowledge trace fossils in
brown coal or gyttja in non-marine aquatic environments have
not been reported until now. Very little is known about borings
in wood in fresh waters. Thenius (1979) described the

ichnogenus and ichnospecies Asthenopodichnium xylobiontum
from Late Neogene wood in Austria and referred it to borings
of mayfly larvae.

Some pouch-like trace fossils have been discovered at the
top of a mineral-rich brown-coal layer in Neogene brown-coal
bog-lake and fluvial deposits at Anyksciai, Northeastern Lithu-
ania (Fig. 1). Given the scarcity of information on burrows and
borings in freshwater environments in organic-rich deposits,
they are interesting and potentially increase our knowledge on
this topic. Their description and interpretation are the main aim
of this paper. Some of thse deposit illustrated are housed in the
Institute of Geological Sciences of the Jagiellonian University
(collection prefix 198P).

GEOLOGICAL SETTING

Neogene deposits, occurring in isolated patches in the val-
leys of the Sventoji River and its tributaries, Northeastern Lithu-
ania, were discovered by Dalinkevi¢ius (1933), who ascribed
them to a Tertiary brown-coal formation (see also DalinkeviCius,
1960). Their micoflora and palacocarpology were investigated
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Fig. 1. Location maps and a general section of the sand pit at the locality studied;
the detailed map is without Quaternary deposits (based on the Geological Map 1: 200 000
by Sliaupa et al., 2000)

A — location of studied area in Lithuania; B — location of the studied section; C —
lithostratigraphic column of the studied section and location of the trace fossil bearing horizon

by Vienozinskiené (1960), Kondratiené (1971), Riskiené (1971)
and Khomutova in Vaitiekiinas and Khomutova (1972). The
lower part of the Lithuanian Neogene contains mainly bog-lake
facies and is ascribed to the Miocene, whereas the upper, more
widely distributed fluvial part — to the Middle and Upper Plio-
cene (Vaitiekiinas, 1977). The Pliocene deposits at Daumantai in
the Sventoji River valley were distinguished as intermediate be-
tween the Neogene and the Pleistocene, and were related to
(Gaigalas, 1987) the AnyksCiai Regional Stage sensu
Kondratiené (1971). Baltakis (1966) and Katinas (1971, 1994)
studied the Neogene of Lithuania and of the Semba peninsula.
For general information on the Lithuanian Neogene see also
Paskevicius (1994, 1997).

THE LOCALITY STUDIED

The Neogene brown-coal unit investigated crops out 2 km
SW of Anyksc¢iai on the northern side of the main road to
Kovarskas—Ukmergé (Fig. 1) in a sand pit, in which a very
clean, white glass sand is exploited. The deposits studied be-
long to the East Lithuanian facies area of the Neogene and can
be ascribed to the Pliocene. The sand is 4.5 to 6 m thick,
fine-grained, cross-laminated (Fig. 2A) and covered with
Pleistocene boulder clays (tills) of the Middle Lithuanian

phase of the Baltic Stadial of Nemunas Glaciation. The Pleis-
tocene rests on an erosive exarational discontinuity. Under the
sands, a sequence of less clean, very fine- to medium-grained
sands about 2 m thick crop out (Fig. 2B) in the western part of
the sand pit. These are intercalated with irregular layers of
brown coal and drapes of mudstone and siltstone. The latter
form a heterolithic sediment. Below, the top of the Upper De-
vonian red beds (Sventoji Formation) can be seen in ditches at
the bottom of the quarry.

The trace fossils were found at the top of the highest
brown-coal layer (Figs. 2C and 3), which is up to 9 cm thick
and pinches out to the east. The brown-coal is composed of
black or black to dark brown detrital, massive or indistinctly
laminated black organic matter, some mineral grains, including
mica flake, quartz grains, clay minerals or calcite, well-pre-
served pieces of wood up to 7 cm long, and flat marcasite con-
cretions, 3—5 mm across, lying along the lamine. Macroscopi-
cally, the coal resembles a mineral-rich coal sensu Taylor et al.
(1998). Paskevicius (1997) showed that this is a clarain coal of
the friable attritus, heliolithic class. It displays a weakly
coalified, fragmental and attritic microstructure, and is com-
posed of tiny heliolitithified stems of bushes and herbaceous
plants, and fragments of leaves, wood and bark. A leaf matrix
composed of attritus dominates. Laterally, the brown-coal lay-
ers are replaced by coaly sand, silt and clay.
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Fig. 2. The locality studied in photographs

A — view of the quarry; B — view of the brown-coal deposits with the
gyttja layer bearing trace fossils; C — Asthenopodichnium lithuanicum at
the top of the coal layer
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The vegetation was of a subtropical type growing on a large
alluvial plain. The remains of vegetation were transported by
streams and deposited as allochthonous detritus in oxbow lakes
as a peaty gyttja or coal. The Pliocene vegetation shows a cli-
matic cooling in comparison to the Miocene. Among the spores
and pollen Pinus silvestris prevails, comparising up to 70%
(10-50% in the Miocene) while the Taxodiaceae decreased to
5% from 45% in the Miocene. Thermophilous plants are rare,
but Quercus, Corylus and Carpinus are frequent. Betula and
Alnus prevailed among the boreal tree species.

From a distance the trace fossils are visible as white
sand-filled spots, a few mm wide against the dark background
of the brown coal. An additional trace fossil (form A) was
found in the pieces of wood that occur in the brown-coal layers.

Probably, the cross-bedded sands above the brown-coal
layers were deposited in bars of a sandy braided river. The
sands in the brown-coal unit originated probably in a mean-
dering or anostomosing river with in a fluvial plain with ox-
bow lakes or abandoned channels. There is no evidences of
marine influence.

TRACE FOSSILS

Ichnogenus Asthenopodichnium Thenius 1979
Type ichnospecies Asthenopodichnium xylobiontum
Thenius 1979

Emended diagnosis. — Small, U-shaped
spreiten or pouch-like structures in wooden, organic-rich or
bone substrates.

Remarks. — Material of the type ichnospecies of
Asthenopodichnium, A. xylobiontum distinguished by Thenius
(1979), was discovered in the Late Miocene (Pannonian) de-
posits of the Vienna Basin (Papp, 1949; Papp and Thenius,
1954; Thenius, 1979). Originally, the ichnogenus
Asthenopodichnium was diagnosed by Thenius (1979) as
“U-shaped spreiten burrows in wood, vertically oriented to the
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Fig. 3. Detailed section of the Anyksc¢iai brown-coal deposits with the trace fossils
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upper side the log”. The spreiten, however, are not obvious be-
cause even in the type material, the trace fossil appears as a
tongue filled with other, non-xylic material and probably is a
cast of a spreiten trace fossil, in which limbs and possible
spreiten formed a single cavity before casting. Moreover, its
occurrence in brown coal and even in organic-rich siltstone en-
larges its substrate constraints. For these reasons the diagnosis
has been emended.

Bertling et al. (2006) considered the major substrate types
as ichnotaxobases. In the case of the new, third ichnospecies of
Asthenopodichnium described in this paper, the boundary be-
tween the substrate types is not sharp because of its occurrence
in the organic-rich silt. This, however, can be considered as an
exception, which does not affect the general rule.

Hitherto, only two ichnospecies of Asthenopodichnium
Thenius 1979 have been recognized. 4. xylobiontum Thenius
1979 was diagnosed as “U-shaped spreiten with limbs
1.5-3 mm in diameter and depth (height) up to 20 mm”. 4.
ossibiontum Thenius 1988, recognized in mammal bones from
the Neogene of the Vienna Basin, Austria, is diagnosed simi-

1cm Asthenopodichnium

A. ossibiontum A xylobiontum A lithuanicm

Fig. 4. Morphological models of Asthenopodichnium ichnospecies
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Fig. 5. Thickness and width of Asthenopodichnium ichnospecies
pouches, form A and lebensspuren discussed in the paper

larly. Thenius (1988) emphasized that its difference from A.
xylobiontum is based mostly on biological preferences of the
tracemaker (wood versus bones), though some morphometric
differences can also be seen (Figs. 4 and 5).

In general, the barnacle borings Rogerella Saint-Seine
(1951) and Zapfella Saint-Seine (1956) are similar to
Asthenopodichnium in their overall shape, but these two
ichnogenera are found only in lithic marine substrates, primar-
ily in calcareous skeletons (e.g., Bromley, 1970; Héntzschel,
1975). Diplocraterion luniforme (Blackenhorn 1916) from the
Cretaceous fluvial clastic Hasandong Formation, Korea (Kim
and Paik, 1997) displays a similar size and overall shape, but it
displays U-shaped limbs and spreiten.

Asthenopodichnium lithuanicum isp. nov.
(Figs. 2C, 4 and 6)

Material and holotype — 10 small slabs
(198P1-5; 198P7-11) with more than 50 trace fossils altogether.
The holotype is on the slab 198P1. It is shown in Figure 6A. All
the remaining specimens in the slab are co-types.

Diagnosis. — Pouch-like structures in brown coal
and rarely in organic-rich siltstones, which display a J-shaped
limb that is distinctly wider than the other part of the pouch.

Description — Small, sand-filled tongues at the top
of a brown-coal layer or in pieces of wood. They are oriented
vertically at the top of the brown coal. The horizontal cross-sec-
tion (Fig. 6A) shows that the burrow displays a distinct limb on
only one side. Thus, it is a J-shaped rather than U-shaped struc-
ture. The limb is distinctly wider than the remaining part of the
pouch. The pouches are 4-7.5 mm wide, from 1.5 to 4 mm
thick in the limb (Fig. 5), and up to 7.5 mm high (deep). They
are scattered on the surface of the brown-coal layer without any
preferred orientation but they tend to occur in clusters. Individ-
ual burrows are 1-5 mm apart in a cluster. The clusters are lo-
cated 15-25 mm apart. Individual burrows are rare.

A. lithuanicum occurs in the 2 cm-thick top part of the layer
(Figs. 2C, 6B—C). Its top comprises the boundary between the
brown coal and the overlying sand or a lamina surface located
about 10 mm below the boundary (Fig. 6C). The boundary and
lamina surfaces are interpreted as two colonization surfaces.

Remarks. — The trace fossil described fits best the
ichnogenus Asthenopodichnium because of its overall shape
and occurrence in non-lithic substrates. It differs from A.
xylobiontum and A. ossibiontum in the distinct J-shaped limb
that is wider than the remaining part of the pouch (Fig. 4).

Form A
(Fig. 7A)

Material — A xylite (198P6) from the brown-coal
layer with a few borings.

Description. — Elongate oval depressions in the
surface of a wood fragment. The depressions are 8.5-11 mm
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Fig. 6. Asthenopodichnium lithuanicum isp. nov.

A — slab 198P1 with the holotype (H); B— slightly deformed A. lithuanicum at the top of the coal layer; C — two colonization surfaces
(1 and 2) at the top of the coal layer; field photographs in B and C

Fig. 7. Form A and lebensspuren related to Asthenopodichnium

A — form A in the surface of a piece of wood, 198P6; B — lebensspuren type B in the form of elongate depressions in the surface of Pleisto-
cene gyttja exposed in the bottom of the Neris River channel, NW of Vilnius, 198P13; C — lebensspuren type C in the form of pouche depres-
sions in the surface of Pleistocene gyttja, 198P12, the same location as in B

long, 1.8-2 mm wide, and up to 2 mm deep. They are oriented

parallel or sub-parallel to the wood grains. DISCUSSION
Remarks. — The depressions resemble Asthenopo-
dichnium xylobiontum Thenius 1979 in their size (Fig. 5) and The two ichnospecies of Asthenopodichnium, A.

outline. However, the latter trace fossil is deeper. However, itis ~ xylobiontum and A. ossibiontum, are borings in a hard substrate.
not excluded that it is a bottom part of A. xylobiontum thatre-  A. lithuanicum is a burrow because it occurs in the brown coal
mained after erosion of the surface part of the wood. and there is no evidence that the grains are cut by the tracemaker.
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Moreover, some of the burrows are slightly compactionally de-
formed (Fig. 6B) showing the substrate was still plastic. The oc-
currence of burrows and borings within an ichnogenus is not sur-
prising. There are even stranger examples, such as
Gastrochaenolites oelandicus from the Ordovician of Sweden,
which is known both as borings and burrows within the same
ichnospecies (Ekdale and Bromley, 2001).

Trace maker identification is an intriguing problem as re-
gards A. lithuanicum. Thenius (1979) on the basis of literature
and of recent material, referred Asthenopodichnium
xylobiontum to traces of mayflies of the family
Polymitarcidae = Ephoronidae (e.g., Tortopus, Asthenopus,
Povilla) produced in wood of recent lakes and rivers of
Paleotropis, Neotropis and the SE USA. Thenius (1979) in-
cluded within A. xylobiontum elongate depressions preserved
in a xylite in Late Tertiary brown coal in NW Germany on the
basis of material illustrated by Schenk (1937, fig. 6; also
Thenius, 1979, pl. 1, fig. 1). Recent depressions of this type
have been found in the bottom of channel of the Neris River
(Vilija), NE of Vilnius, Lithuania (lebensspuren type B;
Fig. 7B). The depressions are 9—-11 mm long, up to 2 mm wide
and up to 2 mm, exceptionally 4 mm deep. They occure on the
surface of a Pleistocene interglacial gyttja (160—180 ka). More-
over, such depressions have been found in pieces of wood from
the Vistula River near Warsaw, Poland (M. Paszkowski, pers.
comm.). The surface of the gyttja NW of Vilnius contains also
larger depressions (lebensspuren type C; Fig. 7C) with arcuate
bottoms, which are 11-12 mm long, 4-5 mm wide, and up to
10 mm deep. All of these can be ascribed to
Asthenopodichnium-like burrows (in gyttja) or borings (in
wood). This excludes mayflies of the family Polymitarcidae,
which do not now occur in Europe, except for Ephoron virgo
(Oliver). E. virgo, however, produces larger and deeper bur-
rows with distinct U-shaped limbs (Abel, 1935, fig. 370), up to
80 mm deep (e.g., Stief et al., 2004). Other Eurasian mayfly
larvae produce distinctly larger and deeper U-shaped burrows
(e.g., Russev, 1987; De, 2002). The same observations concern
trace fossils attributed to mayflies (Storch, 1926; Fiirsich and
Mayr, 1981). Therefore, interpretations of pouch-like trace fos-
sils and lebensspuren exclusively as traces of mayfly larvae can
be challenged. Unfortunately, an alternative, convincing inter-
pretation cannot be proposed. Pemberton and MacEachern
(1992, p. 56) and Pemberton et al. (1992, p. 18A; 2001, p. 81,
195) mentioned shallow, “sparse to profuse nonclavate etch-
ings” produced by isopod crustaceans in a freshwater wood
substrate, but more detailed characteristics were not provided.
Hoffmann and Hering (2000) distinguished facultative
xylophagous taxa among freshwater Gastropoda, Trichoptera,
Isopoda, Coleoptera, and obligate xylophagous animals among
freshwater Diptera, Trichoptra and Coleoptera. Their

lebensspuren, however, are unknown. The geometry and loca-
tion in the section suggest that the tracemaker A. lithuanicum
was probably a suspension feeder forming domichnial
pouch-like depressions as shelters.

A. lithuanicum was formed at the top of peaty gyttja layer
(now the brown coal), which probably formed in an oxbow
lake. The peaty gyttja was probably exposed by a crevasse initi-
ating the cutting of a new channel in a fluvial plain and entering
the oxbow lake. The exposed layer was probably stiff (a
stiffground sensu Wetzel and Uchman, 1998) as indicated by
well-outlined trace fossils, which are only locally slightly com-
pacted. At least two colonization surfaces can be seen (Fig. 6C)
in places when the coal is thickest. Probably, after the first colo-
nization, the burrows were filled passively with sand of a distal
crevasse. Later, on a thin, about 1 cm-thick layer of peaty gyttja
accumulated. After colonization of this thin layer, crevasse and
river channel sediments accumulated and filled the burrows.

Asthenopodichnium lithuanicum and related forms have
been found only in brown coal, gyttja or wood. This suggests
that this trace fossil is a substrate-specific form. Its interpreta-
tion as a suspension feeder domichnion, however, makes diffi-
culties in explaining how the tracemaker benefits from the
coaly or woody substrate. In comparison to clastic stiff sub-
strates, brown coal or woody substrates are softer and their
thermal conductivity is higher. Therefore, production of cavi-
ties can be easier in brown coal or wood. Moreover, they give
more protection against changes of temperature in a fluvial en-
vironment, which can be important for life of the tracemaker.

CONCLUSIONS

1. Asthenopodichnium lithuanicum from brown-coal de-
posits of Neogene age in Lithuania is a new ichnospecies dis-
tinguished by its pouch-shape with a J-shaped limb that is dis-
tinctly wider than the remaining part of the limb.

2. A. lithuanicum occurs at the top of a brown coal layer that
was exposed by river action during the Pliocene and was
formed in a stiffground.

3. A. lithuanicum was produced by a suspension feeder form-
ing pouch-like domichnial cavities. Mayfly larvae may perhaps
be considered as candidates for its tracemaker. Other arthropods
(amphipods, isopods) are also possibilities.

Acknowledgements. Alfred Uchman was supported by the
Jagiellonian University (BW funds) and the Lithuanian State
Science and Study Foundation. The paper benefited from re-
view by Grzegorz Pienkowski (Warsaw) and further improve-
ments proposed by Marek Narkiewicz (Warsaw).



The trace fossil Asthenopodichnium lithuanicum isp. nov. from Late Neogene brown-coal deposits, Lithuania 335

REFERENCES

ABEL O. (1935) — Vorzeitliche Lebensspuren. Gustav Fischer. Jena.

BALTAKIS V. 1. (1966) — Paladgene und Neogene Sedimentformationen
und Lithologische Komplexe im Siidbaltikum (in Russian with Lithu-
anian and German summaries). Trudy, 3: 277-321.

BANN K. L., MACEACHERN J. A. and GINGRAS M. K. (2005) —
Changes in latitude, changes in attitude: two outstanding modern oc-
currences of the Teredolites ichnofacies. In: VIII International
Ichnofabric Workshop, Auckland, New Zealand, February 17-23,
2005. Programme and Abstracts (eds. K. A. Campbell and M. R. Greg-
ory): 10-12. University of Auckland.

BERTLING M., BRADDY S., BROMLEY R. G., DEMATHIEU G. D.,
GENISE J. F,, MIKULAS R., NIELSEN J.-K., NIELSEN K. S. S.,
RINDSBERG A. K., SCHLIRF M. and UCHMAN A. (2006) —
Names for trace fossils: a uniform approach. Lethaia, 39: 265-286.

BLACKENHORN M. (1916) — Organische Reste im mittleren
Bundsandstein Hessen. Sitz. Gesell. Beford. Geschr. Naturwis. Mar-
burg, 1916: 21-43.

BROMLEY R. G. (1970) — Borings as trace fossils and Entobia cretacea
Portlock, as an example. In: Trace Fossils (eds. T. P. Crimes and J. C.
Harper). Geol. J., Spec. Issue, 3: 49-90.

BROMLEY R. G., PEMBERTON G. S. and RAHMANIR. A. (1984) — A
Cretaceous woodground: the Teredolites ichnofacies. J. Palacont., 58:
488-498.

DALINKEVICIUS J. (1933) — Tertidr ablagerungen Litauens mit
Beriicksichtingung ~ des  mitteldevonischen Old Red des
Sventoji-Flusses als ihre Unterlage. Ph.D. Thesis. Library Vilnius
University.

DALINKEVICIUS J. (1960) — Trietichniye otlozhenya Yuzhnoy
Pribaltiki.  Inst. Geol. Geogr. AN Litovskoy SSR, Nauchnye
Soobshchenya, 12: 9-15.

DE C. (2002) — Continental mayfly burrows within relict-ground in
inter-tidal beach profile of Bay of Bengal coast: a new ichnological ev-
idence of Holocene marine transgression. Current Sc., 83 (1): 64-67.

EKDALE A. A. and BROMLEY R. G. (2001) — Bioerosional innovation
for living in carbonate hardgrounds in the Early Ordovician of Swe-
den. Lethaia, 34: 1-12.

FURSICH F. T. and MAYR H. (1981) — Non-marine Rhizocorallium
(trace fossil) from the Upper Freshwater Molasse (Upper Miocene) of
southern Germany. Neues Jb. Geol. Paldont., Mh., 1981(6): 321-333.

GAIGALAS A. (1987) — Pogrannichnie sloi i granitza
paleogena-chetvertichnoy sistemy v Baltiyskom regioniye. In:
Granitza mezhdu paleogenovoy i chetvertichnoy sistemami w SSR
(eds. M. N. Alekseev and K. V Nikiforova): 13-26. Nauka. Moscow.

HANTZSCHEL W. (1975) — Trace fossils and problematica. In: Treatise
on Invertebrate Paleontology, Part W, Miscellanea, Supplement I (ed.
C. Teichert). Geol. Soc. Am. Univ. Kansas. Boulder. Lawrence.

HOFFMANN A. and HERING D. (2000) — Wood associated
macroinvertebrate fauna in central European streams. Internat. Rev.
Hydrobiol., 85 (1): 25-48.

KATINAS V. (1971) — Amber and amber-bearing deposits of the South-
ern Baltic Area (in Russian with Lithuanian and English summaries).
Mintis. Vilnius.

KATINAS V. (1994) — Neogene. In: Lithuania’s Geology (eds. A.
Grigelis and V. Kadiinas): 175-176 (in Lithuanian with English and
Russian summaries). Mokslo ir enciklopediyu leidykla. Vilnius.

KELLY S. R. A. and BROMLEY R. G. (1984) — Ichnological nomencla-
ture of clavate borings. Palaeontology, 27: 793—-807.

KIM J. Y. and PAIK L. S. (1997) — Nonmarine Diplocraterion luniforme
(Blanckenhorn 1916) from the Hasandong Formation (Cretaceous) of
the Jinju area, Korea. Ichnos, 5: 131-138.

KONDRATIENE O. (1971) — Palaeobotanical characteristic of main sec-
tions. A. Spore-and-pollen analyses. In: Aufbau, lithologie und
stratigraphie der ablagerungen des unterpleistozéns in Litauen (eds. O.
Kondratiené and P. Vaitiektinas, in Russian with Lithuanian and Ger-

many summaries). Upravlene Geologii pri Sovete Ministrov
Litovskoy SSR, LitNIGRI, 14: 57-105. Vilnius. Mintis.

PAPP A. (1949) — Uber Lebensspuren aus dem Jungtertiir des Wiener
Beckens. Sitz. Osterr. Akad. Wiss. Wien, Math.-Naturwiss. K1., Abt.,
1, 158: 667-670.

PAPP A.and THENIUS E. (1954) — Vésendorf — ein Lebensbild aus dem
Pannon des Wiener Beckens. Mitt. Geol. Ges. Wien, 46: 1-109.

PASKEVICIUS J. (1994) — The Geology of the Baltic Republics.
Valstybinis leidybos centras. Vilnius.

PASKEVICIUS J. (1997) — The Geology of the Baltic Republics.
Valstybinis leidybos centras. Vilnius.

PEMBERTON S. G., FREY R. W., RANGER M. J. and MACEACHERN
J. (1992) — The conceptual framework of ichnology. In: Applications
of Ichnology to Petroleum Exploration. A Core Workshop. (ed. S. G.
Pemberton). Soc. Sediment. (SEPM), Core Workshop, 17: 1-32. Cal-
gary.

PEMBERTON S. G., MACEACHERN J. A. and FREY R. W. (1992) —
Trace fossil facies models: environmental and allostratigraphic signif-
icance. In: Facies Models: Response to Sea Level Change (eds. R. G.
Walker and N. P. James): 47-72. Geol. Ass. Canada, St. Johns, New-
foundland.

PEMBERTON G. S., SPILA M., PULHAM A. J., SAUNDERS T,
MACEACHERN J. A., ROBBINS D. and SINCLAIR I. K. (2001) —
Ichnology and Sedimentology of shallow to marginal marine systems:
Ben Nevis and Avalon Reservoirs, Jeanne D’Arc Basin. Geol. Ass.
Canada, Short Course Notes, 15.

PHILIPP H. and WEHRLI H. (1936) — Bohrloher von Pholadiden in
Ligniten aus dem Dach und dem Hangenden der Grube Fischbach
(Ville). Zbl. Miner., 1936 (1): 15-20.

RISKIENE M. (1971) — Paleobotanicheskaya charakteristika opornih
razrezov. B. Paleokarplogicheskoe issledovanya. In: Aufbau,
lithologie und stratigraphie der ablagerungen des unterpleistozins in
Litauen (eds. O. Kondratiené and P. Vaitiekiinas; in Russian with Lith-
uanian and German summaries). Upravlene Geologii pri Sovete
Ministrov Litovskoy SSR, LitNIGRI, 14: 1105-115. Vilnius. Mintis.

RUSSEV B. K. (1987) — Ecology, life history and distribution of
Palingenia longicauda (Oliver) (Ephemeroptera). Tijdschrift voor
Entomologie, 130: 109-127.

SAINT-SEINE R. and DE C. (1951) — Un Cirripede acrothoracique du
Crétacé, Rogerella lecontrei n. g., n. sp. Comp. Rend., Acad. Sc.,
233:1051-1053.

SAINT-SEINE R. and DE C.. (1956) — Les Cirripédes acrothoraciques
échinocoles. Bull. Soc. Géol. France, Sér. 6, 5: 299-303.

SAVRDA C. E., OZALAS K., DEMKO T. H., HUCHISON, R. A. and
SCHEIWE T. D. (1993) — Log-grounds and the ichnofossil
Teredolites in transgressive deposits of the Clayton Formation (lower
Paleocene), Western Alabama. Palaios, 8: 311-324.

SCHENK E. (1937) — InsektenfraBgdnge Bohrléher von Pholadiden in
Ligniten aus dem Braunkohlenfl6z bei K6In. Neues Jb. Miner., Geol.
Paldont., Abt. B, 77: 392-401.

SLIAUPA S., CIZIENE J. and LAZAUSKIENE J. (2000) — Pre-Quater-
nary Geological Map, scale 1:200 000. Geol. Surv. Lithuania. Vilnius.

STIEF P., ALTMANN D., DE BEER D., BIEG R. and KURECK A. (2004)
— Microbial activities in the burrow environment of the potamal may-
fly Ephoron virgo. Freshwater Biol., 19 (9): 1152-1163.

STORCH O. (1926) — Uber die Bohrginge im FluBschlamm der March in
Niederosterreich. Paldont. Zeitschr., 7: 32-33.

TAYLOR G. H., TEICHMULLER M., DAVIS A., DIESSEL C. F. K,
LITTKE R. and ROBERT P. (1998) — Organic Petrology. Gebriider
Borntraeger. Berlin and Stuttgart.

THENIUS E. (1979) — Lebensspuren von Ephemeropteran-Larven aus
dem Jung-Tertidr des Wiener Beckens. Ann. Naturhist. Mus. Wien, 82:
177-188.

THENIUS E. (1988) — Lebensspuren von aquatischen Insektenlarven aus
dem Jungtertiir Niederosterreichs. Trace fossils from nymphs of
aquatic insects from the Neogene of Lower Austria. Beitr. Paldont.
Osterr., 14: 1-17.



336 Alfred Uchman, Algirdas Gaigalas, Monika Melesyté and Vaidotas Kazakauskas

VAITEKNUAS P. P. (1977) — Pogranichniye horizonty mezhdu
neogenem i anttropogenem. In: Granitza mezhdu neogenom i
antropogenom v uslovyah Pribaltiki (eds. B. N. Gurskyi and E. A.
Levkov): 199-215. Nauka i Technika. Minsk.

VAITIEKNUAS P. P. and KHOMUTOVA V. (1972) — Razrez Vetigala
(Litovskaya SSR) i eho stratigraficheskoe znachene. Dok. Akad. Nauk
SSR, Geol., 203 (5): 1143-1146.

VIENOZINSKIENE A. (1960) — Paleontologicheskoye kompleksi
paleogena in neogena Yuzhnoy Probaltiki. Inst. Geol. Geogr. AN
Litovskoy SSR, Nauchnye Soobshchenya, 12: 41-46.

WETZEL A. and UCHMAN A. (1998) — Biogenic sedimentary structures
in mudrocks — an overview. In: Shales and Mudrocks I (eds. J
Schieber, W. Zimmerle and P. Sethi): 351-369. Schweizerbart.
Stuttgart.



