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Upper Triassic (Keuper) non-marine trace fossils from the HaBberge area
(Franconia, south-eastern Germany)
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Abstract: Various trace fossils from the Hassberge Formation
and the Loéwenstein Formation (Middle Keuper, Upper
Triassic) of the HalBberge region are described. Twenty-three
different forms have been identified, 17 of which are named,
including Cruziana pascens n. isp., Lockeia cunctator n. isp.,
and Rusophycus versans n.isp. Lockeia siliquaria JAMES,
1879, L. amygdaloides (SEILACHER, 1953), L. triangulichnus
KM, 1994, and L. elongata (Y ANG, 1984) are revised and syno-
nymized under the oldest available name, L. siliquaria JAMES,
1879. Rusophycus eutendorfensis (LINCK, 1942) and R.
carbonarius DAWSON, 1864 are revised. The diagnosis of
Polykladichnus FURSICH, 1981 is emended, and a diagnosis for
Helminthoidichnites FITCH, 1850 is given for the first time.
Among the described ichnotaxa, Skolithos ispp., Rusophycus
carbonarius, and Taenidium barretti are the most common
forms. The trace fossil association is typical of the Scoyenia
ichnofacies, which indicates non-marine, periodically or com-
pletely inundated environments, such as floodplains and lake
margins. Two palaeoichnocoenoses are identified. One ichno-
coenosis, dominated by Cruziana problematica, cf. Poly-
kladichnus isp., and Skolithos isp. B characterizes margins of
trough cross-bedded sandstones. Another ichnocoenosis, domi-
nated by Rusophycus versans n. isp., Taenidium barretti,
Scoyenia gracilis and Skolithos isp. A is related to ephemeral
lake deposits. Taxonomic recommendations for the use of hith-
erto described and figured invertebrate Keuper trace fossils
from Germany are given.

Keywords: Upper Triassic, Keuper, non-marine, trace fossils,
south-eastern Germany.

Zusammenfassung: Aus dem mittleren Keuper (Hassberge
Formation, Lowenstein Formation) der HaBBberge in Unterfran-
ken wird eine sehr reichhaltige Spurenfauna beschrieben. Es
kdnnen insgesamt 23 verschiedene Formen unterschieden wer-
den, wovon 17 formell beschrieben werden. Unter ihnen wer-
den Cruziana pascens n. isp., Lockeia cunctator n. isp und
Rusophycus versans n.isp. erstmals beschrieben. Lockeia
siliquaria JAMES, 1879, L. amygdaloides (SEILACHER, 1953),
L. triangulichnus KM, 1994 und L. elongata (YANG, 1984)
werden revidiert und unter dem dltesten verfiigbaren Synonym
L. siliquaria JAMES, 1879 zusammengefaBBt. Rusophycus
eutendorfensis (LINCK, 1942) und R. carbonarius DAWSON,
1864 werden ebenfalls revidiert. Die Diagnose von Poly-
kladichnus FORsIcH, 1981 wird emendiert, und zu Helmin-
thoidichnites FITCH, 1850 wird erstmals eine Diagnose erstellt.
Unter den bearbeiteten Formen sind Skolithos ispp., Ruso-

phycus carbonarius und Taenidium barretti die hiufigsten
Spurenfossilien. Die Spurengemeinschaft kann der Scoyenia-
Ichnofazies zugeordnet werden, die charakteristisch fiir
nichtmarine Ablagerungen randlicher Bereiche ephemerer
Seen sowie fiir Uberflutungsebenen ausgedehnter Fluss-
systeme ist. Innerhalb der gesamten Spurenassoziation kénnen
zwei Paldoichnozénosen unterschieden werden: (1) Eine von
Cruziana prolematica, cf. Polykladichnus isp. sowie Skolithos
isp. B dominierte Ichnozonose, die auf randliche Bereiche
rinnenférmiger Sandsteinkorper beschrinkt ist, und (2) eine
hauptsdchlich von Rusophycus versans n. isp., Taenidium
barretti, Scoyenia gracilis sowie Skolithos isp. A aufgebaute
Ichnozoénose. Diese Ichnocoenose ist typisch fiir die Ablage-
rungen ephemerer Seen. Abschlielend werden Vorschlidge zur
Nomenklatur von Spurenfossilien gegeben, die bereits friiher
aus dem Keuper Deutschlands beschrieben wurden.

Schliisselworter: Ober Trias, Keuper, nicht marin, Spuren-
fossilien, Siidost-Deutschland.

Introduction

The Keuper beds (Upper Triassic) of southern Germany
are predominantly composed of rocks representing vari-
ous non-marine environments but dominated by red bed

Halfurt a. Main

Eltmann a. Main

Fig. 1. Location map of the study area (Haberge, Franconia).
(1) quarry south of Eltmann, (2) Frankische Schleifsteinwerke
GmbH, (3) Vetter GmbH near Schénbach, and (4) Bamberger
Natursteinwerk near Dorflis.
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facies. Although ichnological data on Keuper deposits are
quite scattered in the literature (KUHN 1937; LINCK 1949,
1961; FREYBERG 1968; SEILACHER 1981) the material de-
scribed herein includes a variety of trace fossils, which
are useful for the palacoenvironmental interpretation of
the rock sequence.

A great variety of trace fossils has been found in the
Keuper deposits around Eltmann, Franconia, SE Ger-
many (Fig. 1). The main purpose of this article is a sys-
tematic description and discussion of these trace fossils,
followed by a brief discussion of their value for palaeo-
environmental reconstructions of non-marine environ-
ments.

Geological setting

The exposed Late Triassic rocks of the Haf3berge area and
north-eastern part of the Steigerwald belong to the sedi-
mentary fill of a half-graben, located between the
Franconian platform in the SW and the Bohemian Mas-
sif in the NE (ZIEGLER 1990). This half-graben is divided
into several fault blocks, which are directed orthogonally
toward the half-graben fault. The deposition was mainly
controlled by tectonic activitiy along the Thuringian
Fault or the Franconian Lineament, representing the ac-
tive half-graben fault. There is no evidence of eustatic
sea-level fluctuations in the studied sections, although
elsewhere they have been well documented in Triassic
sediments of the Germanic Basin (AIGNER & BACHMANN
1992). Possibly, the continuous sediment supply from the
Bohemian Massif and the tectonic regime overprinted
any eustatic signals. During the Keuper interval, the half-
graben, situated at the margin of the Germanic Basin, was
filled with non-marine sediments of fluvial and lacustrine
origins, which in places, contain a great variety and abun-
dance of trace fossils (Fig. 2). The studied sections are
about 40 m thick and belong to the Hassberge Formation
(previously known as Coburger Sandstein and Blasen-
sandstein) and the Lowenstein Formation (previously
known as Burgsandstein) (BEUTLER 1998). The precise
age of the exposed rocks is difficult to determine since
the sediments are devoid of any index fossils and no vol-
canic rocks suitable for age dating by physical methods
are known. BEUTLER (1998) gives a latest Carnian to
early Norian age for the mentioned formations, whereas
the upper and lower boundaries of the Hassberge Forma-
tion are diachronous (Fig. 3).

Trace fossils

Trace fossils have been collected in the following quar-
ries: (1) south of Eltmann, (2) Frinkische Schleifstein-

Fig. 2. Generalized graphic logs of the Keuper deposits in the
studied outcrops.

werke GmbH, (3) Vetter GmbH near Schénbach, and (4)
Bamberger Natursteinwerk near Dorflis (all Hassberge
and Lowenstein formations; Fig. 3). The described speci-
mens are housed in the collection of the Institut fiir

Paldontologie der Universitit in Wiirzburg (acronym
PIW 1998 VIII).

Systematic ichnology (M. SchLIRF & A. Uchman)

Stationary domichnia/fodinichnia

Ichnogenus Polykladichrus FURSICH, 1981

Type ichnospecies: Polykladichnus irregularis FURSICH, 1981:
3, fig. 2, pl. 3 fig. 1-4.

1991 Arborichnus new ichnogen. — EKDALE & LEWIS: 264, fig.
3-4.

Emended diagnosis: Lined or unlined, vertical tubes
with Y- or U-shaped bifurcations with slight enlarge-
ments at points of bifurcation; usually connecting to the
bedding surface.

Remarks: Polykladichnus is typified by P. irregularis
FURsIcH, 1981 from marginal marine Jurassic deposits in
Portugal. It is described as a small vertical burrow with a
lined tube, 2-5 mm in diameter, and with Y-shaped bifur-
cations. The material herein described is unlined. Like
Spongeliomorpha, however, a lining is not considered a
diagnostic feature on the ichnogeneric level (see SCHLIRF
2000 for further discussion). In addition, similar trace
fossils were observed in Miocene non-marine sediments
from northern Spain (UCHMAN & ArLvaro 2000), but
these have U-shaped bifurcations. The upwardly di-
rected, Y- or U-shaped bifurcations are regarded as the
most diagnostic feature of this ichnogenus. For this rea-
son, the original diagnosis of FURSICH (1981) is emended.

Arborichnus sparsus EKDALE & LEWIS (1991: 265, fig.
3-4) from Quaternary fan delta deposits of New Zealand
is synonymous with Polykladichnus irregularis.

cf. Polykladichnus isp.
Fig. 4A

Material: PIW1998VIII-36.

Description: Vertical to subvertical, slightly arcuate, cy-
lindrical shafts with a lateral, upward bending branch,
showing slight enlargements at points of bifurcation.
Shaft diameter 2-3 mm, length 55-95 mm. Lower part
filled with sandstone similar to host rock, upper part
filled with silty clay from overlying bed.

Remarks: Polykladichnus in non-marine environments
may be interpreted as a burrow of insects. Similar forms
are, for example, produced by staphylinid beetles of the
genus Bledius (LARSEN 1936; RATCLIFFE & FAGERSTROM
1980). Arenicolites isp. in BROMLEY & ASGAARD (1979:
fig. 3-4), displays a similar pattern, but is slightly thinner
and shows a much higher burrow density. However,
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Fig. 3. Chrono- and lithostratigraphy of the studied rock sections (modified after BEUTLER 1998, age dates for stages from Inter-
national Stratigraphic Chart; absolute ages on the right site of age-column from BEUTLER 1998); * traditional lithostratigraphic

names.

among their specimens of Arenicolites isp. are obvious
U-shaped burrows. These trace fossils were interpreted
by the authors as produced by annelids and referred to
burrows of tubificid oligochaetes illustrated by REINECK
(1974: pl. 3 fig. 11). However, morphological similari-
ties between them are doubtful.

Ichnogenus Skolithos HALDEMAN, 1840

Type ichnospecies: Fucoides? linearis HALDEMAN, 1840: 3.

Diagnosis: see SCHLIRF 2000: 151.

Skolithos isp. A
Fig. 4B, D-E

Material: PIW1998VIII-31-35, 39-40, 45-46, 51, 54-55, 82,
86, numerous field observations.

Description: Cylindrical, vertical, slightly curved, rarely
straight, unlined burrows, with or without smooth or in-
distinctly striated external burrow surface and hemi-
spherical terminations. Burrow length 65-90 mm, burrow
diameter 9-10 mm; burrow fill predominantly massive
and identical with overlying sediment. In a few speci-
mens, local isolated convex-down, menisci are observed.
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Positive hyporeliefs of hemispherical, strongly elevated
knobs, covered with indistinct striae, occur occasionally
(Fig. 4D-E). Burrows are relatively isolated and appear
predominantly as circular projections on the tops of bed-
ding planes.

Remarks: The isolated menisci probably resulted from
gradual filling of the burrow and its later compaction.
Hemispherical, sculptured terminations of Skolithos were
also described by BROMLEY & ASGAARD (1979).

Relatively large vertical shafts such as the forms from
the HaBBberge, were previously described as Cylindricum
LiINCK, 1949 (see Tab. 1); an ichnogenus which was partly
included in Skolithos by ALPERT (1974).

Skolithos predominantly occurs in various shallow-
marine environments from the Late Precambrian to the
Recent (FILLION & PICKERILL 1990) and is generally re-
garded as feeding and dwelling burrow of annelids or
phoronids (ALPERT 1974). Occasionally, Skolithos has
been reported from non-marine environments (e.g.,
BROMLEY & ASGAARD 1979). In these cases, it may have
originated from burrowing activities of insects or spiders
and can be interpreted as dwellings or shelters (RATCLIFFE
& FAGERSTROM 1980).

Skolithos isp. B
Fig. 4C, F-H

Material: PIW1998VIII-26, 31, 38, 40-43, 47-53, 57-64,
82-85.

Description: Vertical, cylindrical, slightly curved, rarely
straight, thinly lined or unlined burrows; length 19-
50 mm, width 3-4 mm. Lower terminations rounded.
Burrow fill massive, similar or different to host rock.
These trace fossils are commonly observed only as cir-
cular projections on bedding planes or parting surfaces.

Remarks: Skolithos isp. B occurs together with cf.
Polykladichnus isp. It corresponds in size and associated
trace fossils to Skolithos isp. B from the “terrestrial suite”
in BROMLEY & ASGAARD (1979). However, whereas their
Arenicolites isp. is like our cf. Polykladichnus isp.,
Skolithos isp. B is interpreted as an insect burrow.

Cubichnia/fodinichnia

Ichnogenus Lockeia JAMES, 1879

Type ichnospecies: Lockeia siliquaria JAMES, 1879: 17.

Emended diagnosis: Bilaterally symmetrical, elongated,
commonly almond-shaped, heart-shaped, club-shaped to
dumbbell-like or rarely of triangular shape, with smooth
margin; predominantly preserved as isolated or row-like
arrangements of, hypichnial mounds; single segments
commonly with a distinct median crest. Vertical spreite
may be present.

Remarks: Since the diagnoses for Lockeia given by
RINDSBERG (1994) and SEILACHER & SEILACHER (1994)
contain information on the possible producer, substrate,

and ethology, they are considered to be too interpretative
and, thus, are modified.

Isolated Lockeia is commonly interpreted as a bivalve
resting trace most probably produced by an animal with
a wedge-foot (SEILACHER & SEILACHER 1994). The newly
introduced ichnospecies Lockeia cunctator is interpreted
as locomotion trace with a resting or probing component.
Lockeia in general occurs in marine and non-marine en-
vironments since the ?Late Cambrian (FILLION &
PrckerILL 1990). However, small crustaceans may have
also produced such traces (BROMLEY & ASGAARD 1979;
PoLLARD 1981).

Lockeia cunctator SCHLIRF & UCHMAN n. isp.
Fig. 5, 6A

1992 Treptichnus bifurcus MILLER. — METZ: 31, fig. 6.

Derivatio nominis: cunctator (Latin) = waverer.

Holotype: PIW1998VIII-17.

Locus typicus: Quarry of the Vetter GmbH near Schénbach.
Stratum typicum: Hassberge Formation.

Diagnosis: Horizontal to oblique club-shaped or dumb-
bell-like to almond-shaped probes more-or-less arranged
in a row. Clubs diverge laterally, bilaterally, or semi-
radially from main axis of the row; all inclined in the
same direction with respect to the row.

Description: Hypichnial, horizontal, segmented, wind-
ing row or cluster composed of dumbbell-like, almond-
or wedge-shaped, asymmetric ridges; terminations of
ridges hemispherical or drop-like. Each dumbbell struc-
ture is 9-10 mm long and up to 4.5 mm wide. Wedge-like
segments display a chevron-like pattern. One segment
shows a calyx-like pattern.

Discussion: The club- to almond-shaped probes, ar-
ranged in a row, are somewhat transitional to typical iso-
lated, almond-shaped Lockeia and the calyx-like segmen-
tation in Protovirgularia. Lockeia cunctator n. isp. shows
locomotion as well as probing in various directions. The
producer stopped at a spot from which it probed the sedi-
ment for unknown reasons and then moved on. This pat-
tern is basically different from those of similar trace fos-
sils and demands the introduction of a new ichnospecies.
The enlargements of the dumbbells probably indicate an
expansion of the foot during anchoring. If a single seg-
ment of L. cunctator is found, it may be confused with
other Lockeia or Protovirgularia. However, this is no
objection against the introduction of a new ichnospecies,
because single parts of the burrow parts can easily be
mistaken. For example, smooth segments of Spongelio-
morpha (sensu SCHLIRF 2000) can easily be confused
with Planolites.

The chevron pattern, and particularly the calyx-like
segment, resemble Protovirgularia, which, however,
does not display dumbbell-like clubs or almond-shaped
segments.

Remarks: Similar asymmetric traces were produced ex-
perimentally as undertracks of the bivalve Macoma kept
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Fig. 4. — A: cf. Polykladichnus isp. Full relief, lateral view; Schleifsteinwerke quarry; x 1.3; PIW1998VI1-36. B: Skolithos isp.
A. Full relief, lateral view; Vetter quarry; x 1.3; PIW1998VIII-32. C: Skolithos isp. B. Full relief, lateral view; Schleifsteinwerke
quarry; x 1.3; PIW1998VIII-41. D-E: Sculptured terminations of Skolithos isp. A. Positive hyporelief, basal view; Naturstein-
werk quarry; x 1.3; PIW1998VIII-86. F-H: Skolithos isp. B. F. Epirelief, top view; natural size; H. full relief, lateral view; x 0.75;
Schleifsteinwerke quarry; PIW1998VIII-42; G. positive epirelief, top view; Natursteinwerk quarry; natural size; PIW1998 VIII-
26. Scale bars: | cm.
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Fig. 5. Interpretative sketch of Lockeia cunctator n. isp.

in an aquarium (SEILACHER & SEILACHER 1994: pl. 1 fig.
c-d). Especially, the form illustrated in SEILACHER &
SEILACHER (1994: pl. 1 fig. c) is very similar to the traces
described herein, although Macoma is not considered a
possible producer of the studied material, since it is a
marine bivalve. SEILACHER & SEILACHER (1994) included
this form in the resting trace Lockeia. However, we re-
gard the studied form as both pascichnial and cubichnial.

Treptichnus bifurcus MILLER, described by METZ
(1992) from the non-marine deposits of New Jersey,
USA, displays a similar pattern, especially with respect
to the clubs with enlarged terminations. Therefore, it is
regarded as a synonym. Nevertheless, the type material
of T. bifurcus MILLER does not display these features
{(Buators & MANGANO 1993). It cannot be excluded that
at least some Phycodes curvipalmatus POLLARD, 1981 be-
long to Lockeia cunctator. However, this problem re-
quires a detailed analysis of hitherto documented
Phycodes curvipalmatus, which is beyond the scope of
this study. Bivalves, probably unionids, are suggested as
possible producers.

Lockeia siliquaria James, 1879

Fig. 6B-C
* 1879 Lockeia siliquaria JAMES: 17.
1953b  Pelecypodichnus amygdaloides n. g. n. sp. —
SEILACHER: 105, pl. 10 fig. 1, pl. 12 fig. 1-3.
1977 Pelecypodichnus sp. — HAKESs: 223, pl. 1 fig. d.
1979 Pelecypodichnus amygdaloides SEILACHER. —
BROMLEY & ASGAARD, p. 46, fig. SA-C.
1984 Lockeia siliquaria JAMES, 1879. — ARCHER &
MapLES: 450, fig. 4D.
7 1984 Pelecypodichnus elongatus ichnosp. nov. —
YANG: 713, pl. 3 fig. 9. [nomen nudum].
1990 Lockeia avalonensis ichnosp. nov. — FILLION &
PrckerILL: 39, pl. O fig. 1-5, pl. 12 fig. 6.
1990a  Pelecypodichnus amygdaloides SEILACHER
1953. - DaM: 138, fig. 9¢.
1990b  Pelecypodichnus amygdaloides. — DAM: fig. 8.
1994 Lockeia siliquaria JAMES 1879. — Kim: 222,

fig. 4a, 5.

ATE

Fig. 6.— A: Lockeia cunctator n. isp. Positive hyporelief, basal
view; Vetter quarry; X 1.3; holotype, PIW1998VIII-17. B-C:
Lockeia siliquaria JAMES, 1879. B. Positive hyporelief, basal
view; Eltmann quarry; x 1.3; PIW1998VIII-23. C. Dense
occurrence, positive hyporelief, basal view; Vetter quarry;
x 0.7; PIW1998VIII-76. Scale bars: 1 cm.

1994 Lockeia amygdaloides (SEILACHER 1953). —
Kim: 223, fig. 4b, 6.

1994 L. triangulichnus nov. ichnosp. — Kim: 223,
fig. 4-C, 5.

1995 Lockeia siliquaria JAMES 1879 — METZ: 45,
fig. 3b.

For further synonymy see Kim (1994).
Material: PIW1998VIII-23, 76-78.

Emended diagnosis: Thin, elongated to stout, generally
high-relief, almond-shaped, smooth hypichnial ridges,
with strongly arcuate to almost obtuse terminations; oc-
casionally showing vertical spreite.

Description: Smooth, hypichnial, predominantly
straight, variously oriented, gregarious, rarely single, al-
mond-shaped mounds elongated in different degree, with
pointed or obtuse terminations. Some of the mounds are
slightly arcuate or winding. Two size classes can be dis-
tinguished: (a) 26 mm long, and 7 mm across in the wid-
est portion, and (b) 5 mm long and 2 mm across.

Discussion: KiMm (1994) tried to demonstrate the tradi-
tional distinction between pointed, more stout Lockeia
amygdaloides (SEILACHER, 1953) and narrower Lockeia
siliquaria JAMES, 1879. Furthermore, L. avalonensis
FiLLION & PICKERILL, 1990 was introduced for relatively
stout, but non-pointed forms. However, our material dis-
plays all morphological types covered by these ichno-
species on the same slab, including transitional forms.
Upon close examination, the Ordovician forms of L.
amygdaloides and L. siliquaria from Korea (KM 1994
fig. 3, 6) show the same features, as does the material
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illustrated by BROMLEY & ASGAARD (1979: 47, fig. 5A).
Triangular forms of Lockeia described by Kim (1994) as
L. triangulichnus appear to be preservational variants of
L. amygdaloides instead of a proposed new ichnospecies.
Therefore, we regard L. amygdaloides (SEILACHER,
1953), L. avalonensis FILLION & PICKERILL, 1990, and L.
triangulichnus KM, 1994 as junior synonyms of Lockeia
siliquaria JAMES, 1879. Lockeia elongata (YANG, 1984)
is considered a nomen nudum since no holotype was men-
tioned and figured. SEILACHER & SEILACHER (1994) des-
ignated ‘Muschelspur’ in LINCK (1949) as holotype of L.
serialis. However, there are neither specimens, illustra-
tions, nor descriptions related to ‘Muschelspur’ in LINCK
1949 and, thus, L. serialis is considered a nomen nudum.

Ichnogenus Rusophycus HALL, 1852
Type ichnospecies: Fucoides biloba VANUXEM, 1842: 79.

Emended diagnosis: Short, bilobate, rarely multilobate
traces. Lobes predominantly bilaterally symmetrical.
Convex forms (hypichnia) with a distinct median furrow;
concave forms (epichnia) with median ridge. Outline
ovate to coffee-bean-shaped; sculptured with oblique to
transverse or longitudinal striae in various arrangements,
or almost smooth.

Remarks: Apart from obvious Rusophycus, there are
transitional forms to Cruziana, which show a length to
width ratio of about 2:1. This ratio has been recom-
mended by KEIGHLEY & PICKERILL (1996) as the diag-
nostic criterion for distinguishing between Cruziana and
Rusophycus. However, the transitional forms do not dis-
play evidence of a distinct downward directed digging
(SEILACHER 1970) typical of Rusophycus, which should
be considered as one of the most diagnostic features of
Rusophycus, expressed in the coffee-bean shape. This
and the presence of a more than bilobate Rusophycus (see
Rusophycus versans) made an emendation of the diagno-
sis necessary.

In the Palaeozoic, Rusophycus is said to be produced
predominantly by trilobites (see OsGoobp 1970 and
RINDSBERG 1994 for discussion). Mesozoic to Cenozoic
forms can be related to arthropod activities in general.

Rusophycus eutendorfensis (LINCK, 1942)
no Fig.

pt 1942 Isopodichnus sp. — LINCK: 234, fig. 1-2.

* 1942 Isopodichnus eutendorfensis n. sp. — LINCK: 238,
fig. 5, vertically oriented specimen at the centre of
the slab below the coin.

pt 1942 Isopodichnus eutendorfensis n. sp. — LINCK: 238,
fig. 5.

? 1942 Isopodichnus eutendorfensis n. sp. — LINCK: 239,
fig. 7.

Lectotype: Vertically oriented specimen at the centre of the
slab illustrated by LINCK (1942: 238, fig. 5), below the coin.

Diagnosis: Small, predominantly smooth, coffee-bean-
shaped forms with longitudinal striation along lobes;

lobes either parallel or diverging at one end. Occasion-
ally with perpendicular to transverse striation.

Discussion: LiNnck (1942) in his original description of
Rusophycus eutendorfensis (= Isopodichnus euten-
dorfensis in his paper) pointed out that the most impor-
tant feature and morphological difference to other
Rusophycus known so far, is the fact that his material is
predominantly smooth, elongated, diverging at one end,
and shows distinct longitudinal furrows along the lobes
“...vor allem aber zeigen manche der gestreckteren,
klaffenden Bucke! auf den Lateralwiilsten flache Lings-
rinnen, wie sie bei noch keinem anderen Isopodichnus-
Vorkommen beobachtet wurden.” (LINCK 1942: 238). He
also described a flat, perpendicularly to obliquely striated
form (LINCK 1942: 240, fig. 8) under the same name, but
as a form transitional to Cruziana (= Kriechspur in LINCK
1942). Unfortunately, this transitional form was selected
by FiLLION & PICKERILL (1990) as the lectotype of R.
eutendorfensis, despite the description given by LINCK.
This treatment is not according to the rules of L.C.Z.N.
(Paragraph 74). Other authors also regarded R. euten-
dorfensis as the perpendicularly to obliquely striated
form (BROMLEY & ASGAARD 1979; DEBRIETTE & GAND
1990; KEIGHLEY & PICKERILL 1996). According to the
original descriptions and illustrations by LINCK (1942),
the longitudinally striated forms are the only representa-
tives of R. eutendorfensis. Hence, we designate a new
lectotype (see above). A confusion of R. eutendorfensis
and R. didymus (SALTER) as discussed by FILLION &
PickERILL (1990: 55) is irrelevant, since the longitudinal
striation in R. eutendorfensis is a characteristic feature
unknown in R. didymus.

Rusophycus carbonarius Dawson, 1864
Fig. 7A-E

* 1864 Rusophycus carbonarius — DAWSON: 364, fig. 3.
1942 Isopodichnus eutendorfensis. — LINCK: 240, fig. 8.
pt 1979 Cruziana problematica (SCHNDEWOLF, 1921). —
BROMLEY & ASGAARD: 66, fig. 16A.
pt 1979 Rusophycus eutendorfensis (LINCK 1942). —
BROMLEY & ASGAARD: 64, fig. 17A, B, ?
fig. 17C, E.
non 1979 Rusophycus eutendorfensis (LINCK 1942). —
BROMLEY & ASGAARD: 17 D, F, 20A.
1990 Rusophycus eutendorfensis (LINCK, 1942). —
FiLLion & PickERILL: 55, pl. 13 fig. 11,
pt 1990 Isopodichnus eutendorfensis — DEBRIETTE &
GaND: 23, text-fig. 4, pl. 1 fig. A, B.

Emended diagnosis: Small, coffee-bean-shaped form
with transverse to oblique, generally fine striation. Lobes
parallel or slightly gaping.

Material: PIW1998VIII-1A-B, 7A-B, 9, 11A-B, 25, 81,
82, 85.

Description: Variably oriented, hypichnial, bilobate
mounds, 5-15 mm across, and 6-15 mm long, with a dis-
tributional maximum of 10-12 mm. Lobes separated by
median furrow, commonly wider and deeper towards
anterior end, where lobes are splayed. Lobes predomi-
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Fig. 7. — A-E: Rusophycus carbonarius DAWSON, 1864. Positive hyporelief, basal view; A: x 0.7; PIW1998VIII-1. B: x 0.7,
PIW1998VIII-81. C: x 1.2; PIW1998VIII-1. D: Natural size; PIW 1998 VIII-7. E: Natural size; PIW1998VIII- 1. All Vetter quarry.

Scale bars: 1 cm.

nantly smooth, rarely covered with fine oblique striae.
Overlaps common in case of dense occurrences (e.g.,
PIW1998VIII-7). Intergradation with Cruziana proble-
matica common.

This trace fossil co-occurs with Cruziana proble-
matica, Skolithos isp. B, and Planolites isp.

Remarks: KEIGHLEY & PICKERILL (1996) revised
Rusophycus carbonarius (DAWSON) and separated it from
R. eutendorfensis sensu FILLION & PICKERILL (1990) (see
discussion of R. eutendorfensis) on the basis of the lat-
eral range of the striation. They regarded the striation in

R. carbonarius as not extending beyond the margin of the
lobes in contrast to their R. eutendorfensis, in which the
striation extends beyond the margin. However, the range
of striation can be interpreted as a result of minor differ-
ences in the behaviour of the tracemaker as well as a
preservational artefact. In shallower burrows, the striae
can be produced easily beyond the margin of the main
part of the burrow. By contrast, in deeper burrows ap-
pendages of the tracemaker are too short for the produc-
tion of striae extending beyond the main burrow (Fig. 8).
Moreover, the lectotype of R. eutendorfensis selected by
FILLION & PICKERILL (1990) and discussed by KEIGHLEY
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Fig. 8. Preservational variants of Rusophycus carbonarius as a result of burrow depth. Upper line depicts vertical section at
sediment surface, lower part indicates resulting hypichnial preservation. (a) Very flat burrowing activity resulting in a wide gap
between the two lobes and poorly defined coffeebean-shape with scratches of different length resulting in a poorly defined burrow
outline. (b) Slightly deeper burrow resulting in a narrower gap, a better defined coffeebean-shape and burrow outline. (c) Deep
burrow with both ends similar in shape, resulting in a well defined coffeebean-shape with smooth burrow outline. (d) Very deep
burrow with steep posterior part and flat anterior part, resulting in a chevron-shaped posterior part; outline well defined.

& PICKERILL (1996) does not belong to R. eutendorfensis
(see discussion above). These facts allowed us to emend
the diagnosis of R. carbonarius DAWSON. However, for
the final solution of the discussed problem, the type ma-
terial of R. carbonarius (the location of which is currently
unknown) should be redescribed, since neither the illus-
tration by Dawson (1864: fig. 3) nor his description
present enough data for a precise characterization.
Rusophycus carbonarius was discussed by BROMLEY &
ASGAARD (1979) (= R. eutendorfensis in their paper) who
regarded their Triassic material as cubichnia of noto-
stracans. This interpretation can also be applied to our
material. BROMLEY & ASGAARD (1979) mentioned that
Palaeozoic forms related to trilobites show a comparable
behavioural pattern. The forms described herein do not
display a distinct change of direction in the striation,
which was described by BROMLEY & ASGAARD (1979).

Rusophycus versans SCHLIRF & UCHMAN n. isp.
Fig. 9, 10A-E

? 1955 Cruziana cf. irregularis (FENTON). [sic = FENTON &
FENTON] — SEILACHER: 105, fig. 5 (8).

Derivatio nominis: versare (Latin) = to twist, to rotate.
Holotype: PIW1998VIII-18.

Paratypes: PIW1998VIII-7A, 8, 9, 11B, 12A.

Locus typicus: Quarry of Vetter GmbH near Schénbach.
Stratum typicum: Hassberge Formation.

Diagnosis: Clusters of short, poorly sculptured, bilobate,
coffee-bean-shaped, hypichnial mounds, dispiaying ad-
ditional, more or less fan-like or irregularly arranged side
lobes.

Description: Clusters of variably oriented, small, very
short, bilobate, hypichnial mounds, with or without ante-
rior splay. Width 10-11 mm, length 8-9 mm. Lobes
smooth or rarely covered with oblique striation. Median
groove very narrow and shallow, commonly indistinct.
Burrow density high, overlaps common.

Remarks: All other known Rusophycus ichnospecies
only consist of one bilobate element. These morphologi-

Fig. 9. Morphological variants of Rusophycus versans n. isp.

cal differences suggest a different behavioural pattern of
the tracemaker. The additional radiating lobes resulted
from rotating movements of the tracemaker. The rotation
enabled the tracemaker to exploit the sediment more ef-
ficiently. Deposit-feeding notostracan crustaceans are
considered as possible producers.

Pascichnia/repichnia

Ichnogenus Cruziana D’ORBIGNY 1842

Type ichnospecies: Cruziana rugosa b’ORBIGNY, 1842: by sub-
sequent designation (MILLER 1889: 115).

Diagnosis: Elongated, band-like, bilobate or, rarely,
unilobate furrows or burrows covered by herringbone-
shaped or transverse ridges; with or without two outer
smooth or longitudinally striated zones outside the V-
markings; with or without lateral ridges and/or wisp-like
markings if preserved on bedding soles (FILLION &
PICKERILL 1990).
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Fig. 10. - A-E: Rusophycus versans n. isp. A. Arrow indicates trace segment caused by rotating movement of the tracemaker;
positive hyporelief, basal view; natural size; syntype, PIW1998VIII-9. B. Positive hyporelief, basal view; natural size; holotype,
PIW1998VIII-18. C: Full relief, lateral view; natural size; holotype, PIW1998VIII-18. D. Positive hyporelief, basal view; natural
size; syntype, PIW1998VIII-10. E. Arrow indicates trace segment caused by rotating movement of the tracemaker; positive
hyporelief, basal view; natural size; syntype, PIW1998VIII-8. All Vetter quarry. Scale bar: 1 cm.

Remarks: Cruziana was synonymized with Rusophycus
(SEILACHER 1970), but this view did not find general
acceptance (see FILLION & PICKERILL 1990 for discus-
sion). BROMLEY & ASGAARD (1979) included Isopod-
ichnus BORNEMANN, 1889 in Cruziana. This was not
accepted by HAakes (1985), PoLLARD (1985), and

SEILACHER (1985). However, there is obviously no sig-
nificant morphological difference between Isopodichnus
and Cruziana that would allow a separation of these
ichnogenera consistent with several ichnolgical proce-
dures (see also FILLION & PICKERILL 1990 for discussion).
The fact, that in contrast to Palaeozoic forms, no Meso-
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zoic and Cenozoic Cruziana can be produced by trilo-
bites is no objection for a synonymization, since the
possible producers of trace fossils are generally regarded
as irrelevant for ichnotaxonomy.

Cruziana pascens SCHLIRF & UCHMAN n. isp.
Fig. 11, 12A-D
Derivatio nominis: pascere (Latin) = to graze.
Holotype: PIW1998VIII-12C.
Paratypes: PIW1998VIII-11D-H, 29.
Locus typicus: Quarry of Vetter GmbH near Schénbach.
Stratum typicum: Hassberge Formation.

Diagnosis: Straight to meandering, sometimes rotating,
undulose Cruziana with fine striation, perpendicular or
slightly oblique with respect to main axis of each double
row; rows tend to be parallel.

Description: Hypichnial, straight to meandering, some-
times rotating, undulose double rows of fine striae, per-
pendicular or slightly oblique with respect to main axis
of a single row. Width of double row 10-14 mm. Number
of striae: 15 per centimetre. Rows tend to be parallel and
occur in high density.

Remarks: Cruziana pascens n. isp. differs from all other
known Cruziana ichnospecis by showing a meandering
and/or rotating pattern. Diplichnites triassicus (LINCK,
1943) displays much shorter striae, which are commonly
preserved as small knobs only (PoLLarRD 1985;
MACHALSKI & MACHALSKA 1994). Similar forms are
described under the ichnogenus Acripes MATTHEW, 1910,
which is still used by some authors for non-marine ar-
thropod traces (see GLUSZEK 1995 for discussion). How-
ever, there are no significant differences between these
ichnotaxa that would justify a separation on the ichno-
generic level (HANTZSCHEL 1965, 1975).

There is a transition of Cruziana pascens n. isp. to
Cruziana problematica and to Rusophycus euten-
dorfensis, and the three taxa can be referred to the same
tracemaker, such as notostracan crustaceans. The behav-
iour reflected by Cruziana pascens n. isp. represents an
efficient way of exploiting a surface for food. Possibly,
notostracans penetrated a thin veneer of sand to reach the
top of an underlying mudstone, and the overlying sand
immediately covered the fine scratches produced in the
mudstone (SEILACHER 1970). An origin as surface trail,
as proposed by CrRIMES (1975), seems unlikely because
the preservational potential of surface traces in the stud-
ied environment is very low. However, an origin as
undertrack seems also possible (SEILACHER 1994).

Cruziana problematica (SCHINDEWOLF, 1921)
Fig. 13

Emended diagnosis: Straight to curved, relatively small
Cruziana showing faint, transverse striae which can
reach the margin of the trace in shallow specimens or ter-
minate before reaching the margin in deep specimens
(modified after FILLION & PICKERILL 1990).

1cm

Fig. 11. Hypichnial preservation of a curved segment and undu-
lose pattern of Cruziana pascens n. isp.

Material: PIW1998VIII-11A- B, 15.

Description: Straight to winding, hypichnial, flat dou-
ble-ridges, 8-10 mm wide and up to 35 mm long, cov-
ered with perpendicular fine striae; ridges divided by a
distinct median furrow.

Remarks: This trace fossil commonly passes into
Rusophycus eutendorfensis. Triassic Cruziana proble-
matica is regarded as the trace of notostracan crustaceans
(POLLARD 1985 and literature therein).

FILLION & PICKERILL (1990) indicated in their diagno-
sis of C. problematica that it is less than 7 mm wide. Nev-
ertheless, POLLARD (1985: fig. 4), who measured this
ichnotaxon in different collections observed larger forms.
For this reason, the strict size limit is excluded from the
diagnosis.

Ichnogenus Helminthoidichnites Frrcu, 1850

Type ichnospecies: Helminthoidichnites tenuis FiTcH, 1850:
868; by subsequent designation (HANTZSCHEL 1965: 45).

Diagnosis: Relatively thin, horizontal, irregularly mean-
dering or winding trails with occasional loops.

Remarks: In contrast to Gordia EMMONS, in which loops
are the most characteristic feature, and to Helminthopsis
HEER, in which no loops occur (HOFMANN & PATEL 1989)
Helminthoidichnites FITCH displays occasional loops. A
computer simulation of trace fossils showed that the
loops in Helminthoidichnites are a random pattern,
whereas the loops in Gordia clearly show non-random
signals (HoFMANN 1990). Helminthoidichnites currently
includes surface traces as well as endichnial forms. Dis-
tinction between them and relation of Helminthoidich-
nites to Gordia is pending a revision.

Helminthoidichnites ranges from the Precambrian
{NARBONNE & AITKEN 1990} to the Lower Cretaceous
(FREGENAL MARTINEZ et al. 1995). It is interpreted as
grazing trace produced by nematomorphs or insect lar-
vae in marine environments as well as in non-marine en-
vironments (BUATOIS et al. 1997).
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Fig. 12. — A-D: Cruziana pascens n. isp. A. Positive hyporelief, basal view; x 0.4; field photograph. B. Detail of holotype,
PIW1998VIII- 12B. In addition, small triangular structures can be identified; positive hyporelief, basal view; x 0.8. C. Detail of
holotype, PIW1998VIII-12F. Positive hyporelief, basal view; x 0.8. D. Detail of holotype, PIW1998VIII-12C. In addition, small
triangular structures can be identified; positive hyporelief, basal view; X 0.8. All from Vetter quarry, lens cap 52mm across. Scale
bar: 1 cm.
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Fig. 13. Cruziana problematica (SCHINDEWOLF, 1921). Positi-
ve hyporelief, basal view; natural size; PIW1998VIII-11A.
Vetter quarry.

Helminthoidichnites tenuis Fitcu, 1850
Fig. 14
Diagnosis: As for ichnogenus.
Material: PTIW1998VIII-75.
Description: Thin, irregularly winding, epichnial

groove, with locally slightly elevated edges; 1 mm in di-
ameter.

Ichnogenus Multina Oreowskl, 1968

Type ichnospecies: Multina magna ORLOWSKI, 1968: 197-198,
unnumbered fig. on p. 197, pl. 1 fig. 1-2.

? 1969
1985
1995

Pseudopaleodictyon. — PFEIFFER: 674.

Olenichnus — FEDONKIN: Pl. 23 fig.2.

Vagorichnus — BUATOIS, MANGANO, WU & ZHANG:
269.

Diagnosis: Small, cylindrical burrows with meniscate
filling structures, forming an irregular, horizontal net-

Fig. 14. Helminthoidichnites tenuis FITCH, 1850. Negative
epirelief, top view; X 0.5; Vetter quarry, field photograph. Scale
bar: 1 cm.

work, in closely spaced, different levels (vertical distance
0.5-2 mm), and locally undulating in the vertical plane.
Vertical or oblique burrow parts can be present.

Remarks: Megagrapton KSIAZKIEWICZ, 1968 (see
UcHMAN 1998) is referred to horizontal, more or less
regular polygonal, open burrow systems. Generally it
does not display a network of tunnels on different levels
and active filling as does Multina (see ORLOWSKI &
ZYLINSKA 1996) and its junior synonyms Olenichnus and
Vagorichnus. The same may be true for Pseudo-
paleodictyon PFEIFFER (1969).

Multina is typified by M. magna ORLOWSKI, 1968,
found in marine Cambrian deposits of central Poland.
Olenichnus is described from the Upper Precambrian-
Cambrian (FEDONKIN 1985, 1990; JENSEN 1997).
Vagorichnus was first described from lacustrine Jurassic
turbidites in China (Buatois et al. 1995). Although the
mentioned trace fossils have been recorded from differ-
ent environments of different ages, their significant diag-
nostic features, particularly the active filling, are the
same. For this reason they are synonymized under the
oldest available name Multina OrRLOWSKI, 1968. Clarifi-
cation of how many species belong to Multina requires a
detailed revision of this ichnotaxon.

cf. Multina isp.
Fig. 15

Material: PIW 1998 VIII-80.

Description: Hypichnial, horizontal, irregular, more or
less polygonal network composed of winding, cylindri-
cal tubes with a diameter of 1.5 mm; meshes 5-10 mm
wide. Occasionally with short ridges and knobs - compa-
rable in size with tubes - associated with the network. The
overall morphology strongly resembles Multina. How-
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ever, due to the imperfect preservation and the sparse
material a precise classification is impossible.

Remarks: Vagorichnus from Jurassic lacustrine turbi-
dites is interpreted as a feeding structure, probably pro-
duced by amphipods or isopods (Buatois et al. 1995).
The same interpretation can be applied to the material
described here.

Ichnogenus Planolites NICHOLSON, 1873

Type ichnospecies: Planolites vulgaris NICHOLSON & HINDE,
1875: 138-139.

Diagnosis: see FILLION & PICKERILL (1990).

Planolites beverleyensis (BILLINGS, 1862)
Fig. 16C

Material: PTW1998VIII-4; occasional field observations.

Description: Hypichnial, horizontal, slightly curved,
thinly lined, smooth, cylindrical burrows, about 11 mm
in diameter and up to 16 cm long.

Planolites cf. montanus RICHTER, 1937
Fig. 16A-B

Material: PIW1998VIII-4, 5, 14, 21, 87-89.

Description: Variably oriented, undulose, short, unlined,
cylindrical burrows, preserved as full relief; 4-7 mm
across, mostly between 10 and 20 mm long. Burrow mar-
gins uneven, with local change in width.

Remarks: The overall burrow morphology strongly re-
sembles Planolites montanus, however, the uneven sur-
face and changes in size are not typical of P. montanus.

cf. Planolites isp.
no Fig.

Material: PIW1998VIII-19, 41 76, 81.

Description: Short, straight, cylindrical, smooth ridges,
either 2 mm wide (PIW1998VIII-19) or 15 mm wide
(PIW1998VIII-41); or slightly winding, horizontal,
cylindrical burrows, either 4.5 mm wide (PITW1998VIII-
81) or 6 mm wide (PIW1998VIII-76).

Remarks: Preservation of the material does not allow a
precise determination. Planolites is an eurybathic, ex-
tremely facies-crossing form referred to vermiform
deposit-feeders which actively backfill their burrows
(e.g., PEMBERTON & FREY 1982; FILLION & PICKERILL
1990; UcHMAN 1995). Planolites occurs from the Pre-
cambrian to the Recent (HANTZSCHEL 1975).

Ichnogenus Scoyenia WHITE, 1929

Type ichnospecies: Scoyenia gracilis WHITE, 1929: 115.

Diagnosis: see HANTZSCHEL (1975).

Fig. 15. cf. Multina isp. Positive epirelief/full relief, top view;
x 1.3; PIW1998VIII-80; Natursteinwerk quarry.

Scoyenia gracilis WHITE, 1929
Fig. 17A-B

Material: PIW1998VIII-13A-B, 19, 20.

Description: Short, slightly winding, undulose, tubular
burrows, semi-circular in cross-section. Some ridges cov-
ered with five longitudinal winding, subparallel striae,
each about 1 mm wide; entire burrows 5-6 mm wide and
20-35 mm long. Slightly rugose ridges of comparable
size, associated with the described form, are probably
preservational variants of the same trace fossil.

Remarks: The external striation as well as the meniscate
backfill are characteristic of Scoyenia. Monospecific
Scoyenia, typified by S. gracilis, is regarded as burrow
of deposit-feeding organisms in different non-marine en-
vironments, presumably in moist or wet substrates near
water bodies, in periodically inundated areas, or in per-
manent, shallow subaqueous environments. Arthropods
are favoured as possible producers, but insects or
decapods can be excluded (FREY et al. 1984). Scoyenia
occurs since the Permian (SCHWAB 1966).

Ichnogenus Taenidium HEERr, 1877

Type ichnospecies: Taenidium serpentinum HEER, 1877: 117,
pl. 45 fig. 9, 10B.

Diagnosis: see KEIGHLEY & PICKERILL (1994).

Remarks: Taxonomic problems of Taenidium and re-
lated meniscate backfilled burrows and their formation
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Fig. 16. - A-B: Planolites cf. montanus RICHTER, 1937. A: Positive epirelief/full relief, top view; X 0.5; PIW1998VIII-14; Natur-
steinwerk quarry. B: Detail of (a) natural size; Vetter quarry. C: Planolites beverleyensis (BILLINGS 1862) [large trace] Planolites
cf. montanus RICHTER, 1937 [small trace]. Full relief, top view; natural size; PIW1998VIII-4; Schleifsteinwerke quarry. Scale

bar: 1 cm.

were discussed in detail by D’ ALESSANDRO & BROMLEY
(1987), KEIGHLEY & PICKERILL (1994), and UCHMAN
(1995). Taenidium occurs from the Lower Cambrian
(CRIMES et al. 1992) to the ?Quaternary (WETZEL 1983;
synonymized by D’ ALESSANDRO & BROMLEY 1987).

Taenidium barretti (BRADSHAW, 1981)
Fig. 17C-F

Material: PIW1998VIII-3A-F, 6, 13.

Description: Endichnial, horizontal, oblique to vertical,
slightly winding, cylindrical, unlined burrows with
meniscate filling, 8-18 mm wide and up to 35 cm long.
Menisci thin, arcuate, locally discontinuous, composed
of alternations of fine and coarser-grained sediment. Bur-
row fill generally finer grained than host rock; number of

menisci: 5 per centimetre. Margin of burrows wavy. Oc-
casionally desiccation cracks crosscut the burrows. In
specimen PIW 1998 VIII-13 burrows crosscut desiccation
cracks.

Taenidium barretti is associated with Skolithos isp. A.

Remarks: 7. barretti occurs in different non-marine en-
vironments from the Lower Ordovician to the Pleistocene
(KEIGHLEY & PICKERILL 1994),

Identical trace fossils, described as “horizontal feeding
burrows” (= T. barretti in KEIGHLEY & PICKERILL 1994)
were found in Triassic fluvial red beds of India (MAULIK
& CHAUDHURI 1983). These burrows occur in a channel
facies, and, like the Franconian material, they are associ-
ated with vertical shafts (= Skolithos).

SQUIRES & ADVOCATE (1984) described this ichno-
species (as ?Muensteria isp.) from a Miocene section in
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Fig. 17. - A: Scoyenia gracilis WHITE 1929 (sculptured burrow), Skolithos isp. A (circular projections). Positive epirelief, top
view: natural size; PIW1998VIII-13A. B. Scoyenia gracilis WHITE 1929. Positive epirelief, top view; x 1.3; PIW1998VIII-19.
C-F: Taenidium barretti (BRADSHAW, 1981). C. Two specimens crossing each other, full relief, lateral view; natural size;
PIW1998VIII-13B. D. Full relief, top view; x 0.7; PIW1998VIII-3C. E. High burrow density, full relief, top view; x 0.6;
PIW1998VIII-6. F. Full relief, top view; x 0.5; PIW1998VIII-13B. All Natursteinwerk quarry. Scale bars: 1 cm.
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Fig. 18. - A-B: Small irregular network. A. Negative epirelief, top view; x 0.8, PIW1998VIII-73. B. Negative epirelief, top view;
natural size, PIW1998VIII-73. C. Row of small knobs. Positive epirelief, top view; x 1.5, PIW1998VIII-16. All Vetter quarry.

Scale bar: 1 cm.

California from an environment in which a braided river
entered a lake. These authors interpreted the meniscate
burrows as traces of infaunal deposit-feeders, probably
aquatic oligochaetes.

Unidentified biogenic structures

Small irregular networks
Fig. 18A-B

Material: Several specimens on slab PTIW1998-VIII-73-74.

Description: Irregularly bifurcating, semi-tubular bur-
rows preserved as negative epirelief, with a distinctive
positive marginal rim on both sides of semi-tube. Diam-
eter of semi-tube including rim 1.5-2 mm; entire burrow
length 3.5-5 cm.

Remarks: These small burrows may be interpreted as
produced by small insects or insect larvae.

Parallel hypichnial ridges
Fig. 19A-B

Material: Several specimens on slab PIW1998-VIII-56, one
field observation.

Description: Hypichnial subparallel ridges, triangular to
subtrapezoidal in cross-section; 10-20 mm wide, up to
10 mm high and about 100 mm long. Ridges bend
acutely into the bedding-plane at one side, and end
abruptly at the other side.

Remarks: The ridges are interpreted as casts of drag
marks produced by legs of swimming tetrapods, possibly
reptiles. Structures of similar morphology, interpreted as
traces of swimming dinosaurs have been reported, for

example, from the Triassic of Wyoming (BoYD & LOGPE
1984) and from Jurassic rocks of England (RomMaNO &
WHYTE 1996: fig. 4).

Row of small knobs
Fig. 18C

Material: PIW1998VIII-16.

Description: Slightly arcuate, single row of hemispheri-
cal knobs, about 25 mm long; number of knobs eleven,
almost touching each other; size of knobs 1.5-2.0 mm in
diameter.

Remarks: The overall morphology resembles Hormo-
siroidea. However, the burrow size is very small and con-
necting strings between the single knobs, a characteristic
feature of Hormosiroidea, were not observed.

Enigmatic structures

Clusters of small pits
Fig. 20

Material: PIW1998VIII-73.

Description: Epichnial clusters of small, oval or sub-
polygonal pits, 1.5-2.5 mm in diameter. Pits separated by
narrow ridges, about 0.5 mm wide. Some clusters small
and discrete. Clusters 20-25 mm across contain 25-35
pits.

Remarks: The formation of the studied material is not
clear. Similar pits were described as imprints of tests of
Euestheria minuta from Upper Triassic deposits of East
Greenland (BROMLEY & ASGAARD 1979). However, this
origin cannot be proved for the forms described here,
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Fig. 19. — A-B: Parallel hypichnial ridges. A. Positive hypo-
relief, basal view; x 0.5; PIW1998VIII-56. B. Positive hypo-
relief, basal view; x 0.25; field photograph. All Vetter quarry.
Scale bars: 1 cm.

since no morphological details, such as concentric ribs,
were observed. Similar, but distinctly larger structures
were described as pits made by tail-wagging of tadpoles
(“Schwinzel-Gruben von Kaulquappen™) by LINCK
(1954). Despite the fact that LINCK’s material is larger,
the general morphology is very similar to the Franconian
material. Furthermore, there are morphological similari-
ties to egg-masses figured in GRAUVOGEL-STAMM &
KELBER (1996). However, their material is always adher-
ing to leaf sheeths, whereas ours is free. Since the
Franconian material lacks further details a precise classi-
fication is impossible.

Concentric rings
Fig. 21

Material: Four specimens on slab PIW 1998 VIII-2.

Description: Endichnial, hemispherical structure com-
posed of an inner cylindrical to subcylindrical area in a
centric or eccentric position, surrounded by 4-5 concen-
tric rings; distance between rings varying from 1 to 2.5

Fig. 20. Clusters of small pits. Negative epirelief, top view;
x 0.8; PIW1998VIII-73; Vetter quarry.

Fig. 21, — A-B: Concentric rings. Positive epirelief, top view;
x 1.2; PIW1998VIII-2; Eltmann quarry. Scale bars: 1 cm.

mm; entire structure 12-25 mm across, depth about
10 mm, central area 0.8-12 mm, with an irregular, un-
even, flat mound.

Remarks: Structures of this type were described from
the Triassic of northern Spain as Cyclozoon philippi by
WURrRM (1911), which was later included in Laevicyclus
QUENSTEDT (HANTZSCHEL 1965). ScEMIDT (1934) and
P1a (1935) regarded Cyclozoon philippi and related forms
as inorganic structures produced by gas expulsion. This
view was confirmed by BoyD (1975). However, at least
some Laevicyclus such as L. mongraensis VERMA, are
true trace fossils (UcHMAN 1995). Nevertheless, the stud-
ied material is most likely of inorganic origin and may
represent concretions.

Small triangular structures
Fig. 12B, D

Material: PIW1998VIII-12B, C, F, 74.

Description: Variably oriented, hypichnial, minute, al-
mond- or arrow-shaped mounds, rarely bilobate; 4-8 mm,
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exceptionally 14 mm long, 2-4 mm wide. Arrow-like
forms occasionally display a short tail. Angle of arrow
varies, but mostly acute.

Remarks: The described stuctures resemble Sagittichnus
lincki SEILACHER, 1953 from the Keuper (Schilfsand-
stein) at Sternenfels, southern Germany, where it is more-
or-less oriented in a row with the individual acute angles
pointing in one direction. Earlier, LiNck (1949: 72) de-
scribed it from the same formation as “pfeilspitzen-
formige Ausgiisse”. In the studied material, the structures
post-date Cruziana pascens n. isp. It seems improbable
that prod marks could be formed without destruction of
C. pascens n. isp. On the other hand, the structures may
be diagenetic features, such as halite crystal casts.

Palaeoenvironments and ichnocoenoses

The studied sediments are traditionally interpreted as flu-
vial and playa lake deposits (e.g., AIGNER & BACHMANN
1998). The trace fossils described here support this view
but offer a more precise interpretation. The trace fossil
assemblage contains vertical domichnial forms (e.g.,
Skolithos, cf. Polykiadichnus) and horizontal pascichnial
forms (e.g., Cruziana problematica), including very char-
acteristic meniscate trace fossils (Scoyenia gracilis,
Taenidium barretti), which are typical of the Scoyenia
ichnofacies (SEILACHER 1967). The definition of this
ichnofacies was specified lately by BUATOIS & MANGANO
(1995). This ichnofacies is typical of non-marine, inun-
dated environments, such as floodplains and lake mar-
gins (Buatols & MANGANO 1998).

Two frequently occurring palaeco-ichnocoenoses can be
identified in the studied Triassic rock sections.

The Cruziana ~ cf. Polykladichnus ichnocoenosis

This ichnocoenosis contains Cruziana problematica, cf.
Polykladichnus isp., and Skolithos isp. B and occurs in
marginal parts of trough cross-bedded sandstones. C.
problematica was produced under subaqueous conditions
in shallow fluvial channels in a lake-margin plain setting
or in a floodplain environment. Skolithos isp. B and cf.
Polykladichnus isp. point to non-aquatic conditions after
filling and/or drying out of the channels. This view is also
supported by desiccation cracks associated with these
trace fossils.

The Rusophycus versans ichnocoenosis

This ichnocoenosis is dominated by Rusophycus versans,
Taenidium barretti, Scoyenia gracilis and Skolithos isp.
A. It is typical of an ephemeral lake setting characterized
by coarse-grained, platy, poorly sorted, locally rippled
sandstones, occasionally with desiccation cracks, rare
trough cross-bedded sandstones, intercalated with green-
ish mudstones/siltstones with a high mica content.

The massive fluvial sandstones, like those at the base
of the succession in the Vetter GmbH quarry near

Schonbach, are almost barren of trace fossils. Traces oc-
cur only at the base of a single sandstone bed in that
quarry. They are double ridges interpreted as traces of
swimming tetrapods.

The two ichnocoenoses occur in several outcrops
within the study area in the same facies context. The high
burrow density as well as the great variety of different
trace fossils cotradicts an interpretation as purely fluvial
or as playa setting. At least for a certain period of time,
stable palaeoenvironmental conditions must have been
established, otherwise the diversity of the ichnofossils
would not have been so high. According to the palaeo-
geographical setting, close to an active half-graben fault,
the existence of persistent lake systems appears plausi-
ble. The value of these described ichnocoenoses as indi-
cators of particular palaeonvironments is high. However,
the value for more generalized use awaits further studies
in areas with similar depositional histories.

Acknowledgements

A research visit of A U. in Wiirzburg made possible by
an Alexander von Humbold Fellowship is greatfully ac-
knowledged. Many thanks to GERD GEYER (Wiirzburg)
for helpful comments on the manuscript and improve-
ments of the language, and to STEVEN WHITE (Wiirzburg)
for final improvements of the language. Thanks are due
to BRIGITTE SCHRODER and HILDEGARD SCHONIG (both
Wiirzburg) for photographic artwork. Many thanks to
Franz T. FURrsicH (Wiirzburg) for revision of the manu-
script and helpful discussions. Thanks also to an anony-
mMOous reviewer.

References

AIGNER, T. & BACHMANN, G.H. 1992. Sequence-stratigraphic
framework of the German Triassic. — Sedimentary Geology
80: 115-135.

AIGNER, T. & HORNUNG, J. 1998. Stop 2: Middle Keuper
(Hassberge Fm.) at Schoénbachsmiihle near Ebelsbach/
Main. — Hallesches Jahrbuch fiir Geowissenschaften, B,
Beiheft 6: 190-191.

D’ALESSANDRO, A. 1982. Processi tafonomici e distribuzione
delle trace fossili nel flysch di Gorgolione (Appennino
Meridionale). — Rivista Italiana di Paleontologia e Strati-
grafia 87: 511-560.

D’ALESSANDRO, A. & BROMLEY, R.G. 1987. Meniscate trace
fossils and the Muensteria-Taenidium problem. — Palae-
ontology 30: 743-763.

ALPERT, S.P. 1974. Systematic review of the genus Skolithos. —
Journal of Paleontology 49: 509-521.

BAYER, EM. 1955. Remarkably preserved fossil sea-pens and
their Recent counterparts. — Journal of the Washington
Academy of Science 45: 294-300.

BEUTLER, G. 1998. Keuper. — Hallesches Jahrbuch fiir Geowis-
senschaften, Reihe B, Beiheft 6: 45-58.

BiLLiNgs, E. 1861/1865. Palacozoic Fossils, Volume I: con-
taining descriptions and figures of new or little known
species of organic remains from Silurian rocks: 96-168,
Montreal (Geological Survey of Canada, Dawson
Brothers). .

BORNEMANN, I.G. 1889. Uber den Buntstandstein in Deutsch-
land und seine Bedeutung fiir die Trias. — Beitrige zur Geo-



Upper Triassic (Keuper) non-marine trace fossils from the Halberge area 91

logie und Paldontologie 1: 1-61.

Boyp, D.W. & LOOPE, D.B. 1984. Probable vertebrate origin
for certain sole marks in Triassic red beds of Wyoming. —
Journal of Paleontology 58: 467-476.

Boyp, D.W. 1975. False or misleading traces. — In: FREY, R.W.,
ed., The Study of Trace Fossils: 65-83, Berlin (Springer).

BrapsHAaw, M. 1981. Palecenvironmental interpretations and
systematic of Devonian trace fossils from the Taylor Group
(Lower Beacon Supergroup), Antarctica. — New Zealand
Journal of Geology and Geophysics 24: 615-652.

BROMLEY, R.G. & ASGAARD, U. 1979. Triassic freshwater
ichnocoenoses from Carlsberg Fjord, East Greenland. —
Palaeogeography, Palaeoclimatology, Palaeoecology 28:
39-80.

Buarors, L. A. & MANGANO, M.G. 1993, Trace fossils from a
Carboniferous turbiditic lake: implications for the recogni-
tion of additional non-marine ichnofacies. —Ichnos 2: 237-
258.

Buarors, L.A. & MANGANO, M.G. 1995. The paleoenviron-
mental and paleoecological significance of the lacustrine
Mermia ichnofacies: an archetypical subaqueous non-ma-
rine trace fossil assemblage. — Ichnos 4: 151-161.

Buarois, L.A. & MANGANO, G.M. 1998. Trace fossil analysis
of lacustrine facies and basins. — Palaeogeography, Palaeo-
climatology, Palacoecology 140: 367-382.

Buarors, L. A., MANGANO, G.M. & MAPLES, C.G. 1997. The
paradox of non-marine infaunas in tidal rhythmites:
integrating sedimentologic and ichnologic data from the
Late Carboniferous of East Kansas, USA. — Palaios 12:
467-481.

Buartois, L.A., MANGANO, M.G., WU XIANTAO & ZHANG
GUOCHENG 1995. Vagorichnus, a new ichnogenus for
feeding burrow systems and its occurrence as discrete and
compound ichnotaxa in Jurassic lacustrine turbidites of
Central China. — Ichnos 3: 265-272.

CrRMES, T.P 1975. The production and preservation of trilobite
resting and furrowing traces. — Lethaia 8: 35-48.

CriMES, T.P, Garcia HibALGo, I.F. & Poirg, D.G. 1992, Trace
fossils from Arenig flysch sediments of Eire and their
bearing on the early colonisation of deep seas. — Ichnos 2:
61-77.

DawsoN, J.W. 1864. On the fossils of the genus Rusophycus. —
Canadian Naturalist and Geologist, new series, 1: 363-367,
458.

DawsoN, J.W. 1873. Impressions and footprints of aquatic
animals and imitative markings on Carboniferous rocks. —
American Journal of Science (3) 5: 16-24.

DEBRIETE, P. & GAND, G. 1990. Conséquences stratigraphiques
et paléoenvironmentales de nouvelles observations palé-
ontologiques dans le Permien de la partie occidentale du
bassin de Lodeéve (Sud du Massif Central). — Géologie de
la France 1990 (1): 19-32.

EKDALE, A.A. & LEwIs, D.W. 1991. Trace fossils and paleo-
environmental control of ichnofacies in a late Quaternary
gravel and loess fan delta complex, New Zealand. —
Palacogeography, Palaeoclimatology, Palacoecology 81:
253-279.

FEDONKIN, M. 1985. Paleoichnologija vendskich Metazoa
[Paleoichnology of the Vendian Metazoa]. — In: SOKOLOV,
B.S. & IwaNOowskD, A.B., eds., Vendskaya Sistema 1.
Paleontologiya: 112-117, Moscow (Nauka) [in Russian].

FEDONKIN, M. 1990. Paleocichnology of the Vendian Metazoa. —
In: SokoLov, B.S. & IwaNnowskl, A.B., eds., The Vendian
System. Volume 1, Paleontology: 132-137, Berlin (Sprin-
ger).

FENTON, C.L. & FENTON, M.A. 1937. Trilobite “nests” and
feeding burrows. — American Midland Naturalist 18: 446-
451.

FiLLION, D. 1989. Les criteéres discriminants I’intérieur du

triptyque Palaeophycus-Planolites-Macaronichnus. Essai
de synthése d’un usage critique. — Comptes Rendus de
I’ Académie des Sciences de Paris (2), 309: 169-172.

FILLION, D. & PIcKERILL, R.K. 1990. Ichnology of the Upper
Cambrian? to Lower Ordovician Bell Island and Wabana
groups of eastern Newfoundland, Canada. — Palaeonto-
graphica Canadiana 7:1-119.

FrrcH, A. 1850. A historical, topographical and agricultural
survey of the County of Washington. Part 2-5. — Trans-
actions of the New York Agricultural Society 9: 753-944,

FREGENAL MARTINEZ, M.A., BuaToIs, L.A. & MANGANO, M.G.
1995. Invertebrate trace fossils from Las Hoyas fossil site
(Serrani de Cuenca, Spain). Paleoenvironmental inter-
pretations. — In: II International Symposium on Litho-
graphic Limestones, Lleida-Cuenca (Spain), 9th-16th July
1995. Extended Abstracts: 67-70, Madrid.

Frey, R.W., CURRAN, A.H. & PEMBERTON, G.S. 1984. Trace-
making activities of crabs and their environmental
significance: the ichnogenus Psilonichnus. — Journal of
Paleontology 58: 511-528.

FREYBERG, B. vON 1965. Der Coburger Bausandstein (Mittl.
Keuper) von Zeil-Ebelsbach als Beispiel einer epikon-
tinentalen Schichtenfolge. — Erlanger geologische Abhand-
lungen 58: 1-57 + 20 pls.

ForsicH, ET. 1981. Invertebrate trace fossils from the Upper
Jurassic of Portugal. — Comunicacdes dos Servicos Geol6-
gicos de Portugal 67 (2): 153-168.

GEYER, G. 1987. Die Fossilien der Modiola-Bank Frankens
(Karn, Gipskeuper, km 1g). — Neues Jahrbuch fiir Geolo-
gie und Palidontologie, Abhandlung, 173: 271-302.

GLUSZEK, A. 1995. Invertebrate trace fossils in the continental
deposits of an Upper Carboniferous coal-bearing suc-
cession, Upper Silesia, Poland. — Studia Geologica
Polonica 108: 171-202.

GRAUVOGEL-STAMM, L. & KELBER, K.-P. 1996. Plant-insect
interactions and coevolution during the triassic in western
Europe. - In: GALL, J.-C., ed., Triassic insects of Western
Europe. — Paleontologia Lombarda, Nuova serie §5: 5-23.

HAARLANDER, W. 1938. Bericht iiber einige Funde aus dem
mittelfrinkischen Keuper. — Jahresberichte und Mitteilun-
gen des Oberrheinischen geologischen Vereins 27: 1-8 + 2
pls.

HAKES, W.G. 1985. Trace fossils from brackish-marine shales,
Upper Pennsylvanian of Kansas, U.S.A. — In: CURRAN,
H.A., ed., Biogenic structures: Their use in interpreting de-
positional environments. — Society of Economic Paleonto-
logists and Mineralogists, Special Publications 35: 21-35.

HALDEMAN, S.S. 1840. Supplement to number one of “A
monograph of the Limniades, and other freshwater bivalve
shells of the apparently new animals in different classes,
and names and characters of the subgenera in Paludina and
Anculosa. — 3 pp., Philadelphia.

HaLL, J. 1847, Paleontology of New York, Vol. 1. - 338 pp.,
Albany (C. Van Benthuysen).

HaLL, J. 1852. Paleontology of New York, Vol. II. — 362 pp.,
Albany (C. Van Benthuysen).

HaN, Y. & PickerILL, R.K. 1994. Taxonomic reassessment of
Protovirgularia M’Coy 1850 with new examples from the
Paleozoic of New Brunswick, eastern Canada. — Ichnos 3:
203-212.

HANTZSCHEL, W. 1965. Vestigia Invertebratorum et Proble-
matica. — Fossilium Catalogus. 1. Animalia, Pars 108: 1-
142.

HANTZSCHEL, W. 1975. Trace fossils and problematica. — In:
TEICHERT C., ed., Treatise on Invertebrate Paleontology. —
Part W, Miscellanea, Supplement I: W1-W269, Boulder,
Colo., Lawrence, Kans. (Geological Society of America,
University of Kansas Press).

HEER, O. 1877. Flora Fossilis Helvetiae, Vorweltliche Flora der



92 MICHAEL SCHLIRF et al.

Schweiz. — 182 pp., Ziirich (J. Wurster & Co.).

Hormann, H.J. 1990. Computer simulation of trace fossils with
random patterns, and the use of goniograms. —Ichnos 1: 15-
22,

HorMANN, H.J. & PATEL, LM. 1989. Trace fossils from the type
“Etchemian Series” (Lower Cambrian Ratcliffe Brook For-
mation), Saint John area, New Brunswick, Canada. —
Geological Magazine 126: 139-157.

James, U.P. 1879. Descriptions of new species of fossils and
remarks on some others from the Lower and Upper Silurian
rocks of Ohio. — The Paleontologist 3: 17-24.

JENSEN, S. 1997. Trace fossils from the Lower Cambrian
Mickwitzia sandstone, south-central Sweden. — Fossils and
Strata 42: 1-110.

KEIGHLEY, D.G. & PICKERILL, R.K. 1994. The ichnogenus
Beaconites and its distinction from Ancorichnus and
Taenidium. — Palacontology 37: 305-337.

KEIGHLEY, D.G. & PickeriLL, R.K. 1995. The ichnotaxa
Palaeophycus and Planolites: historical perspectives and
recommendations. — Ichnos 3: 301-309.

KEIGHLEY, D.G. & PickeriLL, R.K. 1996. Small Cruziana,
Rusophycus, and related ichnotaxa from eastern Canada:
the nomenclatural debate and systematic ichnology. —
Ichnos 4: 261-285.

KiM JEONG-YUL 1994. An unique occurrence of Lockeia from
the Yeongheung Formation (Middle Ordovician),
Yeongweol, Korea. — Ichnos 3: 219-225.

Ksiazkigwicz, M. 1968. O niektérych problematykach z fliszu
Karpat polskich, Czesc 3. (On some problematic organic
traces from the Flysch of the Polish Carpathians. Part 3). —
Rocznik Polskiego Towarzystwa Geologicznego 38: 3-17
[in Polish].

KuHN, O. 1937. Neue Lebensspuren von Wiirmern aus der
deutschen Obertrias (Steigerwald). — Sitzungsberichte der
Gesellschaft naturforschender Freunde 1937: 363-373.

LARSEN, E.B. 1936. Biologische Studien iiber die Tunnel-gra-
benden Kifer auf Skallingen. - Videnskabilige
Meddelelser fra Dansk Naturhistorisk Forening 100:1-232.

LINCK, O. 1942. Die Spur Isopodichnus. - Senckenbergiana 25:
232-255.

LiNck, O. 1943. Die Buntsandstein-Kleinfihrten von Nagold
(Limuludichnus nagoldensis n. g. n. sp., Merostomichnus
trassicus n. sp.). — Neues Jahrbuch fiir Mineralogie, Geo-
logie und Paldontologie, Monatshefte, Abt. B, 1943: 9-27.

LINCK, O. 1949. Lebens-Spuren aus dem Schilfsandstein
(Mittl. Keuper, km 2) NW-Wiirttembergs und ihre Bedeu-
tung fiir die Bildungsgeschichte der Stufe. — Jahreshefte
des Vereins fiir vaterlindische Naturkunde in Wiirttemberg
97-101: 1-100 + 8 pls.

LINCK, O. 1954. Schwinzel-Gruben von Kaulquappen. — Aus
der Heimat 62: 15-16 + 1 pl.

LINCK, O. 1961. Lebens-Spuren niederer Tiere (Evertebraten)
aus dem wiirttembergischen Stubensandstein (Trias, Mittl.
Keuper 4) verglichen mit anderen Ichnocoenosen des
Keupers. — Stuttgarter Beitridge zur Naturkunde 66: 1-20 +
5 pls.

M’Coy, F 1850. On some genera and species of Silurian
Radiata in the collection of the University of Cambridge. —
Annals and Magazine of Natural History (2), 6: 270-290.

MACHALSKI, M. & MACHALSKA, K. 1994. Arthropod trackways,
“Diplichnites” triassicus (LINCK, 1943), from the Lower
Triassic (Buntsandstein) fluvial deposits of the Holy Cross
Mits., Central Poland. — Acta Geologica Polonica 44: 267-
275.

MatrTHEW, G.F. 1910. Remarkable forms of the Little River
Group. — Proceedings & Transactions of the Royal Society
of Canada, (4), 3: 115-125.

MaULIK, PX. & CuaupHURI, A.K. 1983. Trace fossils from
continental Triassic red beds of the Gondwana sequence,

Pranhita-Godavari valley, South India. — Palacogeography,
Palaeoclimatology, Palaeoecology 41: 17-34.

METZ, R. 1992. Trace fossils from the Lower Jurassic non-ma-
rine Towaco Formation, New Jersey. — Northeastern
Geology 14: 29-34.

METZ, R. 1995. Ichnologic study of the Lockatong Formation
(Late Triassic), Newark Basin, southeastern Pennsylvania.
— Ichnos 4: 43-51.

MILLER, S.A 1889. North American geology and palacontology
for the use of amateurs, students and scientists. — 664 pp.,
Cincinnati, Ohio (Western Methodist Book Concern).

MILLER, S.A. & DYER, C.B. 1878. Contributions to paleonto-
logy. — Journal of the Cincinnati Society of Natural History
1: 24-39 + 1 pl.

NARBONNE, G.M. & AITKEN, J.D. 1990. Ediacaran fossils from
the Sekwi Brook area, MacKenzie Mountains, north-
western Canada. — Palaeontology 33: 945-980.

NIcHOLSON, H.A. 1873. Contributions to the study of the errant
annelids of the older Palaeozoic rocks. — Proceedings of the
Royal Society of London 21: 288-290 [also: Geological
Magazine 10: 309-310].

NicHoLsoN, H.A. & HINDE, G.J. 1875. Notes on the fossils of
the Clinton, and Guelph Formations, Ontario, with de-
scriptions of new species. — Canad. Jour. Sci. Lit. History,
new series 14: 137-160 [quotation from HANTZSCHEL 1975:
W234].

D’ORBIGNY, A. 1839/1842. Voyages dans 1I’Amérique méri-
dionale — le Bresil, la République orientale d’Uruguay, la
République Argentine, la Patagonie, la République du Chi-
li, la République de Bolivia, la République du Pérou —
éxécuté pendant les annés 1826, 1827, 1828, 1829, 1830,
1831, 1832, et 1833. — Vol. 3 Part 4 (Paléontologie): 188
pp. + 22 pls., Paris (Pitois-Levrault), Strasbourg (Levrault).

Orrowskl, S. 1968. Kambr antykiliny Iyskogdrskiej gor
swigtokrzyskich (The Cambrian of the tysogdry anticline
in the Holy Cross Mountains). — Biuletyn Geologiczny, 10:
195-221, Warsaw.

ORLOWSKI, S. & ZYLINSKA, A. 1996. Non-arthropod burrows
from the Middle and Late Cambrian of the Holy Cross
Mountains, Poland. — Acta Palaeontologica Polonica 41
(4): 385-409, Warsaw.

Oscoob, R.G. 1970. Trace fossils of the Cincinnati Area. —
Palaeontographica Americana 6: 193-235.

PeEMBERTON, G.S. & FrREY, R.-W. 1982, Trace fossil nomen-
clature and the Planolites-Palaeophycus dilemma. — Jour-
nal of Paleontology 56: 843-881.

PFEIFFER, H. 1969. Die Spurenfossilien des Kulms (Dinants)
und Devons der Frankenwilder Querzone (Thiiringen). —
Jahrbuch fiir Geologie 2: 651-717.

Pia, J. 1935. Algen und Pseudoalgen aus der spanischen
Trias. — In: ScHMIDT, M., ed., Fossilien der spanischen
Trias. — Abhandlungen der Heidelberger Akademie der
Wissenschaften, Mathematisch-naturwissenschaftliche
Klasse 22: 9-17.

PLIENINGER, W.H.T. voN 1845, .. Reliefs im...Keupersandstein
bei Stuttgart; Tubifex antiquus. — Jahreshefte des Vereins
fiir vaterléndische Naturkunde in Wiirttemberg 1: 159.

POLLARD, J.E. 1981. A comparison between the Triassic trace-
fossils of Cheshire and south Germany. — Palacontology
24: 555-588.

PoLLARD, J.E. 1985. Isopodichnus, related arthropod trace
fossils and notostracans from Triassic fluvial sediment. —
Transactions of the Royal Society of Edinburgh: Earth
Sciences 76: 273-285.

RATCLIFFE B.C. & FAGERSTROM J.A.. 1980. Invertebrate lebens-
spuren of Holocene floodplains: their morphology, origin
and paleoecological significance. — Journal of Paleonto-
logy 54: 614-630.

REINECK, H.-E. 1974. Schichtgefiige der Ablagerungen im tie-



Upper Triassic (Keuper) non-marine trace fossils from the Haberge area 93

feren Seebecken des Bodensees. — Senckenbergiana mari-
tima 6: 47-63.

RICHTER, R. 1937. Marken und Spuren aus allen Zeiten. I-II. -
Senckenbergiana 19: 150-163.

RINDSBERG, A.K. 1994. Ichnology of the Upper Mississippian
Hartselle Sandstone of Alabama, with notes on other Car-
boniferous formations. — Geological Survey of Alabama,
Bulletin 158: 1-107.

ROMANO, M. & WHYTE, M.A. 1996. Fossils explained 16:
Trace fossils 3 — dinosaur tracks. — Geology Today 1996
(March-April): 75-79.

ScHINDEWOLF, O.H. 1921. Studien aus dem Marburger Bunt-
sandstein, I-II. — Senckenbergiana 3: 33-49.

ScHINDEWOLF, O.H. 1928. Studien aus dem Marburger Bunt-
sandstein, III-VIL. — Senckenbergiana 10: 16-54.

ScHLIRF, M. 2000. Upper Jurassic trace fossils from the
Boulonnais (northern France). — Geologica et Palaconto-
logica 34: 145-213.

ScHMIDT, M. 1934. Cyclozoon philippi und verwandte Gebil-
de. — Sitzungberichte der Heidelberger Akademie der Wis-
senschaften, mathematisch- naturwissenschaftliche Klasse
6:1-31.

ScHMIDT, M. 1938. Die Lebewelt unserer Trias — Nachtrag. —
144 pp., Oehringen (Hohenlohe’sche Buchhandlung Ferd.
Rau).

ScHwAB, K. 1966. Ein neuer Fund von Scoyenia gracilis WHITE
1929. — Neues Jahrbuch fiir Geologie und Palidontologie,
Monatshefte 1966: 326-332.

SEILACHER, A. 1953. Studien zur Palichnologie 2. Die fossilen
Ruhespuren (Cubichnia). — Neues Jahrbuch fiir Geologie
und Paldontologie, Abhandlungen 98: 87-124.

SEILACHER, A. 1967. Bathymetry of trace fossils. — Marine
Geology 5: 413-428.

SEILACHER A. 1970. Cruziana stratigraphy of ‘non fossili-
ferous’ Paleozoic sandstones. — In: CRIMES, T.P. & HARPER,
J.C., eds., Trace fossils. — Geological Journal Special Issue
3:447-476, Liverpool (Seel House Press).

SEILACHER, A. 1985. Trilobite paleobiology and substrate rela-
tionships. — Transactions of the Royal Society of
Edinburgh: Earth Sciences 76: 231-237.

SEILACHER, A. 1990. Aberration in bivalve evolution related to
photo- and chemosymbiosis. — Historical Biology 3: 289-
311.

SEILACHER, A. 1994. How valid is Cruziana Stratigraphy? —
Geologische Rundschau 83: 752-758.

SEILACHER, A. & SEILACHER, E. 1994. Bivalvian trace fossils:
Alesson from actuopaleontology. — Courier Forschungsin-
stitut Senckenberg 169: 5-15.

SQUIRES, R.L. & ADVOCATE, M.D. 1984. Meniscate burrows
from Miocene lacustrine-fluvial deposits, Diligencia For-
mation, Orocopia Mountains, southern California. — Jour-
nal of Paleontology 58: 593-597.

STANLEY, K.O. & FAGERSTROM, J.A. 1974. Miocene inverte-
brate trace fossils from a braided river environment,
western Nebraska, U.S.A. — Palacogeography, Palaeo-
climatology, Palaeoecology 15: 63-82.

TREWIN, N.H. 1976. Isopodichnus in a trace fossil assemblage
from the Old Red Sandstone. — Lethaia 9: 27-39, Oslo.
UCHMAN, A. 1995. Taxonomy and palaeoecology of flysch
trace fossils: The Marnoso-Arenacea Formation and
associated facies (Miocene, Northern Apennines, Italy). —

Beringeria 15: 3-115.

UcHMAN, A. 1998. Taxonomy and ethology of flysch trace
fossils: A revision of the MARIAN KSIAZKIEWICZ collection
and studies of complementary material. — Annales Socie-
tatis Geologorum Poloniae 68: 105-218.

UCHMAN, A. & ALvaro, J.J. 2000. Non-marine invertebrate
trace fossils from the Tertiary Calatayud-Teruel basin, NE
Spain. — Revista Espafiola de Paleontologia 15 (2): 203-
218.

VANUXEM, L. 1842. Geology of New York, pt. III, comprising
the survey of the the 3rd geological district: 306 pp.,
Albany (W. & A. White and J. Visscher).

WELZEL, E. 1968. Neue Fossilfunde im Sandsteinkeuper der
HaBberge. — Geologische Blitter fiir NO-Bayern und an-
grenzende Gebiete 18: 251-253.

WETZEL, A. 1983. Biogenic structures in modern slope to deep-
sea sediments in the Sulu Sea Basin (Philippines). —
Palacogeography, Palaecoclimatology, Palacoecology 42:
285-304.

WHITE, D. 1929. Flora of the Hermit shale, Grand Canyon,
Arizona. — Publications of the Carnegie Institution 405:
221 pp., Washington, D.C.

WUuRrM, A. 1911. Untersuchungen iiber den geologischen Bau
und die Trias von Aragonien. — Zeitschrift der deutschen
geologischen Gesellschaft 63: 38-129.

YANG SHIPU 1984. [Silurian trace fossils from the Yangzi Gor-
ges and their significance to depositional environments]. —
Acta Palaeontologica Sinica 52: 705-714 [in Chinese with
English summary].

ZIEGLER, P.A. 1990. Geological Atlas of Western and Central
Europe: 130 pp. + 40 enclosures, Amsterdam (Elsevier).

Eingang des Manuskriptes am 25. Januar 2000;
Annahme durch die Schriftleitung am 11. Mai 2000.

Appendix (next pages)

Literature data on other invertebrate Keuper trace
fossils from Germany



94

MICHAEL SCHLIRF et al.

In the following, invertebrate trace fossils from the Keuper of Germany described in the past are listed, and taxo-
nomic recommendations for their further use are given.

Tab 1. List of invertebrate trace fossils described from German Keuper and taxonomic recommendations for their further use.
* — traditional names of lithostratigraphic unifs.

original determination

author, formation, locality

recommended taxonomic use

Tubifex antiquus PLIENINGER (pl. 1 fig. 5)

PLIENINGER 1845, Keuper near Stuttgart

Skolithos cf. magnus HOWELL

Isopodichnus moenanus KUHN (text-fig. 1)

KUHN 1937, Hassberge Formation
(*Semionotensandstein),

Schmachtenberg/Main

Cruziana problematica (SCHINDEWOLF),
Rusophycus carbonarius (DAWSON) (after

KEIGLEY & PICKERILL 1996)

Steigerwaldichnium heimi KUHN (text-fig. 2a, b)

KUHN 1937, Grabfeld Formation
(*Acrodus Bank), Zell (Unterfranken), Zeil

(Steigerwald)

Steigerwaldichnium heimi KUHN

Annelidichnium triassicum KUHN (text-fig. 3)

KUHN 1937, Grabfeld Formation

(*Acrodus Bank), Oberschwappach

?Planolites isp.

sternférmige Lebensspur (star-shaped trace)

(fig. 4)

KUHN 1937, Grabfeld Formation

(*Acrodus Bank), Zell (Steigerwald)

inorganic structure (most probably desiccation

cracks)

Palaeophycus-Typ (text-fig. 5).

KUHN 1937, Grabfeld Formation

(*Acrodus Bank), Dingolshausen

Planolites montanus RICHTER

Wurmginge (= worm burrows) (pl. 2 fig. 2-3)

HAARLANDER 1938, Hassberge Formation

(*Blasensandstein), Raindorf quarry

Planolites montanus RICHTER

Corophioides ? RIETH (text-fig. 232e)

SCHMIDT 1938, Exter Formation

(*Rhitsandstein), Tiibingen

Diplocraterion parallelum TORELL

Isopodichnus sp. (text-fig. 1-2)

LINCK 1942, Stuttgart Formation
(*Schilfsandstein), Miihlbach, Weser

Formation (*Ob.Gipskeuper), Eutendorf

Rusophycus isp. (after KEIGHLEY & PICKERILL

1996)

Isopodichnus eutendorfensis LINCK (text-fig. 3,

5,7

LINCK 1942, Hassberge Formation

(*Kieselsandstein), Eutendorf

Rusophycus eutendorfensis (LINCK)

Isopodichnus eutendorfensis LINCK (text-fig. 8)

LINCK 1942, not indicated

Rusophycus carbonarius (DAWSON)

Isopodichnus raeticus LINCK (text-fig. 9)

LINCK 1942, Exter Formation, Titbingen

washed-out Rusophycus isp.

Cylindricum gregarium LINCK (pl. 1 fig. 1-3)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Skolithos isp. B (this study)

skulpturierte Rinnen-Ausgiisse (= sculptured

channel-fills) (pl. 3 fig. 2)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Steigerwaldichnium heimi KUHN

Isopodichnus sp. (pl. 2 fig. 3)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Rusophycus isp.
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Tab. 1. (continued)

Ichnyspica pectinata LINCK (pl. 2 fig. 1)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

?Diplichnites isp.

fchnyspica pectinata LINCK (pl. 2 fig. 2)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

?inorganic structure

Zopfwiilste (plaited pads) (pl. 3 fig. 3)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Cruziana problematica (SCHINDWOLF)

gekornelte Tunnel-Geflechte (knobbed 'tunnel-

garlands’) (pl. 3 fig. 1)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

?Steigerwaldichnium isp.

Biformites insolitus LINCK (text-fig. 1, pl. 4 fig.

1-2)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Protovirgularia rugosa (MILLER & DYER)

(after UCHMAN 1998)

bogenformige, zuweilen dreistrahlige
Lebensspuren (= arched trace, occasionally

three times radiating) (pl. 4 fig. 3)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

desiccation cracks

Limuludichnus variabilis LINCK (text-fig. 2, pl.

5 fig. 1-2, pl. 7 fig. 1)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Kouphichnium isp.

Limuludichnus gracilis LINCK (text-fig. 4, pl. 6

fig. 5-6, pl. 7 fig. 2)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Kouphichnium isp.

Limuiudichnus gracilis LINCK (pl. 7 fig. 2)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

?Kouphichnium isp.

einzeilige Reihenhocker-Spur (= single row of

humps) (pl. 8 fig. 1-3)

LINCK 1949, Stuttgart Formation

(*Schilfsandstein), NW Wiirttemberg

Lockeia isp. (= most probably Lockeia serialis

SEILACHER & SEILACHER = nomen nudum)

Pelecypodichnus amygdaloides SEILACHER (pl.

12 fig. 1)

SEILACHER 1953, ?wiirttembergischer

Keuper, locality unknown, age questionable

Lockeia siliquaria JAMES

Cruziana? rhaetica LINCK

SEILACHER 1953, Exter Formation (¥*Rhit-

Sandstein), Hangnach quarry

Rusophycus isp.

Saggitichnus lincki SEILACHER (pl. 13 fig. 1-2)

SEILACHER 1953, Stuttgart Formation

(*Schilfsandstein), Sternenfels

Saggitichnus lincki SEILACHER

Planolites sp. (pl. 1 fig. 1)

LINCK 1961, Léwenstein Formation

(*Stubensandstein), Stromberg

?Planolites isp.

Taenidium crinoidiforme LINCK (pl. 1 fig. 2)

LINCK 1961, Léwenstein Formation

(*Stubensandstein), Cleebronn

Taenidium cf. serpentinum HEER

Taenidium sp., kleine biischelige Form (= small

fascicular form) (pl. 2 fig. 1)

LINCK 1961, Léwenstein Formation

(*Stubensandstein), Ochsenbach

?Planolites isp.

Taenidium duplum LINCK (pl. 3 fig. 1)

LINCK 1961, Léwenstein Formation

(*Stubensandstein), Feuerbach

non Taenidium, unidentified trackway similar

to Petalichnus isp. sensu RINDSBERG (1994)
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Cylindricum grande LINCK = Tubifex antiquus
PLIENINGER (text-fig. 1, pl. 4 fig. 1-2, pl. 5 fig.

1-2)

LINCK 1961, Lowenstein Formation

(*Stubensandstein), Stromberg

Skolithos cf. magnus HOWELL

Palaeophycus sp., kleine Form (= small form)

(pl. 1 fig. 3)

LINCK 1961, Lowenstein Formation

(*Stubensandstein), Stromberg

?Planolites montanus RICHTER

Palaeophycus sp. grolle Form (= large form)

(text-fig. 2, pl. 2 fig. 2)

LINCK 1961, Léwenstein Formation

(*Stubensandstein), Stromberg

?Palaeophycus isp.

Isopodichnus (p. 31, pl. 14. fig. 4),

'Kaffebohnen' (= coffee-bean)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Rusophycus cf. eutendorfensis (LINCK)

Isopodichnus 'Langform' (= long form) (pl. 15

fig. 1)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Planolites montanus RICHTER

Cylindricum antiquum (pl. 9 fig. 1, pL. 10 fig. 2)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Skolithos isp. A (this study)

Stopftunnel (= stuffed tunnels) (pl. 10 fig. 1)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Scoyenia gracilis (WHITE)

Cylindricum

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Skolithos isp. A (this study)

Stopftunnel (= stuffed tunnels) (pl. 11 fig. 4)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Taenidium barretti (BRADSHAW)

Cylindricum antiquum (pl. 11 fig. 5)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Skolithos isp.

Stopftunnel (= stuffed tunnels) (pl. 14 fig. 2-3)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

?Scoyenia gracilis (WHITE)

sandige Gangfiillungen (= sandy fillings of

burrows)

FREYBERG 1965, Hassberge Formation

(*Coburger Bausandstein), Zeil-Ebelsbach

Rusophycus carbonarius (DAWSON)

Cruziana problematica (SCHINDEWOLF)

Wurmspur (= worm trace) (text-fig. 1)

WELZEL 1968, Hassberge Formation

(¥*Blasensandstein), east of Leinach

Taenidium cf. serpentinum HEER

ichnog. et ichnosp. incert. (text-fig. 9)

GEYER 1987, Grabfeld Formation

(*Modiola Bank), Franconia

Chomatichnus isp.

Solemyotuba ypsilon SEILACHER (text-fig. S)

SEILACHER 1990, Exter Formation

(*Rhaetic Sandstone), Bebenhausen

Solemyotuba ypsilon SEILACHER




