The environmental significance of the trace fossil
Rhizocorallium jenense in the Lower Triassic of

western Spitsbergen

David Worsley & Atle Mork

The 500 m thick Lower Triassic succession of western Spitsbergen
comprises two shale-dominated formations, which both show upward-
coarsening motifs. These reflect repeated coastal progradations into a
basin dominated by low energy fine-clastic sediments. The trace fossils
Rhizocorallium jenense and Skolithos are found in the coarser parts of
these units and variations in size and orientation of R. jenense give impor-
tant palaeoenvironmental information.

Rhizocorallium jenense occurs in storm-generated siltstones and sand-
stones, whose deposition interrupted prevailing intermediate energy
levels. Size variations and trace fossil abundance suggest an optimal habi-
tat in the shoreface zone, with poorer adaptation to both more offshore
and shallower environments. Age-equivalent marine sediments on north-
eastern Greenland also contain local abundant occurrences of Rhizo-
corallium. These Arctic occurrences contrast with the same trace fossil’s
distribution in the Jurassic of Britain and France, where it characterizes
shallower and higher energy environments; such sequences on Spits-
bergen show an ichnofauna dominated by Skolithos and bivalve escape
shafts.

Orientations shown by the R. jenense U-tubes show a generally, but
not solely, unimodal distribution, with the curved distal ends usually ori-
ented toward onshore. Presumed aperture lineations show strongly uni-
modal trends, probably related to longshore currents. Burrows in beds at
the top of individual storm lobe units show more complex patterns, prob-
ably reflecting both current and wave reworking following lobe abandon-
ment. All finds suggest early colonization by the burrowing organisms.
These were not followed by other burrowers, either because of the nutri-
ent-poor nature of the sediment or because of high sedimentation rates.
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Marine shales dominate the Lower and Middle
Triassic sequences that are assigned to the Sassen-
dalen Group in the Svalbard Archipelago (Buchan
et al. 1965; Mork, Knarud et al. 1982; Mork,
Dallmann et al. 1999). Exposures in eastern and
central areas of Svalbard show moderately thick
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sequences (in the range of 200 to 300 m) that con-
tain only minor amounts of coarser clastic inter-
beds. When traced westwards, the group thickens
to approximately 700 m and shows an increasing
silt- and sandstone content. Exposures in west-
ern Spitsbergen (Figs. 1, 2) are assigned to
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Fig. 1. Map showing the outcrop areas of Triassic rocks and
localities mentioned in the text.

three formational units (in ascending order): the
Vardebukta, Tvillingodden and Bravaisberget for-
mations. Each of these formations shows marked
upward-coarsening trends, reflecting repeated
coastal progradations of a hinterland situated to
the west of the present archipelago. Formational
bases represent regionally significant transgres-
sive episodes, which punctuated this long-term
progradational trend (Merk, Embry et al. 1989).
Upwards coarsening sequences in western expo-
sures show an abundance of trace fossil assem-
blages that document increasing energy levels
upwards within each formation. The aim of this
paper is to discuss the occurrence and environ-
mental implications of trace fossils in the Varde-
bukta and Tvillingodden formations. The much
richer trace fossil fauna of the overlying Middle
Triassic Bravaisberget and Botneheia formations
will be discussed elsewhere.

The most common single trace fossil in this
sequence is the U-shaped burrow of Rhizocoral-
lium jenense. Although this is the type species of
the ichnogenus Rhizocorallium, many and varied
forms of burrows have been assigned to the genus
since Zenker (1836) first described it. All have in
common a U-shaped form with spreiten between
more or less parallel arms; otherwise the great
variety of forms has been assigned to a total of 15

ichnospecies. Great variety in total burrow form
and the proliferation of “species” names led to
increasing confusion as to the origin of these bur-
rows until Fiirsich’s critical review (1974). Fiirsich
pointed out that all previously described “spe-
cies” of Rhizocorallium ought to be reassigned to
three groups on the basis of the functional signifi-
cance of the burrows themselves. Of these, only
the short and obliquely dipping burrows of R.
Jjenense are considered to be domichnid tunnels
formed by suspension-feeders. Long horizontal
and more complex forms assigned to R. irregu-
lare and R. uliarense are interpreted as fodinich-
nid burrows inhabited by deposit-feeders. This
simple classification is under some debate, as dis-
cussed by Jensen (1997), who regards R. jenense
as a form typically found in high-energy shallow
marine conditions. In the Wandel Sea basin of
north-east Greenland, the Permian to Triassic
Parish Bjerg Formation consists of 300 m of
sandstones, shales and conglomerates containing
Rhizocorallium at certain levels in its upper parts
(Hékansson 1979). The overlying Dunken For-
mation of Early to Middle Triassic age also
contains abundant Rhizocorallium at many hori-
zons (Hakansson 1979; Hakansson & Stemmerik
1984).

We will first briefly review the development of
the Vardebukta and Tvillingodden formations and
their trace fossils in exposures from Isfjorden to
Bellsund. We will then discuss a notable occur-
rence of large populations of R. jenense in the type
section of the Tvillingodden Formation, near Fest-
ningen on the southern coast of outer Isfjorden.

Trace fossil bearing sequences

Both the Vardebukta and Tvillingodden forma-
tions have their type sections in the Festningen
profile (Merk, Knarud et al. 1982). The base
of the Vardebukta Formation shows bioturbated
mudstones with occasional intercalated thin silt-
stones; the latter thicken and increase in fre-
quency upwards in the section. Both at Festningen
(Figs. 1, 2) and at Selmaneset immediately to
the north (Fig. 1), the middle of the formation is
marked by sand units interpreted as barrier com-
plexes with intervening lagoonal shales and silts
(Mork, Knarud et al. 1982). The upper third of the
formation then fines upwards into similar mud-
stone and siltstone alternations to those seen low-
ermost in the formation, before passing abruptly
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Shallow shelf Deep shelf  Fig. 2. Interpretative section of
the Lower Triassic succession at
Festningen. Note the presence of
Skolithos ichnosp. in the shal-
lowest shoreface sandstones of
the Vardebukta Formation and
the occurrences of Rhizocoral-
lium jenense in the uppermost
part of the Tvillingodden Forma-
tion (from Merk, Knarud et al.
1982).
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Fig. 3. Skolithos ichnosp. from the Vardebukta Formation at
Festningen (ca. 210 m above base). Scale bar is 5 cm.

into the dark laminated basal shales of the overly-
ing Tvillingodden Formation.

Burrows of Rhizocorallium jenense occur spo-
radically in siltstones above and below the upper-
most shoreface or foreshore deposits of the barrier
sands, but not within these bodies. Although finds
of Diplocraterion have previously been reported
from this sequence (Gazdzicki & Trammer 1978;
Mork, Knarud et al. 1982) reinvestigations of the
section show that most of these traces are slightly
oblique to the bedding, and they probably belong
to Rhizocorallium jenense. The sands themselves
are instead characterized by Skolithos and by pos-
sible bivalve escape shafts. Long parallel bur-
rows of the fodinichnid R. irregulare have also
been found at the transition from individual bar-
rier sands to overlying lagoonal shales at several

localities.

Two immediately adjacent sandstone beds (at
212 m; Fig. 2) are densely burrowed by vertical
tubes. The burrows completely penetrate each
bed, but no burrows are seen to continue through
both beds. Funneling, such as seen in Monocra-
terion, is not observed in the upper part of the
burrows and they have a constant thickness. The
burrows follow the diagnosis of Hantzschel (1975)
for Skolithos Haldemann 1840, being straight,
subcylindrical, unbranched, sediment-filled tubes
perpendicular to bedding. They often contain a
muddy infilling surrounding the central sand plug
and this indicates some sort of lining made by
the trace producer. The sand plug probably rep-
resents passive sand filling after abandonment of
the trace. The specimen in Fig. 3 is 15 cm long
and the 8 - 9 mm diameter tube is surrounded by a
dark brown weathering rim. The Skolithos-bear-
ing sands occur between sandstones with bioclas-
tic debris and interbedded siltstones and shales
enriched in plant remains. These were inter-
preted by Merk, Knarud et al. (1982) as lagoonal
and shoreface facies. The low-angle cross-bedded
sandstone beds with Skolithos represent the high-
est flow regimes in these sequences.

Exposures of the Vardebukta Formation fur-
ther to the south around Bellsund (Mariaholmen,
Akselgya and Bravaisberget; Fig. 1) show a simi-
lar coarsening and ensuing fining upwards trend.
However, the coarsest parts of the sequences there
show the development of sand bodies interpreted
as marine offshore bars (Merk, Knarud et al.
1982). Also in these sequences Rhizocorallium
is generally found sporadically associated with
storm-generated siltstone beds rather than with
the coarser sandstone units.

Poorly exposed sequences near Kapp Thord-
sen (Fig. 1) show a more distal development of
the Sassendalen Group than that seen on the west
coast. Coarsest parts of the Vardebukta equiva-
lents there consist of silty shales with minor thin
siltstones; sporadic small burrows of R. jenense
occur in the latter.

The Tvillingodden Formation is 215 m thick in
its type section where it constitutes a single major
coarsening upwards sequence (Fig. 2). The base
of the formation is marked by the abrupt transi-
tion from bioturbated greyish green mudstones
and intercalated thin siltstones of the Vardebukta
Formation into dark grey laminated shales show-
ing few signs of bioturbation. This formational
boundary is interpreted as reflecting a marked
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change in depositional setting from an offshore,
but still relatively well-aerated shelf into quiet and
probably anoxic environments (see also Wignall
et al. 1998). This transition appears to be pene-
contemporaneous throughout the western Spits-
bergen exposure belt and represents a regional
transgressive event (Merk, Embry et al. 1989).

The basal 80 m of the formation consist of lam-
inated shales with occasional siltstone interbeds
and horizons showing large discoid carbonate
concretions that range up to 3 m in diameter and
50 cm thick. From this level upwards the sequence
shows an increasing sand content; thinly inter-
laminated silty shales and very fine sandstones
show lenticular bedding disturbed by moderate to
strong bioturbation.

Sporadic burrows of R. jenense are found in the
occasional siltstones low in the sequence. Interca-
lated discrete siltstones and very fine sandstones
are relatively common in the uppermost 50 m of
the unit. A concentrated “package” of 51 such
interbeds is exposed in a 12 m sequence between
170 and 182 m above formational base (marked
with R. jenmense symbols in Fig. 2). Several of
these beds contain abundant burrows of R. jen-
ense, but are otherwise not bioturbated. It is this
sequence that has provided most data for the
present study.

The top of the Tvillingodden Formation is
marked by a 2.5 m thick well-sorted and strongly
bioturbated bioclastic sandstone. This contains a
rich but abraded fauna of molluscs and brachio-
pods; a notable species is the spiriferid brachio-
pod Punctospirella stacheyi considered by Dagys
(1974) as typical for the Lower Anisian. A similar
sandstone development has been noted at several
localities along the western coast at this level (see
also Worsley & Mork 1978). The bed indicates
reworking and winnowing of the topmost beds of
the Tvillingodden Formation during a period of
stillstand around wave base. This episode marks
the onset of a regional transgression that resulted
in deposition of the immediately overlying black,
organic and phosphate rich shales of the Bravais-
berget Formation.

A similar siltstone package has also been
observed immediately beneath the top of the for-
mation near Selmaneset, although exposures there
are poor and tectonized. Two beds with abundant
burrows of Rhizocorallium jenense have been
examined. The uppermost of these also marks the
top of the Tvillingodden Formation at Selmane-
set. This bed also contains similar lag faunas of
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Fig. 4. Sedimentological features of the siltstone beds from
the Rhizocorallium-bearing sequence at Festningen.

molluscs and brachiopods to those seen upper-
most in the formation at Festningen.

In contrast to the Vardebukta Formation, the
upper parts of the Tvillingodden Formation show
increasing proximality southwards in the west-
ern exposure belt. Exposures from Bellsund to
Hornsund show laminated shales in the lower part
of the formation and these pass up into highly
bioturbated thick sandstone bodies interpreted as
deltafront deposits. We suggest that this delta
front environment either was not conducive to the
establishment of burrows of R. jenense or that
possible early post-depositional burrows of this
type were later obscured by more thorough bio-
turbators.

Rhizocorallium-rich siltstone sequences
Forty-nine of the 51 siltstone beds high in the
type section of the Tvillingodden Formation are

between 4 and 20 cm thick (Fig. 4 shows features
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Fig. 5. Features of the Rhizocorallium-bearing sequence at Festningen. The parameters are summarized for each metre. See

discussion in the text.

marked R. jenense in Fig. 2). Grain size varies
from coarse silt to very fine sand, but most beds
fall within the silt fraction; the siltstones contain
effectively no clay matrix and have a carbonate
cement. Most siltstone beds show sharp, usually
clearly erosive bases and more diffuse upper con-
tacts, some of which are wave reworked, passing
up into silt/mud laminae. Some beds appear to
lens and thin out laterally, but most show a con-
stant development over the 10 m lateral extent
of exposures (parallel to strike). Rhizocorallium
Jenense is restricted to the upper parts of individ-
ual beds, confirming that each represents a single
depositional episode.

Primary structures within the siltstone beds
include massive bedding, plane-parallel lamina-
tion, hummocky and ripple cross-lamination and
planar-laminated mud-silt intercalations; these
tend to appear upwards in each bed in the order
listed. This vertical organization in individual
beds suggests decreasing flow regimes upwards
during each depositional episode. It is also nota-
ble that there is a significant correlation between
the type of structure at the base of a bed and
that bed’s thickness. The order and frequency of
occurrence of these structures may be used as a
measure of relative “proximality” or, more cor-
rectly, of flow regimes prevailing during the dep-
osition of each individual bed. The “proximality”
index used herein is a modified form of the
ABC index first used by Walker (1967) for tur-
bidite sequences. An essentially similar index
was also used by Brenchley et al. (1979) for
storm-generated sandstones in Ordovician epi-
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continental shelf settings. As used herein, this
“proximality” index is computed per metre as:

((M +2/3P + 1/3H )/(M + P + H))*100

where M represents the number of beds with mas-
sive bedding as basal structure, P those with par-
allel lamination and H those with hummocky or
ripple cross lamination at their bases. Results
shown in Fig. 5 show variations in this index
ranging from 53 % to 100 %. There is a good
general correlation between this index and aver-
age siltstone bed thickness through the sequence,
supporting the observation by Walker (1967)
that thicker beds were deposited from currents
inferred to be flowing in higher regimes. There
is a poor correlation between the index and total
silt content (Fig. 5), in contrast to the results of
Brenchley et al. (1979); these workers noted a
better correlation between sandstone content and
relative proximality than between bed thickness
and this index.

Variations in siltstone thickness and in the
“proximality” index suggest slightly higher energy
regimes in the lower and upper parts of the
sequence than in the middle beds. Abundant
occurrences of R. jenense are notably restricted to
the thickest beds—which also show the full range
of sedimentary structures, suggesting deposition
in the highest flow regimes (Fig. 5).

What are the depositional environments sug-
gested by this sequence? It occurs within the
coarsest part of the entire formation. Although
similar siltstones are seen intermittently through-
out the unit, structures and thicknesses in this part

The environmental significance of the trace fossil Rhizocorallium jenense



of the succession suggest higher energy regimes
than seen elsewhere. The individual siltstones
show all characters typical of storm generation,
reflecting offshore transport of clastic sediment
from a barrier or open coastline by rip currents.
The few directional structures indicate a south-
west directed flow, and post-depositional storm
wave reworking of some beds produced ripples
with axes perpendicular to current flow. This con-
centrated and well-defined lithofacies association,
with sharp lower and upper limits, suggests a
short-lived depositional episode atypical of the
rest of the formation. These features suggest dep-
osition as a localized inner-shelf storm lobe in
the main path of periodic storm-generated rip
currents channelled from tidal inlets of barrier
systems or from an estuarine complex (see also
Brenchley & Newall 1982). The abrupt top to
the sequence would suggest migration of the
lobe concurrent with inlet or estuary migration.
Although exposures do not permit lateral tracing
of the sequence to test this model, the poor expo-
sures at Selmaneset show essentially the same
features, and are compatible with this model. We
should also note that Brenchley et al. (1979) found
index values of 50 % or less in sequences con-
sidered typical of open shelf or lower shoreface
settings, while values similar to those observed
in the Festningen section were encountered in
sequences interpreted as deposited in the upper
shoreface zone

Occurrence of Rhizocorallium jenense

Most information on the mode of occurrence of R.
Jjenense has been provided by the siltstone pack-
age in the Festningen section. Varying modes of
preservation and variation in burrow form are
indicated in Fig. 6. Burrows are U- to pear-shaped
and extend downwards from bed tops obliquely to
bedding, although the angle of burrowing varies
considerably. Because of this oblique angle only
parts of individual burrows are usually seen. Rea-
sonably complete specimens indicate that both
tube diameters and burrow widths increase some-
what towards the curved distal ends. More prox-
imal parts, and especially the aperture to the
sediment surface, have only rarely been observed.
Minimum, mean and maximum dimensions,
observed in a total population of 157 measured
specimens are shown in Fig. 7. The lengths and
minimum burrow widths are mostly taken from

Worsley & Mork 2001: Polar Research 20(1), 37-48

incomplete specimens with only the curved distal
parts of the burrow preserved. Mean observed
lengths are therefore smaller, and mean minimum
widths greater than true values to be expected for
complete specimens.

Size variation is therefore best expressed by
either tube diameter or maximum burrow width
immediately adjacent to the distal end of each
burrow. The correlation between these parame-
ters is shown in Table 1. The observed spread
probably reflects a certain degree of protrusive/
retrusive activity in some specimens, causing
superimposition of two tubes very near to each
other, leading to an overestimation of tube diam-
eter. This tendency is also augmented by a cer-
tain amount of compaction, which has flattened
the tubes somewhat. The most accurate size esti-
mate is therefore taken as the maximum width of
the entire burrow.

Histograms showing both tube diameters and
maximum burrow widths in the four beds with
reasonably large populations are shown in Fig.
8. Burrow width shows clearly unimodal distri-
butions, which are slightly positive-skewed; in
each case the size distributions do not suggest the
presence of several populations of burrows. There
is, however, a large and significant increase in
burrow size from the lowest to the highest bed in
the sequence.

Both beds studied at Selmaneset contain speci-
mens intermediate in size between the extremes
seen at Festningen (mean maximum burrow
widths of 3.8 and 3.9 cm) and there is no signifi-
cant size difference between the two populations.
It is notable that in all other occurrences show-
ing only sporadic burrows of R. jenense, the vast
bulk of burrows are very small, approximating to
the smallest size classes seen in the storm lobe
sequence at Festningen.

Marintsch & Finks (1978) noted size vari-
ations in Zoophycos and other feeding traces
from lower Devonian sequences in New York
State, which were interpreted as representing a
double onshore—offshore cycle. Largest sizes

Table 1. Dimension parameters of Rhizocorallium jenense at
Festningen.

Minimum Mean Maximum
Length (cm) 2.0 52 18.5
Max. burrow width (cm) 1.6 39 9.0
Min. burrow width (cm) 1.2 3.6 6.8
Tube diameter (cm) 0.3 0.7 1.5
43



Fig. 6. Photos of occurrences of Rhicozorallium jenense at Festningen. Lens cap is 5 cm in diameter. (a), (b) and (d) show oblique
traces, while (c), (e) and (g) are more flattened. (f) is nearly vertical and resembles Diplocraterion.
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were found near the centre of each trace’s envi-
ronmental range, for Zoophycos this being in qui-
eter, deeper water environments. Burrows became
smaller in shallower water and were absent in the
shallowest environments represented.

Although not in an entirely analogous environ-
mental situation to the Festningen sequence, work
by Savrda et al. (1984) in bottom sediments of
silled basins of the Californian continental bor-
derland is of great interest as it also deals with size
variation in domichnid burrows. These workers
found that average size of both straight and U-tube
burrows (mostly dug by polychaetes) decrease
markedly with increasing depth and decreasing
oxygen content.

Burrows of Rhizocorallium jenense are inter-
preted as dug by suspension-feeding or scav-
enging organisms, which obtained their food
from the water just outside the burrows. The
unimodal size frequency distributions notably
reflect the presence of only a single generation
of the same burrower. This indicates immediately
post-depositional settlement of spat on the bottom
in optimal conditions, presumably still subject
to wave reworking. Survival times (reflected in
burrow size) were then dependent on the pre-
vailing local environmental conditions. The Fest-
ningen sequence suggests that more and larger
burrows are found in relatively shallow and higher
energy environments—presumably also environ-
ments with greater amounts of nutrients in sus-
pension.

Burrow orientations

In all cases where there are sufficient numbers
to permit analysis, the burrows show significant
orientations. In the field this was measured as
the direction of the U-tubes, forming the basis
for Fig. 9. The lineation of the tube apertures is
also plotted, assuming this to be perpendicular to
burrow orientation. The pattern that emerges is
that three of four beds low in the sequence at Fest-
ningen and the lowest bed studied at Selmaneset
show burrows directed to the south-west, with
only small peaks in the diametrically opposed
quadrant. Burrows in one bed, interesting enough,
show an equally significant, but opposite, major
orientation and are directed towards the north-east
quadrant. In all these cases, however, aperture
lineations are grouped in the SE-NW quadrant,
subparallel to the palacocoastline suggested both
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Fig. 7. (a) Sketch of Rhizocorallium jenense showing param-
eters measured. (b) Scatter diagram of correlation between
maximum burrow width and tube diameter of R. jenense at
Festningen.

by sedimentary structures and regional facies
trends. Significantly enough, the uppermost bed
(bed 50, 11 m interval) with abundant Rhizo-
corallium shows a quite different pattern. Ori-
entations are markedly bimodal, with a major
north-west and minor south-east direction, so that
presumed aperture lineations are perpendicular to
those seen lower in the sequence. The uppermost
bed at Selmaneset shows a diffuse but still sig-
nificant orientation; aperture lineation may indi-
cate two trends: a minor one parallel, but a major
perpendicular to lineations seen otherwise. The
changing orientation and lineation patterns in
these topmost beds clearly reflect changing cur-
rent regimes accompanying abandonment of the
individual depositional lobes. The especially dif-
fuse patterns seen at Selmaneset suggest multidi-
rectional wave and current action, passing well
with the interpretation of this bed as being exten-
sively winnowed.

There have been several reports of well-ori-
ented populations of Rhizocorallium, but these
have apparently been restricted to finds of the
long U-tubes of the Jurassic fodinichnid R. irreg-
ulare. Farrow (1966) suggested an orientation in
response to tidal currents and Ager & Wallace
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Fig. 8. Histograms showing variation in tube diameter and burrow width for Rhizocorallium jenense, at Festningen.

(1970) and Sellwood (1970) noted similar occur-
rences. The reasons for these orientations were
somewhat obscure until Fiirsich (1975) showed
that the burrows occur in rippled sequences, fol-
lowing ripple troughs, i.e. in lee situations with
higher organic content in the sediments.

Burrows made by suspension feeders are often
distinctly oriented, e.g. Diplocraterion parallelum
described by Fiirsich (1975) as oriented “probably
towards tidal currents”. In these cases, as with R.
Jjenense, orientation with regard to prevailing cur-
rents probably served the double function of con-
tinuously supplying fresh food-rich water to the
burrow and removing excremental wastes.

Ecology of Rhizocorallium jenense

Prior to work of Fiirsich (1974) there was consid-
erable confusion as to the nature and ethology of
Rhizocorallium. Although several workers noted
the existence of oblique and horizontal traces in
different situations, they apparently assumed a

common origin for these various types. It is now
clear that burrows of R. jenense reflect domich-
nid traces, although like Sellwood (1970) we note
that the burrows of some recent callianassids may
reflect a double life function of the inhabitant—
as a deposit-feeder during excavation, and later as
a suspension-feeder.

Fiirsich (1975) noted that throughout the
Jurassic, Rhizocorallium jenense shows a distri-
bution in unstable sedimentary regimes indica-
tive of foreshore, high-energy regimes—probably
in the uppermost subtidal zone. In the Corallian,
although it does not constitute one of the charac-
teristic members of Fiirsich’s three distinct asso-
ciations, R. jenense is one of the few forms that
shows a clear relation to only one or a few sub-
strate types. It is in fact highly substrate-specific
and is restricted to high-energy oolite banks.
These younger occurrences are restricted to a
more shallow and higher energy lithofacies than
shown by the Triassic sequences of Svalbard,
which are assumed to have been deposited in
more intermediate depths, although still in the
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shoreface zone. These marked changes in litho-
facies preference of the burrows with time have
clear significance for environmental interpreta-
tions of Mesozoic trace-bearing sequences.

In the German Muschelkalk succession of Thur-
ingia, Knaust (1998) reported a community of
small R. jenense at the base of high-energy lime-
stone beds in a middle ramp setting. It is interest-
ing that these occurrences of R. jenense occupy
a similar facies setting to those reported by us.
Uchman (1992), in a study of Paleogene sed-
iments from Poland, concluded that Rhizocor-
allium is a facies crossing form found both in
shallow and deep water, and Fiirsich & Mayr
(1981) describe R. jenense from fresh water envi-
ronments in Miocene southern Germany expo-
sures. The wider facies occurrences of the Tertiary
forms may suggest that the Rhizocorallium animal
occupied wider niches through time. A similar
phenomenom is also reported from Zoophycos,
which is a typical shallow water form in the
Late Palaeozoic but a deep water indicator in
younger sediments (see discussion by Bromley
1996: 251).

Conclusions

Rhizocorallium jenense is found in the Lower
Triassic of western Spitsbergen in deposits
of intermediate energy levels, associated with
storm-generated siltstone and sandstone beds.
Variations in size and abundance suggest an opti-
mal habitat in the shoreface zone, decreasing
into offshore environments. These occurrences
contrast to trace fossil distributions in Jurassic
sequences in England and France, where R. jen-
ense is restricted to shallower high-energy envi-
ronments. Such sequences in the Lower Triassic of
Svalbard show an association dominated by Sko-
lithos and bivalve escape shafts. They also con-
flict with the Tertiary records of central Europe
where R. jenense occurs in a much wider range
of environments. Similar occurrences of Rhizo-
corallium may, however, be found in north-east
Greenland in time equivalent beds.

Orientations of R. jenese U-tubes show a gen-
erally, but not solely, unimodal distribution, with
the curved distal ends usually directed onshore.
Presumed aperture lineations show strongly uni-
modal trends, probably related to longshore cur-
rents. Burrows in beds at the top of storm
lobe sequences show more complex orientation
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and lineation patterns, probably reflecting both
current and wave reworking following lobe
abandonment.

All finds suggest early colonization by the
organisms responsible for the burrows. These
were not followed by other burrowers, either
because of the nutrient-poor nature of the sedi-
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ment (for infauna) or because of episodic high
sedimentation rates (for suspension feeders).

Detailed sedimentological studies combined
with trace fossil analysis are useful for envi-
ronmental interpretations. Distinctions should be
attempted between occurrences of Diplocrate-
rion, Rhizocorallium jenense, R. irregulare and
Teichichnus. In Triassic sequences of northern
shelf regions such a distinction will be an impor-
tant indicator of energy regimes, aiding environ-
mental interpretation.

Acknowledgements.—Some of the data collated in this study
were collected by Sigrunn Johnsen as part of a Cand.real.
thesis study. Comments from Claus Heinberg and anony-
mous referees are gratefully acknowledged. I1lustrations have
been electronically prepared by Jan Helge Johansen and Berit
Fossum.

References

Ager, D. V. & Wallace, P. 1970: The distribution and signifi-
cance of trace fossils in the uppermost Jurassic rocks of the
Boulonnais, northern France. In T. P. Crimes & J. C. Harper
(eds.): Trace fossils. Geol. J. Spec. Issue 3, 1-18.

Brenchley, P. J. & Newall, G. 1982: Storm-influenced
inner-shelf sand lobes in the Caradoc (Ordovician) of
Shropshire, England. J. Sediment. Petrol. 52, 1257-1269.

Brenchley, P. J., Newall, G. & Stanistreet, I. G. 1979: A storm
surge origin for sandstone beds in an epicontinental plat-
form sequence, Ordovician, Norway. Sediment. Geol. 22,
185-217.

Bromley, R. G. 1996: Trace fossils. Biology, taphonomy and
applications. Second edition. London: Chapman & Hall.
Buchan, S. H., Challinor, A., Harland, W. B. & Parker, J. R.
1965: The Triassic stratigraphy of Svalbard. Nor. Polar-

inst. Skr. 135. Oslo: Norwegian Polar Institute.

Dagys, A. S. 1974: Triasovyj brachiopody (morfologija, sis-
tema, fylogenija, stratigrafi¢eskoe, znacenie i biogeograf-
ija). (Triassic brechiopods [morphology, systematics, phyl-
ogeny, stratigraphic significance and biogeography].) Len-
ingrad: Nauka Publ.

Farrow, G. E. 1966: Bathymetric zonation of Jurassic trace
fossils from the coast of Yorkshire, England. Palaeogeogr.,
Palaeoclimatol., Palaeoecol. 2, 103—151.

Fiirsich, F. T. 1974: Ichnogenus Rhizocorallium. Paldon-
tologische Z. 48, 16-28.

Fiirsich, F. T. 1975: Trace fossils as environmental indicators
in the Corallian of England and Normandy. Lethaia 8,
151-172.

Fiirsich, F. T. & Mayr, H. 1981: Non-marine Rhizocorallium
(trace fossil) from the Upper Freshwater Molasse (Upper
Miocene) of southern Germany. N. Jahrb. Geol. Paldont.
Mh. 6,321-333.

Gazdzicki, A. & Trammer, J. 1978: Tidal deposits in the
Lower Triassic of Svalbard. N. Jahrb. Geol. Paldont. Mh.
6,321-331.

Hantzschel, W. 1975: Trace fossils and problematica. In K.
Teichert (ed.): Treatise on invertebrate palaeontology. Part
W. Boulder: Geological Society of America/ Kansas Uni-
versity Press.

Hakansson, E. 1979: Carboniferous to Tertiary development
of the Wandel Sea Basin, eastern North Greenland. Rapp.
Gronl. Geol. Unders. 88, 78—83.

Hakansson, E. & Stemmerik, L. 1984: Wandel Sea Basin—
the North Greenland equivalent to Svalbard and the Bar-
ents Sea. In A. M. Spencer et al. (eds.): Petroleum geology
of the North European Margin. Pp. 97-107. London: Nor-
wegian Petroleum Society/ Graham & Trotman.

Jensen, S. 1997: Trace fossils from the Lower Cambrian
Mickwitzia sandstone, south-central Sweden. Foss. Strata
42, 1-110.

Knaust, D. 1998: Trace fossils and ichnofabrics in the Lower
Muschelkalk carbonate ramp (Triassic) of Germany: tool
for high-resolution sequence stratigraphy. Geol. Rundsch.
87 21-31.

Marintsch, E. J. & Finks, R. M. 1978: Zoophycos size may
indicate environmental gradients. Lethaia 11, 273-279.

Mork, A., Dallmann, W., Dypvik, H., Johannessen, E. P.,
Larssen, G. B., Nagy, J., Nottvedt, A., Olaussen, S., Pche-
lina, T. M. & Worsley, D. 1999: Mesozoic lithostratigra-
phy. In W. K. Dallmann (ed.): Lithostratigraphic lexicon of
Svalbard. Review and recommendations for nomenclature
use. Upper Palaeozoic to Tertiary bedrock. Pp. 127-214.
Tromse: Norwegian Polar Institute.

Mork, A., Embry, A. F. & Weitschat, W. 1989: Triassic trans-
gressive-regressive cycles in the Sverdrup Basin, Svalbard
and the Barents Shelf. In J. D. Collinson (ed.): Correlation
in hydrocarbon exploration. Pp. 113-130. London: Norwe-
gian Petroleum Society/ Graham & Trotman.

Mork, A., Knarud, R. & Worsley, D. 1982: Depositional and
diagenetic environments of the Triassic and Lower Jurassic
successions of Svalbard. In A. F. Embry & H. R. Balkwill
(eds.): Arctic geology & geophysics. Can. Soc. Petrol.
Geol. Mem. 8, 371-398.

Savrda, C. E., Bottjer, D. J. & Gorsline, D. S. 1984: Develop-
ment of a comprehensive oxygen-deficient marine biofacies
model: evidence from Santa Monica, San Pedro, and Santa
Barbara basins, California Continental Borderland. Amer.
Assoc. Petrol. Geol. Bull. 68, 1179-1192.

Sellwood, B. W. 1970: The relation of trace fossils to small
scale sedimentary cycles in the British Lias. In T. P. Crimes
& J. C. Harper (eds.): Trace fossils. Geol. J. Spec. Issue 3,
489-504.

Uchman, A. 1992: Ichnogenus Rhizocorallium in the Paleo-
gene flysch (outer western Carpathians, Poland). Geol.
Carpathica 43, 57-60.

Walker, R. G. 1967: Turbidite sedimentary structures and
their relationship to proximal and distal sedimentary envi-
ronments. J. Sediment. Petrol. 37, 25—43.

Wignall, P. B., Morante, R. & Newton, R. 1998: The Permo-
Triassic transition in Spitsbergen: §"°C,,, chemostratigra-
phy, Fe and S geochemistry, facies, fauna and trace fossils.
Geol. Mag. 135,47-62.

Worsley, D. & Mork, A. 1978: The Triassic stratigraphy of
southern Spitsbergen. Nor. Polarinst. Arb. 1977, 43—60.

Zenker, J. C. 1836: Historisch-topographisches Taschenbuch
von Jena und seiner Umbegung. (Historic-topographic
guidebook for Jena and surrounding areas.) Jena, Ger-
many: Freidrich Frommann.

48 The environmental significance of the trace fossil Rhizocorallium jenense



