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An exposure of the Lower Cretaceous Robbedale Formation adjacent to the Rgnne

Golf Course, Bomholm, has permitted a more detailed study of the trace fossils
than has been made hitherto. A lithofacies analysis indicates that the sediments
were deposited on the lower to upper shore face in a wave dominated barred
coastal environment. The following trace fossils are present: Conichnus conosinus
isp. n., Cylindrichnus isp., Ophiomorpha nodosa, Skolithos linearis, Teichichnus
rectus, Thalassinoides suevicus forms 1 and 2. These seven trace fossils are con-
tained in nine ichnofabrics. The ichnofabrics are closely related to sedimentary
facies and suggest a shallow marine sedimentary environment. The abiotic fac-
tors, sediment stability and grain size, probably affected the distribution of
ichnofabrics by controlling the occurrence of trace makers and their behaviour.
Associated with Ophiomorpha nodosa at one horizon are a series of trace fossils

that may be interpreted as fodinichnial structures. They somewhat resemble “ray-

holes”. The available nomenclature for such structures is discussed and the name
Conichnus conosinus isp. n. is proposed.
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The Berriasian (Lower Cretaceous) Robbedale Forma-
tion of Bormholm, Denmark consists of uncemented
fine-grained sand (Jsterborg Member) and medium
to coarse sand and gravels (Langbjerg Member)
(Gravesen 1982). Depositional environments fluctu-
ated between decidedly nonmarine and marine condi-
tions (Gravesen, Rolle & Surlyk 1982). Trace fossils
are abundant and especially well preserved in the
@sterborg Member and were first described by Gry
(1968) and Jux & Strauch (1968). They have been
mentioned and illustrated (i.e. Gravesen et. al. 1982;
Noe-Nygaard & Surlyk 1988), but an up-to-date ap-
praisal is overdue. A new Conichnus isp. is proposed
in the present paper. Inland exposures of the forma-
tion are deteriorating rapidly owing to abandonment
of the quarries. However, the appearance of a new ex-
posure adjacent to the Rgnne Golf Course (pit II) (Fig.
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1) was taken as an opportunity to make an ichnological
study of a part of the Robbedale Formation.

Stratigraphy and palaeogeography

Bormholm is situated in the Baltic Sea south of Swe-
den within the Tomquist-Sorgenfrei Lineament and is
strongly block-faulted (Gry 1968). Down faulting of
the blocks as a result of Late Kimmerian extensional
tectonics brought about the deposition of the Nyker
Group (Ziegler 1987; Gravesen et al. 1982).
Sedimentation was controlled by tectonics, changes
in sea-level (eustasy) and fluctuations of climate (Gry
1968; Gravesen et al. 1982). Fault-control on sedimen-
tation has been proposed for the Nyker Group by
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Fig. 1. Map showing geographical
location of the island Bornholm,
Denmark and the studied locality.
After Gravesen et al. (1982).
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Gravesen et al. (1982) and Noe-Nygaard & Surlyk
(1988). The Nyker Group comprises a transgressive
to regressive phase. At the time of deposition (Berria-
sian), Bornholm was situated at the edge of a narrow
seaway connecting the Danish Embayment and the
Polish Trough, i.e. a boreal North Sea and the Tethyan
Sea (Doré, 1991). Later tectonic inversion phases in
Late Cretaceous and Neogene seem to be responsible
for the present structural configuration. The uplift dur-
ing the inversion phases is thought to be more than 1
km in the Tornquist-Sorgenfrei lineament (Japsen
1993).

The Nyker Group, which unconformably overlies
the Middle Jurassic Bagd Formation and is itself
unconformably overlain by Upper Cretaceous marine
sediments of the Arnager Greensand Formation (Gry
1968; Gravesen et al. 1982), has traditionally been
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described as composed of a lower clay-rich limnic and
fluviatile Rabekke Formation followed by the Robbe-
dale Formation. The Robbedale Formation consists of
alower Jsterborg Member deposited during transgres-
sion and an upper Langbjerg Member which, together
with the superjacent Jydegard Formation, was depos-
ited during regression (Gravesen 1982). The Jydegard
Formation is a clay- and sand-dominated, lagoonal and
fluviatile sediment (Gravesen et al. 1982; Noe-
Nygaard, Surlyk & Piasecki 1987; Noe-Nygaard &
Surlyk 1988).

Direct evidence of the age of the Robbedale Forma-
tion is not available, but the Jydegérd Formation has
been dated as Late Berriasian to Valanginian using
ostracodes and dinoflagellates (Christensen 1974,
Surlyk 1980; Piasecki 1984). The upper part of the
Rabekke Formation also has yielded ostracodes, which
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A new sequence stratigraphic approach is attempted
here, in which the Rabekke Formation is regressive
and constitutes the lowstand system tract. These de-
posits are followed by a transgression and deposition
of prograding to aggrading and normal regressive sedi-
ments of the Robbedale and Jydegard Formation dur-
ing the highstand system tract (Fig. 2). From seismic
lines and samples from the sea floor just south of
Bornholm it has been shown that there apparently is
no evidence of relatively deep marine sedimentation
above the Rabekke Formation. Instead there is a direct
transition from the Rabekke Formation to the Robbe-
dale Formation (Fredningsstyrelsen 1986). This could
be due either to erosion or that the Nyker Group was
developed on a basement high where deeper marine
conditions were never reached. The transgression
seems to have regional extension. In Scania (Sweden)
there is a similar paralic succession in Lower Creta-
ceous, but no hiati or erosional surfaces are mentioned
(Norling 1981). The model presented here suggests that
the change in grainsize from @sterborg Member to
Langbjerg Member is merely a change in environment
during a period of prograding to aggrading conditions
and not a change from transgressive to regressive con-
ditions (Fig. 2). During continuing progradation un-
der normal regressive conditions, lagoonal and fluvial
sedimentation of the Jydegard Formation overlies the
coastal environments of the Robbedale Formation.
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The sedimentology of the Robbedale Formation has
been discussed by Gravesen (1982, 1986) and Gravesen
et al. (1982), but the section described here has not
been previously available, The two members are
mainly distinguished on the basis of grain size. The
@sterborg Member is silty fine-grained sand and
Langbjerg Member is medium to coarse sand and grav-
els. In the definition of the members, Gravesen et al.
(1982) also included plant material and ichnology. At
the Rgnne Golf-course the transition from @sterborg
Member to Langbjerg Member is exposed (Figs 3 &
4). No shelly fossils are preserved in the sediment.

Units A and E

Description: Units A & E both consist of white, fine-
grained sand including some lenses or layers of fine to
medium-grained sand. The sand is well-sorted, con-
taining subangular to well-rounded grains. The small-
est grains are the most rounded. The only primary struc-
tures are plane layering and the above-mentioned lenses
of coarser material. The plane layering is defined by
thin drapes of mica. Bioturbation increases from sparse
to common through unit A. Bioturbation varies be-
tween common and sparse through unit E.

Interpretation: These two units are grouped as facics
1. In facies 1 physical reworking probably was a the
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Fig. 3. Log illustrating the examined part of the Robbedale Formation. The relative abundance of each ichnotaxon is
indicated by the number of symbols (sparse, common, abundant). Bioturbation index (BI) after Taylor & Goldring (1993).
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Fig. 4. Overview of the Rgnne Golf Course pit at the time of field work. The quarry is still in use. The lower arrow indicates
boundary between unit A and B/C. The upper arrow indicates boundary between E and F1. The distance between the
arrows is 4.5 m.

dominant factor. During storms, waves may generate
fluidized sediment grain flows in which mica grains
tend to concentrate at the base (Inman, Ewing & Corliss
1966). This would explain the mica-layering.

The coarser lenses are considered to be due to storms
transporting sediment as offshore flows generated by
hydrostatic pressure (Allen 1982; Swift & Thorne
1991). Following the storm. long-term swell reworks
much of this sediment and returns the coarser sand land-
ward (Komar 1976: 320). The lenses and beds of
coarser (medium-grained granular) sand are interpreted
as a post-storm lag.

There are no hummocky cross stratification or small
scale ripples in the sediment. These structures would
be present in the upper part of a fully developed storm-
sequence, but because of reworking of the sediment,
both physically and by bioturbation, these structures
have a low potential for preservation (Clifton 1981;
Miller & Myrick 1992). The facies is interpreted as
representing the outer slope of bars. the sediment hav-
ing originated from bars and been redeposited by
waves.

Unit B

Description: The boundary separating unit A from C
is erosive and the contact is not crossed by trace fos-
sils. In the eastern part of the sand pit, the boundary is
only weakly erosive. Erosive scours into the top of
unit A at the boundary A/C are filled with yellow sand.
This fill is designated unit B. The scour-fills fine up-
wards and are cross-bedded. The bottoms of the scours
contain coarse sand and clasts representing reworked
fragments of trace fossils (Ophiomorpha nodosa) (Fig.
5). No trace fossils have been observed in situ. In some
places there is a rapid transition from sand-filled scours
to a thin fine-grained sand layer 1-2 cm thick. Locally
a 1 cm thick bed of greenish mud separates the scours
and the overlying fine sand layer. The scours and the
fine sand layer are not consistent throughout the expo-
sure, but disappear to the northeast.
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Interpretation: Deposition of sand of facies 1 was in-
terrupted by a deepening of water. Before fine mate-
rial was deposited, storm conditions were able to erode
the sediment and caused scouring. Only coarser mate-
rial was deposited as a lag deposit (Nummedal & Swift
1987). Later a weaker storm may have generated the
thin sand layer. These sand layers or transgressive lag
comprise facies 2. The change in sea level may have
been caused by tectonics or by a lateral change in en-
vironment, where the beach was starved of sediment.

Units C. D1 and D2

Description: These three units together coarsen up-
wards and define facies 3. Unit C consists of 35 cm of
organic-rich sandy clay and silt having a greenish col-
our. Unit D1 consists of 45 cm of silty fine-grained
sand having a light greyish colour. Both units are to-
tally bioturbated. The transition from unit DI to unit
D2 is gradual, and unit D2 consists of the same silty
fine-grained sand as in unit D1. Unit D2, in contrast,
also contains four layers approximately 5 ¢cm thick of
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Fig. 5. Scour with fill containing clasts of Ophiomorpha
nodosa, unit B. Scale 20 ¢cm. Photograph taken by R. G.
Bromley.
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well sorted, normal graded, medium to fine-grained
sand. The total thickness of unit D2 is 60 cm. There is
no distinct boundary between units D2 and E. -

Interpretation: Units C, D1 & D2 (facies 3) are thought
to have been deposited in relatively deeper water. The
phase of deepening induced a pause in sand sedimenta-
tion and a relative increase in clay deposition. Slowly
the shoreéline prograded and coarser material and storm
induced sand stringers in unit D2 were deposited.

Units F1 and F2

Description: Units F1 and F2 overlie unit E and con-
sist of moderately sorted, subangular, medium to
coarse, greyish sand. The units have trough-cross-bed-
ding alternating with intervals lacking any visible struc-
tures. The height of the cross-bedding sets is approxi-
mately 10-20 cm and the palaeoflow direction has been
measured as approximately 40°. The cross-bedding
seems to be most intense in the lower part of unit F1,
although visibility in the unlithified, pure white sand
is poor. In unit F1 there are thin layers of coal in con-
nection with the set-boundaries. More often, only scat-
tered clasts of coal, less than 1 c¢m in size, are found.
The density of coal-fragments increases upward
through unit F1. The top of unit F1 is overlain by an
interrupted coal layer up to 5 cm thick. The unit above
this coal layer is F2, which resembles unit F1. In unit
F2, however, the density of coal fragments decreases
upwards. The unit has been disturbed by ice move-
ment during the Quaternary, and therefore was not
examined thoroughly.

Interpretation: Units F1 and F2 are interpreted as rep-
resenting a rip channel and longshore trough. This
corresponds with the abrupt increase in grain size and
the erosive character of the bottom of unit F1. The most
typical structures in longshore trough facies consist of
relatively coarse sand and gravel containing longshore-
dipping medium-scale trough cross-bedding overlain
by finer-grained onshore-dipping medium and small-
scale cross-bedding. Rip-channel facies typically con-
sist of offshore-dipping trough cross-bedding and tabu-
lar cross-bedding (Hunter, Clifton & Phillips 1979).
None of the bar facies is preserved, as it would be
eroded by the trough and rip-channel as these migrated
seaward. Units F1 and F2 are grouped together as facies
4 and represent a prograding upper shoreface environ-
ment, as expressed by the topographically low struc-
tures of rip channel and longshore trough.

The four facies (1, 2, 3 and 4) are grouped together
as one facies association, deposited on the foreshore/
shoreface in a wave dominated barred coastal envi-
ronment. The four facies probably represent one
prograding succession interrupted by a minor trans-
gression giving the scour and fine grained association.

. The boundary between units E and F is the boundary
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between @sterborg Member and Langbjerg Member,
The change in grainsize is interpreted as an expression
of changing facies in a shore environment under nearly
constant basin subsidence and not a change from trans-
gressive to regressive conditions.

Ichnology

The units in the examined outcrop are all partly or to-
tally bioturbated. The following ichnotaxa are repre-
sented: Conichnus conosinus isp. n., Cylindrichnus isp.,
Ophiomorpha nodosa, Skolithos linearis, Teichichnus
rectus and Thalassinoides suevicus forms 1 and 2, each
of which is described below.

Because the sediments are not cemented, it is im-
possible to collect intact samples without the use of
fixatives. At the slightest touch the biogenic structures
tend to collapse. The outcrop surface is exposed to
natural wind-generated sand-blasting, which increases
the visibility and three-dimensional exposure of the
structures. The interaction between variations in tex-
ture, grainsize, colour and sand-blasting allow the dis-
crimination and study of the trace fossils.

Sampling

A sample of Conichnus conosinus isp. n. was taken by
smoothing a vertical wall showing a section of a speci-
men. The surface was sprayed with glue (3M Photo
Mount). Immediately after this the surface was cov-
ered with fabric. After the glue had hardened a thin
layer of sediment attached to the fabric could be remov-
ed. Finally the sample was sprayed with laquer (3M
Spray Fix) to provide extra binding. A similar method
was described by Farrow (1975).

Ichnological descriptions

Conichnus conosinus isp. n.

Type locality: The type locality for this ichnospecies
is the inland quarry at the eastern margin of the Rgnne
Golf Course, Bornholm, Denmark, adjacent to the road
from Rgnne to Aakirkeby (Fig. 1). The trace fossils
occur in the @sterborg Member of the Robbedale For-
mation, Lower Cretaceous (Gravesen et al. 1982).

Type horizon: Emplaced in the uppermost part of unit
A at the boundary to unit C.

Holotype: Glue-laquer-peel (Fig. 6), Geological Mu-
seum of Copenhagen, Denmark, MGUH 22180.

Etymology: “cono-" (Latin conus) refers to the coni-
cal component of the trace fossil. “-sinus” (Latin si-
num) refers to the dish-shaped component of the trace
fossil.
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Fig. 6. The Conichnus conosinus isp. n. holotype (Geological
cm.

Diagnosis: A Conichnus that consists of sub-conical
depressions having two main components: an upper,
broad, dish-shaped depression and a steeply inclined
cone in the central part of the trace fossil. The dish-
shaped upper depression tends to be oval in form.

Morphology: The structure has two main components.
An upper, broad, dish-shaped depression abruptly
changes to a steeply inclined cone in the central part
of the trace (Figs 6 & 7). At the bottom of the cone
there are commonly one or several truncated shafts of
Ophiomorpha nodosa (Fig. 8A). The dish and the up-
per parts of the cone are generally filled with mottled
to weakly stratified sediment, whilst the bottom of the
cone is filled with structureless sand. Successive ver-
tical sections through the trace reveal that the dish-
shaped upper depression tends to be prolonged as an
oval in one direction, giving the trace fossil a bilateral
symmelry. At the perimeter of the dish a minor ridge
oceurs in some examples.

The diameter of the dish ranges from 18 to 27 cm
and the depth varies from 1 to 3.5 em. The diameter of
the cone ranges from 10 to 17 ¢m and the total depth
of the trace varies from 9 to 15 cm.

Discussion: Evidence strongly suggests a biotic ori-

gin of the structure. The structure is in sharp contact
with the sediment in which it is emplaced (unit A) (cf.
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Kamola 1984: 535, fig. 18). The internal fill of Ophio-
morpha nodosa below Conichnus conosinus isp. n.
consists totally of white sand. There is no sediment
similar to unit C. The fill of Conichnus conosinus isp.
n. generally does not exhibit any internal primary sedi-
mentary structures, except in the upper part. Compared
with pot casts (potholes) the outline of Conichnus
conosinus isp. n. is very regular and lacks spiraling
groove marks (Knaust & Langbein 1995). There is no
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Fig. 8. Photographs of ichnofabrics and time sequence diagrams. The latter showing degree of bioturbation related to
ichnotaxa and time. Percentage values are approximate. Legend as in Fig. 3. A: Ichnofabric 1a with specimens of Conichnus
conosinus isp. n. at the A/C boundary. Scale 20 cm. B: Ichnofabric 2a, Jower part of unit A. The small dots are concretions
and stains of iron oxides. Scale 5 cm; C: Ichnofabric 2b, upper part of unit F1 and unit F2. Scale 10 cm.
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evidence indicating deformation after formation of the
traces. In units A and C no slump structures or. water
escape structures have been observed. It is thus con-
cluded that the structure is a trace fossil.

The morphology of this trace fossil poses some
ichnotaxonomical problems, combining characteristics
of two different groups of trace fossils in one struc-
ture. Furthermore, its ethological interpretation does
not follow that normally implied by those two groups.

The dish-shaped structure at the upper part of the
trace fossil resembles examples described elsewhere
as depressions produced by fish (Cook 1971; Willers
1981; Johnson, Halfman, Busch & Flood 1984). Such
structures formed the basis of the ichnogenus Pisci-
chnus as described by Feibel (1987).

The lower part of the Robbedale structure, however,
resembles the conical trace fossil Conichnus as erected
by Myannil (1966) and emended by Pemberton, Frey
& Bromley (1988). There is an abrupt break in mor-
phology between the two parts of the trace fossil, yet
the two parts clearly represent a constructional unit.

It should be mentioned that Gregory (1991) has
emended Piscichnus markedly so as to include deep,
steep, plug-shaped trace fossils which he attributed to
feeding activities of rays. This emended version has
been followed by Ekdale & Lewis (1991). Those au-
thors’ trace fossils, however, more closely are allied
to the morphology of Bergaueria, as discussed by
Pemberton et al. (1988), and Kulindrichnus and do not
resemble the Robbedale material. Because the trace
fossil in the Robbedale Formation is dominated by the
deep conical part, it is referred here to Conichnus.

Conichnus conosinus isp. n. is distinct from Conich-
nus conicus Myannil 1966 and Conichnus papillatus
Myannil 1966 (cf. Pemberton et al. 1988) by having
the dish component. In addition, the Conichnus cono-
sinus isp. n. lacks a papillate protuberance.

Interpretation: As Ophiomorpha nodosa occurs in rela-
tively high concentrations immediately below speci-
mens of the Conichnus conosinus isp. n., the latter are
clearly genetically associated with them. The
Conichnus conosinus isp. n. may thus be interpreted
as the work of an animal preying upon the Ophio-
morpha nodosa-maker. As such, the Conichnus cono-
sinus isp. n. represents a praedichnion. But this inter-
pretation does not clarify for what purpose the preda-
tor preyed upon Ophiomorpha nodosa filled with white
sand. The Ophiomorpha nodosa surely was abandoned
before formation of Conichnus conosinus isp. n.
Another interpretation may be suggested. For exam-
ple Karplus, Szlep & Tsurnamal (1974) and Bromley
(1990: 95) mentioned examples of endobenthic sym-
biosis. Perhaps the occurrence of Conichnus conosinus
isp. n. with Ophiomorpha nodosa below is an exam-
ple of a similar habit, namely interaction between an
epibenthic tracemaker and an endobenthic tracemaker
respectively. As no constrictive apertures of Ophiomor-
pha nodosa exist in contact with Conichnus conosinus
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isp. n. and again considering the presence of an infill
of white sand in Ophiomorpha nodosa there is no evi-
dence supporting this explanation.

For example Mauviel, Juniper & Sibuet (1987) and
Bromley (1990: 45-46, 48, 268, figs 4.12, 4.14; 1996:
47-51, 344, figs 3.14, 3.16, 3.17) demonstrated the
concept of funnel feeding with recent examples involv-
ing endobenthic animals. By means of a funnel-shaped
burrow aperture the animal traps detritus. Conichnus
conosinus isp. n. may be interpreted in a similar etho-
logical way. As such, the lower component was inhib-
ited by the tracemaker and the upper main component
functioned as a trap. But this does not explain the oc-
currence of Conichnus conosinus isp. n. above rela-
tively high concentrations of Ophiomorpha nodosa.

Alternatively, Conichnus conosinus isp. n. can be
interpreted as a feeding trace reflecting “open-pit min-
ing”. The tracemaker exploited a particular part of the
substrate for food, maybe to gather organic material
incorporated in wall-linings of the Ophiomorpha
nodosa. During time of “mining” the tracemaker oc-
cupied the depression. Following this interpretation,
Conichnus conosinus isp. n. can be ethologically clas-
sified as a fodinichnion (combination of feeding and
dwelling).

In summary, Conichnus conosinus isp. n. most prob-
ably represents a fodinichnion. The biological nature
of the tracemaker is not known.

Cylindrichnus isp. v
These trace fossils, preserved in full relief, are slightly
curved and obliquely oriented. The traces have an el-
liptical outline in cross section (Fig. 8B). The diam-
eter is generally around 2.5 cm. The exterior wall is
composed of mutiple layers of darker and lighter col-
oured sediment, a feature that was also observed in
this ichnogenus by McCarthy (1979), Archer (1984)
and Howard & Frey (1984). They are here assigned to
Cylindrichnus Toots in Howard 1966.

Ophiomorpha nodosa Nilsson in Lundgren 1891
These trace fossils (Figs 8 & 9) have external diam-
eters from 5-13 mm and internal diameters from 4-13
mm. These dimensions are relatively small for the
ichnotaxon (cf. Frey, Howard & Pryor 1978). The
thickness of wall- and roof-lining varies from ca. 1
mm to extremely thin. In the Robbedale Formation
somewhat larger dimensions, i.e. external diameters
of 10-20 mm, were reported by Gry (1968) and Jux &
Strauch (1968).

The general configuration of the palacoburrows com-
prises vertical shafts showing branching. We have been
able to trace individual trace fossils for a maximum
length of 67 cm, but there is indirect evidence of sub-
stantially greater lengths. If palacoburrows in unit A
were filled with sediment derived from Unit E, it would
indicate a minimum length of 1.5 m. Gry (1968) ob-
served that the nearly vertical shafts could reach lengths
of at least 1 m and Bromley (1979) reported shafts to
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Fig. 9. Photographs of ichnofabrics and time sequence diagrams. A vertical line across a bar indicates that cross-cuttings
between two ichnospecies have not been recognized or may not exist. A: Ichnofabric 2¢. lower part of unit E. Scale 5 cm.
B: Ichnofabric 3a, upper part of unit E. Scale 20 cm: C: Ichnofabric 3b, lower part of unit F1. Scale 5 cm.
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1.3 m at the same horizons. Recent Ophiomorpha
nodosa from the southeastern USA reach lengths of at
least 3-5 m (Frey et al. 1978), but these have larger
diameters than the Ophiomorpha nodosa from the
Robbedale material.

Wall-linings consist of rounded pellets, apparently
in a single layer, smoothed on the interior wall sur-
face. The pellets consist of a more fine-grained sedi-
ment than the surrounding sand. The pellets have a
darker colour and are slightly more resistant to wind
erosion.

Two kinds of branching have been observed. One in
which the main vertical shafts diverge into two nearly
horizontal branches. Another in which the main shaft
branches into two steeply inclined shafts. No upward
branching has been observed.

The Ophiomorpha nodosa intersect each other. This
may be unavoidable, owing to the high density of trace
fossils. However, in units having lower density of
Ophiomorpha nodosa, intersection is less common or
absent.

Collapse structures, caused by overburden of the
overlying sediment, occur at the boundary E/F1 (Fig.
10). Each collapse structure consists of a vertical se-
ries of down-warped laminae. The tendency to incli-
nation of the laminae diminishes upward (cf. Asgaard
& Bromley 1974, Frey et al. 1978, Kamola 1984, Noe-
Nygaard & Surlyk 1988). The collapse structure is
usually associated with a horizontal or oblique seg-
ment of Ophiomorpha nodosa.

Skolithos linearis Haldeman 1840

These simple trace fossils (Fig. 9B) are nearly verti-
cal, unbranched, cylindrical burrows. In unit E the
shafts are extremely slender. having diameters between
0.8 and 1.5 mm. In the uppermost part of unit E the
diameters are about 1 mm. They are traceable verti-
cally over distances of at least 28 ¢cm in unit E. Varia-
tion in diameter is less in the uppermost part of that
unit. The diameter of the individual trace fossil is al-
ways constant. In the Robbedale Formation this
ichnotaxon has been observed by Gry (1968), Gravesen
(1982), Gravesen et al. (1982). Noe-Nygaard & Surlyk
(1988) and Hamann (1989).

Teichichnus recius Seilacher 1955

Generally Teichichnus rectus (Fig. 11A & 11B) are very
uniform in size, both within units and across bounda-
ries. All specimens exhibit a retrusive spreite. Max.
length, max. width and max. depth are respectively
24.5 cm, 2.6 cm and c. 2 em. The traces are preserved
as positive reliefs on weathered surfaces.

Thalassinoides suevicus (Rieth 1932) forms 1 and 2
The morphology of the Thalassinoides suevicus forms
1 and 2 (Fig. 11), which are found in the clay-rich units
C. D1 and D2, resembles that of the Ophiomorpha
nodosa, except for lack of wall-lining.
Thalassinoides suevicus form 1 is filled with white
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Fig. 10. Collapse structure in connection with Ophiomorpha
nodosa, lowermost part of unit F1. Ophiomorpha nodosa at
tip of finger. Scale 10 cm.

sand. Diameters of Thalassinoides suevicus form | are
89 mm. which overlaps the internal diameters of the
Ophiomorpha. The transition of Ophiomorpha to
Thalassinoides has been described by several authors
including Bromley & Frey (1974) and Frey etal. (1978:
fig. 6). Such transitions occur in the Robbedale For-
mation at the Golf Course pit and at neighbouring lo-
calities, e.g. Skraedderbakken (R. G. Bromley. pers.
com. 1992). Owing to this transition, and the morpho-
logical similarity of Ophiomorpha nodosa and
Thalassi-noides suevicus form 1, it is probable that the
same tracemaker is responsible for the two ichnotaxa.
The difference is probably an expression of the change
in grain size and consistency between a clayey substrate
and a substrate dominated by fine sand (Bromley &
Frey 1974: Ekdale, Bromley & Pemberton 1984: 71,
fig. 6-2; Asgaard & Bromley 1989: Pollard, Goldring
& Buck 1993).

Thalassinoides suevicus form 2 has a fainter appear-
ance than Thalassinoides suevicus form 1, and is filled
with grey sand. The preferred orientation of segments
is variable. The difference between the two forms is
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subtle and therefore the ichnotaxa are considered as
informal.

Tiering of trace fossils

The term tiering was suggested by Bottjer & Ausich
(1982) for vertical partitioning in a endobenthic com-
munity. Conichnus conosinus isp. n. and Teichichnus
rectus are shallow tier structures. Cylindrichnus isp.
and Skolithos linearis are intermediate tier structures.
Thalassinoides suevicus forms 1 and 2 seem to be in-
termediate to deep tier structures. Ophiomorpha nodosa
is a deep tier structure. Several unit boundaries are
cross-cut by Ophiomorpha nodosa (see below).

Ichnofabrics

Ekdale & Bromley (1983: 110) defined the term ichno-
fabric as “those aspects of the texture and internal struc-
ture of the bed resulting from all phases of biotur-
bation”. Distinctive types of ichnofabrics are recog-
nised within each sedimentary unit (Fig. 3). Lateral
variation is only minor. Each of these ichnofabrics is
described by a time sequence diagram based on cross-
cutting relationships and amount of bioturbation (Figs
8,9 & 11). A closely similar version of this diagram,
ichnofabric constituent diagram (ICD), has been pre-
sented by Taylor & Goldring (1993) and Pollard et al.
(1993). However, whereas those authors use a loga-
rithmic scale for the horizontal axis, we use a natural
scale, which provides a better visual impression of the
ichnofabric. Another type of diagram, tiering biotur-
bation model, was presented by Bromley (1990: fig.
6.18). This diagram is not used because cross-cutting
relationships of a trace fossil as Ophiomorpha nodosa
often reflect time sequence of burrowing and not tier
depth relationships. Associated ichnotaxa do not nec-
essary reflect original tiering in an aggradational
substrate (Pollard et al. 1993; J. Pollard, pers. com.
1996).

The seven-level scheme of bioturbation indices (BI)
suggested by Taylor & Goldring (1993) and with ex-
amples demonstrated by Pollard et al. (1993) is used
to indicate the amount of bioturbation visible in each
ichnofabric. BI 0 is zero bioturbation and BI 6 is 100%
bioturbation. The scheme is similar to the semi-quan-
titative six-level scheme of ichnofabric indices (ii) es-
tablished by Droser & Bottjer (1986) and Bottjer &
Droser (1991; 1994). The BI grades are used since they
are based on verbal descriptions supported by percent-
age bioturbation values (see Taylor & Goldring 1993:
table 1). The verbal descriptions can only to some de-
gree be followed because the amount of burrow over-
lap is not necessarily directly proportional to the
amount of bioturbated sediment (see ichnofabric 3a
below). In addition the visibility of trace fossils repre-
senting shallow tiers is rather poor, even in ichnofabrics
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of low BI. The visibility of trace fossils should there-
fore be used with caution to determine BI grades.

The amount of bioturbation for each ichnotaxon is
described by using the terms sparse, common and abun-
dant (Ekdale et al. 1984) instead of BI because of ex-
tremely poor visibility of shallow tiers. The same con-
siderations concern the percentage bioturbation val-
ues indicated in the time sequence diagrams. There-
fore the values must be considered as approximate.

Ichnofabric 1a (Fig. 8 A): This ichnofabric occurs in
the upper part of unit A. Background is structureless.
Bl is 2. Cylindrichnus isp. is very sparse and appears
as elliptical structures. Ophiomorpha nodosa has thick
linings and individual shafts tend to cluster in groups
that radiate divergently downward. Density of
Ophiomorpha nodosa increases upward from sparse
to common. At the boundary A/C Ophiomorpha nodo-
sa are truncated by erosion. At the northeastern end of
the outcrop, where erosion at this contact was weak,
Conichnus conosinus isp. n. structures truncate a large
proportion of Ophiomorpha nodosa traces in unit A,
Conichnus conosinus isp. n. occurs with the groups of
Ophiomorpha nodosa. Conichnus conosinus isp. n.
represents the uppermost preserved bioturbation tier.

Ichnofabric 2a (Fig. 8B): This ichnofabric is found
in the lower part of unit A. The original primary layer-
ing forms the background. BI is 1-2. Cylindrichnus
isp. is very sparse, appearing as elliptical structu-
res.Ophiomorpha nodosa is not clustered and no pre-
ferred orientation has been observed. The wall-linings
have variable thickness, and the roof-linings are espe-
cially thick.

Ichnofabric 2b (Fig. 8C): This ichnofabric is found
in the upper part of unit F1 and in unit F2. The original
primary layering forms the background. BI is
2.0phiomorpha nodosa is common. Ophiomorpha
nodosa is much branched and the wall-linings are thick.

Ichnofabric 2¢ (Fig. 9A): This ichnofabric is found
in the lower part of E. The original primary layering
forms the background. BI is 2-3. The density of
Ophiomorpha nodosa decreases from abundant to
sparse. Ophiomorpha nodosa is densely branched and
the wall-linings are distinctly thinner than in ichno-
fabric 2b. , ’

Ichnofabric 3a (Fig. 9B): This ichnofabric is found
in the upper part of unit E. The original primary layer-
ing forms the background. Bl is 2. Ophiomorpha nodo-
sa is sparse and Skolithos linearis is common. The in-
dividuals of Skolithos linearis avoid cross-cutting each
other (phobotaxis). No contacts between Skolithos
linearis and Ophiomorpha nodosa have been observed.
Ophiomorpha nodosa are dominately sub-vertically
oriented. The wall-linings of Ophiomorpha nodosa are
thick. Ophiomorpha nodosa from unit F1 crosses the
boundary E/F1. Collapse structures in connection with
upper parts of Ophiomorpha nodosa have been found
at the boundary E/F1.

Ichnofabric 3b (Fig. 9C): This ichnofabric is found
in the lower part of F1. The original primary layering
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makes up the background. Bl is 2. Ophiomorpha
nodosa is sparse.Ophiomorpha nodosa is distinctly less
dominated by sub-vertical segments than in ichnofabric
2b and wall linings are very thick. Skolithos linearis is
common. Collapse structures may occur.

Ichnofabric 4a (Fig. 11A): This ichnofabric is found
inunit D2. Bl is 6. The background is made up of com-
mon Teichichnus rectus, cut by sparse Thalassinoides
suevicus form 2 and sparse Ophiomorpha nodosa.
Ophiomorpha nodosa cuts Thalassinoides suevicus
form 2. Teichichnus rectus are apparently preferentially
orientated with their long axis NE-SW. No preferred
orientation of Thalassinoides suevicus form 2 has been
observed.Ophiomorpha nodosa is dominately sub-ver-
tical and no branching has been found. Wall-linings
are developed but they are not thick. Ophiomorpha
nodosa crosses the upper boundary.

Ichnofabric 4b (Fig. 11B): This ichnofabric is found
inunit D1. B is 6. The background is made up of abun-
dant Teichichnus rectus, cut by sparse Thalassinoides
‘suevicus form 2 and sparse Thalassinoides suevicus
form 1. Cross-cutting relationships are unambiguous.
" Thalassinoides suevicus form 1 cuts Thalassinoides
suevicus form 2. Thalassinoides suevicus form 2 is
mostly obliquely oriented. Teichichnus rectus are ap-
parently preferentially orientated with their long axis
NE-SW. The orientation of Thalassinoides suevicus
form.1 is oblique to vertical. The gradual boundary
D1/D2 is crossed by all three trace fossils. In contrast
to 4a, Ophiomorpha nodosa is lacking.

Ichnofabric 5a (Fig. 11C): This ichnofabric is found
in unit C. Bl is 6. The background is mottled by biotur-
bation. Thalassinoides suevicus form 1 is sporadically
distributed and randomly oriented. No branching is
observed. In contrast to the overlying 4a and 4b, Teichi-
chnus rectus is absent. Thalassinoides suevicus form 1
crosses the boundary C/D1.

Ichnological discussion

The use of ichnofabrics instead of ichnofacies typi-
cally gives a higher degree of resolution (Goldring
1993). In this case there is a higher number of ichno-
fabrics compared with the potential number of ichno-
facies. In the following, the ichnofabrics and their chro-
nology are discussed in terms of environmental inter-
pretation.

Ichnofabrics 2a and la: Cylindrichnus occurs typi-
cally in sandy sediment deposited in marine protected
shoreface and open shoreface (McCarthy 1979).
Ophiomorpha occurs typically in shallow-marine
sandy facies (Ekdale 1992; Merrill 1984; Pollard et al.
1993). In some cases Ophiomorpha has been found in
sediments representing nonmarine environments
(Merrill 1984; Stewart 1978), but according to
Goldring & Pollard (1995), Stewart (1978) was mis-
taken. ~

The upward increase of Ophiomorpha nodosa may
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indicate a lower sedimentation rate in the top of unit
A. This could ultimately have led to a sedimentation
stop at the upper boundary, but the sedimentological
data do not indicate any changes in depositional rate
until at the boundary A/C. As.the primary structures
have been obliterated by bioturbation, other abiotic
factors (e.g. salinity, temperature, etc.) may have caused
an increase of Ophiomorpha nodosa. The presence of
the Conichnus conosinus isp. n., which is clearly re-
lated to the Ophiomorpha nodosa, indicates that after
the erosion of unit A the surface was colonised again.
The variable wall-linings of Ophiomorpha nodosa in
the Jower part of the unit may indicate that the substrate
was relatively stable.

Ichnofabric 5a: Thalassinoides is most common in
shallow marine settings (Ekdale 1992). The white fill
of Thalassinoides suevicus form 1 indicates that the
burrow system was open when the sedimentation of
the overlying white sand-was initiated. Consequently
the Thalassinoides suevicus form 1 is not necessarily
contemporary with the deposition of the muddy sedi-
ment but instead represents colonization of the C/D1
surface or maybe a surface further above.

Ichnofabrics 4b and 4a: The gradual increase in the
grain size of the sediment through units D1 and D2
caused a transition in sediment consistency from rela-
tively stable to unstable, thus inducing the transition
from Thalassinoides suevicus form 1 to Ophiomorpha
nodosa. This supports Ekdale (1992) who stated that
the distribution of Ophiomorpha and Thalassinoides
is influenced by substrate conditions rather than by
bathymetry. The preferred orientation of Teichichnus
rectus could be explained as a response to palaeoslope
or predominant bottom current-direction.

Ichnofabrics 2¢ and 3a: The abrupt decrease in abun-
dance of Ophiomorpha nodosa at the lower part of unit
E could indicate that an increased sedimentation rate
caused a more stressed environment. The introduction
of Skolithos linearis may indicate that a further increase
in energy conditions has occurred at the top of the unit.
The fact that Ophiomorpha nodosa consists mainly of
shafts and co-occurs with Skolithos linearis indicates,
under the assumption that they were contemporary, that
it was an assemblage of opportunists (Bromley 1990:
215). The dominance of Ophiomorpha nodosa shafts
is typical of high-energy settings (Frey et al. 1978;
Kamola 1984). Compared with Upper Cretaceous
marine deposits described by Howard & Frey (1984)
such settings could be lower foreshore, foreshore-
shoreface transition and upper shoreface. Ophiomorpha
nodosa and Skolithos isp. have been found together in
sediment deposited in a lower foreshore-upper
shoreface environment (Curran 1985). The collapse
structures in connection with Ophiomorpha nodosa
indicate that the substrate was unstable when the bur-
rows were constructed, or at least before they were
filled with sediment. Kamola (1984) found Ophiomor-
pha nodosa;, Skolithos and collapse structures as parts
of a Cretaceous channel-fill assemblage. A similar as-
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semblage may be found in modern hlgh-energy ma-
rine environments (Kamola 1984).

Ichnofabrics 3b and 2b: In the transition from ichno-
fabric 3b to 2b, the disappearance of both Skolithos
linearis and the collapse structures may indicate a low-
ering in energy level. Some specimens of the Ophio-
morpha nodosain unit F1 probably originated in strata
above unit F2. Though thickness of wali-linings is not
always related to sediment stability (e.g. Frey et al.
1978: 207), the thick wall-linings and the collapse
structures of the Ophiomorpha nodosa may indicate
that the sediment was unstable.

The ichnofabrics presented in this paper more or less
resemble ichnofabrics recorded by Pollard et al. (1993)
in shallow-water facies. Especially their ichnofabric 3
(Ophiomorpha with primary lamination), which they
principally based on deposits interpreted as estuarine
sedimentation, resembles our ichnofabrics with Ophio-
morpha nodosa. Structures similar to the collapse struc-
tures in the Robbedale Formation have been interpreted
as caused by up-down movements of tidal watertable
within the sediment in intertidal sediments (cf. Bromley
1990: fig. 7.1). In the studied section of the Robbedale
Formation there is no evidence of any primary sedi-
mentary structures indicating tidal influence.

Conclusion

Ata sand quarry adjacent to the Rgnne Golf Course a
section of the Robbedale Formation, consisting of
(sterborg Member and Langbjerg Member, has been
divided into depositional units from A to F represent-
ing four sedimentary facies. These are interpreted as
comprising part of an aggrading to prograding clastic
wedge. Based on sedimentary features (grain size, sort-
ing and scarce physical structures) the depositional
environment is interpreted as lower to upper shoreface
in a wave dominated barred coastal environment.

Nine distinct types of ichnofabrics have been found
in this section. Distinction between the ichnofabrics is
primarily based on characters such as ichnotaxa, cross-
cutting relationships (time sequence), orientation (at-
titude) of trace-fossil segments and occurrence and
thickness of wall-lining. The distribution of ichnofab-
rics depends largely upon lithology as an indication of
substrate consistency. Ichnofabrics may indicate that
at least parts of the deposits were formed in a high-
energy environment, perhaps marine lower to upper
shoreface setting.

Conichnus conosinus isp. n. conststs of sub-conical
depressions having two main coniponents: an upper,
broad, dish-shaped depression and a steeply inclined
cone in the central part of the trace. The dish-shaped
upper depression tends to be prolonged as an oval in
one direction, making the trace bilaterally symmetri-
cal. The trace fossil resembles the ichnogenus Pisci-
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chnus, but is classified as Conichnus because of its
generally conical appearance as opposed to the dish-
shape of Piscichnus Feibel 1987. Ethologically, Coni-
chnus conosinus isp. n. probably represents a fodini-
chnion.

Dansk sammendrag

En blotning af Robbedale Formationen fra Nedre Kridt
ved Rgnne Golfbane, Bornholm, har tilladt et mere
detaljeret ichnologisk studie end hidtidigt. Ud fra
sedimentologiske evidenser tolkes aflejringsmiljget til
at have varet et aggraderende til prograderende bglge-
domineret kystmiljg med barrer (hovedsageligt nedre
til gvre strandplan).

Fglgende sporfossiler er fundet: Conichnus cono-
sinus isp. n., Cylindrichnus isp.,Ophiomorpha nodosa,
Skolithos linearis, Teichichnus rectus og Thalas-
sinoides suevicus formerne 1 og 2. Disse syv sporfos-
siler indgér i ni “ichnofabrics”. Disse “ichnofabrics”
synes at indikere en marin oprindelse. De er tzt relateret
til sedimentzre facies. Skelnen mellem “ichnofabrics”
er hovedsageligt baseret pa karakterer som arter af
sporfossiler, skeringsrelationer (tidssekvens), orien-
tering af sporfossilers segmenter og forekomst og
tykkelse af vaegbekledning. Ved at anvende “ichno-
fabrics” opndes, at flere data inkorporeres i dataind-
samling og tolkning, og at en hgjere oplgsning fas, end
hvis “ichnofacies” var anvendt. Fordelingen af “ichno-
fabrics” synes primert at afhznge af lithologi og
substratets konsistens.

Associeret med Ophiomorpha nodosa ved en hori- -
sont findes et hyppigt forekommende sporfossil, som
har en vis lighed med “rokkehuller”. Den tilgengelige
nomenklatur for sddanne strukturer diskuteres. Spor-
fossilet navngives Conichnus conosinus isp. n. Etholo-
gisk kan det tolkes som dannet ved =deadferd, der
involverede en udnyttelse af organisk materiale inkor-
poreret i veegbekladningen hos Ophiomorpha nodosa.
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