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Fig. 1. A. Bornholm is situated in the Baltic Sea south of Sweden (KMS G15-0). B. Map of Bornholm with the outcrops of Mesozoic
sediments indicated with grey, based on Jensen & Hamann (1989). Asteriks marks the location of Pyritseen, between Hasle and
Renne. C. Dinosaur footprint locality at Pyritsgen, sited near the villages of Muleby and Sorthat. Asteriks marks the position
where the specimens were collected (UTM koordinates 55.15N 14.70E).

prints were indeed found, but they were not con-
vincingly distinguishable from slump structures or
results of local concretionary diagenesis. In 2004,
however, the senior author found unquestionable
footprints on the beach beside the old clay-pit Bagé
Graven. This pit is now flooded and has been re-
named Pyritsgen (Pyrite Lake; Fig. 1). The pit had
yielded clay from the Middle Jurassic Bagd Forma-
tion for the manufacture of hard-fired floor-tiles,
bricks, pipes etc., by the Hasle Clinker Factory, which
ceased production twenty years ago.

The footprints occurred in the sandstone beds that
were unusable by the quarrymen. These sandstone
beds were broken up and discarded by throwing
them onto the adjacent beach, where they have been
lying for over two decades. On discovery of the foot-
prints, the best specimens were collected by crane
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and transported to the Geological Museum in Co-
penhagen for closer study. Dinosaur footprints had
not been found previously on Bornholm and were
unfamiliar to the local geologists, and remained un-
noticed. The aim of this paper is to describe the newly
found dinosaur footprints from the Bagad Formation,
their preservation and taphonomy and to place them
in context with other finds of dinosaurs from Scania.

Geological setting

The Bagéd Formation (Gravesen et al. 1982) includes
the coal-bearing clays and sands in the Renne-Hasle
Fault Block of southwest Bornholm. These beds had
been traditionally named the Levka, Sorthat and Baga
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Fig. 2. Processes leading to the preservation of dinosaur foot-
prints in the Baga Formation. A. Deposition of laminated clay.
B. Trampling by dinosaurs causing intense disturbance of the
laminated clay layers. C. Deposition of fluvial sand filling and
protecting the biogenic topography of the clay surface. D. Break-
up of the sandstone by quarrymen and dumping on the near-
by beach.

Fig. 3. The small footprint (MGUH 27754) seen in oblique fron-
tal angle, as it was found on the beach. The footprint is pre-
served as a natural sandstone cast. In this view the digit im-
pressions appear as grooves running down the front of the foot-
print. Scale on knife handle in centimetres.

| Fig. 4. A. The small footprint (MGUH 22754) seen from
above. The footprint is almost symmetrical along the length
axis. Knife handle represents 10 cm. B. Interpretative
drawing of the small footprint, with measurements in
centimetres. The footprint is 26 cm long and 19.5 cm wide.
The oval front part of the footprint, showing the five digit
impressions, is 13-15 cm deep, indicated by dark grey. The
proximal part of the footprint, indicated by light grey,
shallows proximally to a depth of 6 cm.
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Fig. 5. Latex mould of the small footprint. This allows the foot-
print to be seen in negative relief, exactly as when it was orig-
inally impressed into the tracking surface. Notice how the five
toes have been dragged down through the sediment and formed
ridges in the track wall at the front of the footprint. Scale bar
10 cm.

beds (Gry 1969). The Baga Formation was revised,
partly on the basis of well-core material, by Michelsen
et al. (2003). In this revision, a series of beds showing
evidence of marine influence was separated as the
Sorthat Formation, thereby leaving the Baga Forma-
tion entirely composed of nonmarine sediments.
Marine trace fossils from the Sorthat Formation were
recently studied by Bromley & Uchman (2003). The
age of the Baga Formation is Middle Jurassic, Bajo-
cian—Bathonian (Gry 1969; Koppelhus & Nielsen 1994).

The type section of the Baga Formation is the Baga
Graven of the Hasle Clinker Factory at Sorthat (Grav-
ersen et al. 1982; Michelsen et al. 2003) (Fig. 1). The
formation includes thick, grey clay units, dark to
black coaly clays containing rootlets, coal beds, and
medium- to fine-grained, cross-bedded or laminat-
ed sand beds. In the upper part, poorly sorted, mud-
dy and pebbly sand beds locally contain boulders of
weathered granite.

According to Gravesen et al. (1982), Koppelhus &
Nielsen (1994), Nielsen (1995) and Michelsen et al.
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(2003), deposition took place in lakes and swamps,
small crevasse channels, lacustrine deltas and fluvi-
atile channels. Today, quarrying has ceased and the
Baga pit and other, smaller clay pits are filled with
water, hindering detailed new studies of the foot-
print-bearing layers (Gravesen 1996).

The footprints

Two large blocks were collected; one containing a
small well-defined footprint and several eroded foot-
print-like structures, and one bearing two large foot-
prints, c¢. 70 cm long. Additionally, two blocks show-
ing footprint-like deformation structures were col-
lected, but the erosion of these blocks was too exten-
sive for the structures to be confirmed as footprints.
The two blocks with well-preserved footprints are
curated by the Geological Museum, Copenhagen
(MGUH 27754 and MGUH 27755) and are on dis-
play at themuseum NaturBornholm, Aakirkeby, Born-
holm.

Pinched between the two large footprints, some
of the original clay in which the footprints were em-
placed has escaped weathering. A palynological
study, conducted by Eva Koppelhus (personal com-
munication 2004), confirmed that the palynological
assemblage identified in the clay between the foot-
prints, belongs to the assemblage known from the
Baga Formation (Koppelhus & Nielsen 1994), and
thus confirming the origin of the blocks.

The small footprint (MGUH 27754). The small foot-
print is preserved as a natural cast on the underside
of a large block of sandstone (Fig. 2). The footprint is
26 cm long and 19.5 cm wide (Fig. 3) and the distal
part with the digit impressions is impressed to a
depth of 15 cm. The distal part shows impressions of
the digits. The proximal part deepens gradually to a
depth of 6 cm at the ‘heel’ of the footprint.

The footprint is pentadactyl, showing short but
well-defined impressions of five digits. It is close to
symmetrical along the medial axis, and thus it is not
possible to determine whether it is a left or a right
footprint (Fig. 4A). The impressions of the three mid-
dle digits are almost of equal length, and the middle
digit, digit I1I, is only 1.0 cm and 0.8 cm longer than
the adjacent digits. The impressions of the two outer
digits are 4.3 and 6.0 cm behind the neighbouring
digit impressions (Fig. 4B). Recent erosion has round-
ed the tips of the digits, preventing exact measure-
ments of their lengths. The footprint is preserved in
positive relief as a natural cast of the dinosaur’s foot.
A cast was made of the surface of the block in order



Fig. 6. A. The sandstone block
containing the two large,
sauropod footprints MGUH
27755). The left footprint is
the better preserved and the
impressions of four short
rounded digits are visible in
the lower part of the footprint.
The handle of the knife is 10
cm.

B. Interpretative drawing of
the block with the two

to obtain a view of the footprint in negative relief, as
it appeared when it was impressed in the tracking
surface. It is apparent by doing this, that the foot had
sunk to a considerable depth, and the short toes
formed vertical ridges and grooves in the mud as
they were pressed into and passed through the soft
substrate (Fig. 5).

The two large footprints (MGUH 27755). Two large and
well-defined footprints are preserved as sandstone
casts on the underside of the block (Fig. 6A). The
better preserved footprint, 69 cm long and 45 cm

wide, is oval to pear-shaped in outline and includes
the impressions of four short blunt digits. The other
less well-preserved footprint measures 68 cm in
length and 48 cm in width (Fig. 6B). The cast of the
better preserved footprint varies in depth from 25 to
29 c¢m, and that of the other footprint varies from 10
to 20 cm. The bottoms of the two footprints are flat
and appear to lie at the same level. The digit impres-
sionsare preserved asridges extending from the track-
ing surface to the bottom of the footprint (Fig. 7).
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