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ARTICLE

A FOSSIL SEA TURTLE (REPTILIA, PAN-CHELONIIDAE) WITH PRESERVED SOFT TISSUES
FROM THE EOCENE FUR FORMATION OF DENMARK

RANDOLPH GLENN DE LA GARZA,*,1 HENRIK MADSEN,2 MATS E. ERIKSSON,1 and JOHAN LINDGREN1
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johan.lindgren@geol.lu.se;

2Museum Mors, Mo-clay Museum, Nykøbing Mors, Denmark, henrik.madsen@museummors.dk

ABSTRACT—A new hard-shelled sea turtle (Pan-Cheloniidae) with vestigial soft tissues from the lower Eocene (Ypresian)
Fur Formation of Denmark is described and illustrated. The fossil (DK 807) comprises a partial, yet fully articulated carapace
(estimated original length ∼50 cm) where the individual bones mostly are preserved in three dimensions, together with an
intact sacrum, a consecutive series of articulated caudal vertebrae, a complete pelvic girdle, and both hind limbs. Primitive
characters in the pelvis and limbs, along with free ribs that contact the posterior peripherals suggest affinity with the
extinct pan-cheloniid Eochelone; however, because of the incomplete nature of the fossil, DK 807 is kept in open
nomenclature. Associated with the skeletal elements are soft-tissue residues that include remnant epidermal scutes and a
nearly complete outline of a rear paddle. The flipper-shaped halo likely represents traces of skin preserved as a dark
bedding-parallel film. Its wrinkled and striated surface texture attests to an originally scaleless configuration comparable
to the soft integument of living adult dermochelyid (leatherback) turtles, and unlike that of extant cheloniids. Scratches,
scars and indentations on the bony carapace likely represent incompletely healed bite marks inflicted by a crocodylian or
another large-sized seagoing tetrapod.
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INTRODUCTION

Turtles (Testudines) are a diverse group of reptiles that inhabit
a wide range of terrestrial, freshwater and marine environments.
Today’s sea turtles in particular have an almost cosmopolitan dis-
tribution, and form a monophyletic group that includes two
families: the hard-shelled Cheloniidae and leather-shelled Der-
mochelyidae (Joyce et al., 2021). Both these clades originated
in the Early Cretaceous (Cadena and Parham, 2015; Evers and
Benson, 2019; Gentry et al., 2019), and have left behind a rich
fossil record that provides evidence for multiple adaptive radi-
ations during the Cenozoic (Zangerl, 1980; Weems and Brown,
2017). However, despite this vast geological archive, there are
hitherto only few published reports of skin preservation in testu-
dines (e.g., Fielding et al., 2005; Tong et al., 2006; Li et al., 2014;
Lindgren et al., 2014, 2017).
A partial but semi-articulated sea turtle was recently

unearthed from a carbonate concretion belonging to the
Eocene Fur Formation on the Island of Mors, northern Jutland,
Denmark. Combined acid and mechanical preparations revealed
preserved soft-tissue remains, a discovery justifying the fossil

being declared a Danekræ in 2013 (i.e., a Danish national trea-
sure; Rasmussen et al., 2016). This specimen—which hereafter
is referred to by its accession number, DK 807—is the latest in
a series of fossil turtles that have been recovered from the
marine diatomaceous strata of the Fur Formation. Taxa recog-
nized thus far have all been assigned to Cheloniidae and Dermo-
chelyidae (Nielsen, 1959; Karl and Madsen, 2012), although a
nearly complete freshwater turtle also has been collected from
these same deposits (RGD, pers. obs.).
The Fur Formation is generally interpreted as representing an

offshore oceanic accumulation (Bonde, 1979; Pedersen and
Surlyk, 1983; Rasmussen et al., 2016); however, the fine-
grained detrital sediments contain a fossil biota that derives
from both terrestrial and coastal marine environments (Bonde
et al., 2008; Rasmussen et al., 2016) to suggest a more complex
depositional setting. Furthermore, favorable burial conditions
and a mild geothermal history have facilitated not only the pres-
ervation of faunal components that otherwise are rare in the
fossil record, such as snakes (Kristensen et al., 2012), insects
(Henriksen, 1922; Larsson, 1975; Lindgren et al., 2019) and
birds (Lindow and Dyke, 2006, 2007; Bonde et al., 2008; Water-
house et al., 2008; Dyke and Lindow, 2009, Bourdon et al.,
2016), but also allowed the retention of a broad array of soft-
tissue structures (e.g., Bonde et al., 2008; Rasmussen et al.,
2016). Some of these extraordinary fossils even contain traces
of endogenous biomolecules, including eumelanin pigment
(Lindgren et al., 2012, 2017, 2019; Gren et al., 2017), heme (a
hemoglobin-derived porphyrin) and proteinaceous compounds
of presumed keratinous origin (Lindgren et al., 2017).
The aim of the present contribution is to formally describe DK

807. In addition, we discuss taxonomic and taphonomic aspects
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of this unique fossil, as well as a potential predator-prey inter-
action in the archaic North Sea Basin.

GEOLOGICAL SETTING

The Fur Formation is an approximately 60-meter-thick,
tephra-bearing diatomite located in the Limfjord region of north-
ern Jutland, Denmark (Pedersen and Surlyk, 1983). The marine
deposits are exposed in coastal cliff sections, together with a few
inland quarries on the islands of Mors and Fur (Fig. 1A). Strata
of the Fur Formation are locally known as ‘Mo-clay’, and mined
for a variety of reasons, including themanufacturing of absorbent
materials (Rasmussen et al., 2016).

The Fur Formation is of Ypresian (earliest Eocene) age (i.e.,
between 56.0–54.6 Ma) based on 39Ar/40Ar dating of interbedded
volcanic ash layers (Stokke et al., 2020 and references therein).
Stratigraphically, the rock unit overlays the Ølst Formation,
and is in turn disconformably succeeded by the Røsnæs
Formation (Pedersen and Surlyk, 1983). The Fur Formation is
sub-divided into the lower Knudeklint Member and upper
Silstrup Member (Pedersen and Surlyk, 1983). Sedimentologi-
cally, the depositional succession has been characterized as a
clayey marine diatomite with nearly 200 interbedded basaltic vol-
canic ash layers (Pedersen and Surlyk, 1983; Rasmussen et al.,
2016). The deposits consist mostly (∼45–65%) of diatom frus-
tules (Mitlehner, 1996), with input of clay minerals (∼30–45%)
and volcanic ash (∼10%) (Pedersen et al., 2004). Carbonate con-
cretions are common in some stratigraphic intervals (Dyke and
Lindow, 2009), including in ash layer +31 in which DK 807 was
found (Fig. 1B).

Combined sedimentological and fossil evidence suggests that
the Limfjord region once was part of a restricted marine basin
with water depths ranging from about 100 to 500 m (Rasmussen
et al., 2016). Local upwelling and periodic volcanic eruptions
from the nearby North Atlantic Igneous Province promoted a
continuous flow of detrital minerals, dust and diatom frustules
some distance out at sea, and these fine-grained detrital particles
accumulated below the storm wave-base under mostly poorly
oxygenated bottom conditions (Pedersen and Surlyk, 1983).

MATERIALS AND METHODS

DK 807 was collected in 2013 from the Ejerslev mine on the
Island of Mors (Fig. 1A) and is currently exhibited at Museum
Mors, Mo-clay Museum, in Denmark. Initially, the fossil was pre-
pared out of the host rock using a combination of mechanical
tools and citric acid; adhering soft tissues were subsequently
exposed with an air scribe. Following these procedures, DK 807
was digitally reproduced (Supplementary 3D Model 1) employ-
ing a portable 3D scanner (Artec 3D Space Spider), with data
processing utilizing the Artec Studio 14 imaging software
package. Additional virtual manipulations were performed in
MeshLab. The fossil and comparative materials were photo-
graphed using a Nikon D3500 camera with a standard 18–
55 mm lens kit equipped with an UV polarizing filter. Close-up
images were taken using a +10 macro filter. While the systematics

FIGURE 1. A, map of the Limfjord region of northern Jutland,
Denmark, showing the geographic extension of Fur Formation
strata (depicted in dark gray) and the approximate location of
the Ejerslev Quarry in which DK 807 was found. Modified
from Pederson and Buchardt (1996:fig. 1). B, stratigraphic
column of the upper Ølst Formation and Fur Formation with
the approximate horizon yielding DK 807 indicated by a sea
turtle silhouette. Modified from Rasmussen et al. (2016:fig. 5).

De La Garza et al.—Pan-Cheloniidae with soft tissues from Denmark (e1938590-2)

Downloaded From: https://complete.bioone.org/journals/Journal-of-Vertebrate-Paleontology on 29 Mar 2025
Terms of Use: https://complete.bioone.org/terms-of-use



follows those of Joyce (2007) and Joyce et al. (2021), the osteolo-
gical terminology has primarily been adopted from Zangerl
(1969) and Wyneken (2001), with specific information on
flipper elements obtained from Sánchez-Villagra et al. (2007).
Institutional Abbreviations: DK, Danekræ, Danish national

treasure registration, (formally maintained by NHMD),
Denmark; FUM, Museum Salling, Fur Museum, Fur,
Denmark; IRSNB, Institut Royal des Sciences Naturelles de Bel-
gique, Brussels, Belgium; MHM, Museum Mors, Mo-clay
Museum, Nykøbing Mors, Denmark; NHMD, Natural History
Museum of Denmark, Copenhagen, Denmark

SYSTEMATIC PALEONTOLOGY

TESTUDINES Linnaeus, 1758
CRYPTODIRA Cope, 1868

CHELONIOIDEA Baur, 1893
PAN-CHELONIIDAE Joyce et al., 2004

PAN-CHELONIIDAE INDET.

DESCRIPTION

General Description

DK 807 comprises the following skeletal elements: (1) right
posterior portion of the carapace; (2) right xiphiplastron; (3)
pelvic girdle; (4) both hind limbs; (5) sacrum; and (6) a consecu-
tive series consisting of 17 articulated and two isolated caudal
vertebrae (Figs. 2–6). Associated with these remains is dark-
colored matter representing remnant scutes, as well as skin
webbing in between the phalanges and surrounding the left
tibia and fibula (Figs. 4, 5). In addition to DK 807, a small
number of other fossils are preserved in the concretion housing
the turtle (Fig. 2). The most noteworthy of these include three
insects and dark-colored matter of unknown origin (Fig. 2).
Notwithstanding minor flattening of the carapace and girdle

elements from diagenetic compaction, the individual bones of
DK 807 generally are in a pristine condition, although some
have experienced minor displacement prior to final burial.

Shell

The shell is represented by an articulated, dorsally exposed
segment comprising the right posterior side of the bony carapace
(Figs. 2–4), together with the right xiphiplastron (Fig. 5A–C). In
addition, parts of the left side of the carapace are located under-
neath the pelvic girdle (Fig. 5A, B). The main portion of the car-
apace measures approximately 30 cm in diameter, with an
estimated original length of about 50 cm along its longitudinal
mid-line. When intact, the shell likely was cordiform or oval in
shape with a tapering caudal end, similar to that of extant chelo-
niids. There is no evidence of a central keel, the external surface
of the bones lacks distinct ornamentations.
The individual elements of the carapace largely remain articu-

lated. The right side of the main section preserves costals 6 to 8,
peripherals 8 to 11, neural 9, suprapygals 1 and 2, and one pygal,
whereas the less intact left side comprises costal 8 and periph-
erals 10 to 11 (Fig. 3). In addition, three thoracic ribs are
present on the right side of the carapace and one on the left
side. These ribs connect costals 6, 7 and 8 with peripherals 8, 9
and 11, respectively; the single rib on the left side joins a frag-
mentary costal 8 with peripheral 11. All ribs are straight, unlike
the condition in most other pan-cheloniids where at least the
last rib usually is slightly curved. Fontanelles are prominent,
and either sub-triangular (posteriormost one) or sub-rectangular
in outline; openings of the latter category are longer than wide.
Parts of the caudal termination of the carapace are obscured
by a remnant scute (Figs. 2–4A); however, from a virtual 3D

reconstruction (Fig. 4B, Supplementary 3D Model 1), it is poss-
ible to determine the outline of several underlying bones, includ-
ing a pygal, suprapygal 2 and left peripheral 11.
The costals are incomplete; however, all three elements have

concave lateral margins and additionally do not contact the per-
ipherals (Fig. 3). Costal 6 is about 5.5 cm at its widest point, but is
broken both medially and anteriorly, rendering it difficult to
assess its original shape. Costal 7 has a sub-rectangular form,
and, as preserved, measures 7.2 cm in length. Costal 8 (8.2 ×
4.6 cm) also has a sub-rectangular outline and contacts both
suprapygal 1 and neural 9. Ribs emerge underneath the postero-
lateral corners of these elements. Sulci are present and appear to
converge medially (Fig. 3). The single costal element on the left
side of the carapace is represented only by a fragment.
A single neural, presumably the 9th, is located immediately adja-

cent to costal 8. Preserved sutures indicate a broadly circular shape.
Whereas peripherals 8 to 10 are relatively long and narrow,

peripheral 11 is comparably stout. Peripheral 8 (3.6 × 2.2 cm)
is incomplete but presumably originally had a rectangular
shape. Peripheral 9 is the longest element of the shell margin
(6.8 × 2.9 cm); it has a sub-rectangular outline but with a weak
concavity at its center housing a shallow sulcus. The succeeding
peripheral 10 is similar in shape, but somewhat shorter (6.1 ×
2.5 cm), and with only a very superficial sulcus. The last periph-
eral (11) is relatively shorter and wider (5.4 × 3.8 cm) than the
proceeding elements, and has a broadly rhomboidal shape. Of
the two peripherals on the left side of the shell, one (peripheral
10) is incomplete and the other one (peripheral 11) obscured
by a displaced scute. An unidentified element (labeled ‘?’ in
Fig. 3) shaped as a flat-topped bulge, occurs adjacent to the
suture between peripherals 10 and 11.
Collectively, the suprapygals form a posteriorly tapering struc-

ture (Fig. 3). Suprapygal 2 articulates with the pygal, although
this junction partially is obscured by the dislocated scute.
The outline of the pygal can only be determined from the

virtual 3D-reconstruction (Fig. 4B); the element appears to be
roughly box-shaped with an evenly rounded and un-notched pos-
terior edge.
Additional carapace material occurs underneath the right

portion of the pelvic girdle (Fig. 5A, B). These skeletal remains
appear to represent the ventral side of at least two costals (6?
and 7?) preserved in partial articulation.
A single (right) xiphiplastron is present in DK 807. Following

deposition of the cadaver, this bone was shifted from its original
anatomical position and came to rest on top of the ischium,
thereby obscuring most of the ischiatic symphysis (Fig. 5A–C).
The xiphiplastron is longer than wide, tapers posteriorly, and
ends in three finger-like extensions (Fig. 5C, denoted by white
arrowheads).

Pelvic Girdle

The pelvic girdle is nearly complete and most of the individual
bones remain in articulation (Figs. 2, 5). However, with respect to
the carapace, the girdle has rotated 180°, and thus is accessible in
ventral view. The overall width of the pelvis is 12.2 cm and it is
15.6 cm long. All girdle elements are preserved; these include
both pubes that are retained in life-position, a pair of ilia, and
ischia that are partly obscured by the right femur and xiphiplas-
tron (Fig. 5A, B).
The right ilium (5.6 × 1.0 cm) is narrow and substantially longer

than wide, with a moderately medially curved shaft. The left ilium
appears to have been separated from the pelvis following compres-
sional flattening, and shifted proximally to a position underneath
the right flipper, thus appearing as a narrow shaft of bone that
lies perpendicular to the metatarsus of phalanx IV (Fig. 5A, B).
The pubes are wide, broad and thin, and measure about

12.2 cm in width and 4.5 cm in length. In transverse view,
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FIGURE 2. DK-807, Pan-Cheloniidae indet. A, photographic and B, diagrammatic representation of the fossil when viewed from above. Abbrevi-
ations: carp, carapace; ca. ver, caudal vertebrae; dig, digit; fem, femur; fib, fibula; ili, ilium; lpp, lateral pubic process; mt, metatarsal; pub, pubis;
sac, sacrum; tib, tibia; xip, xiphiplastron.
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these elements are moderately curved ventrolaterally. The
medial contact of these bones is mostly obscured by the right
limb, thereby preventing access to both the symphyses and fenes-
trae. Whereas the right lateral pubic process is missing, the left
one is partially preserved (Fig. 5A, B). This protrusion is
rounded and longer than wide.
The ischia are mostly obscured by the xiphiplastron, although

a portion of the left ischium is visible near the acetabulum articu-
lation. Metischial processes straddle the lateral sides of the xiphi-
plastron, and a faint outline of the ischial elements can be seen
forming a symphysis (Fig. 5A–C). The metischial processes are
robust, elongate and project ventrally from the ischia to form
horn-like structures (Fig. 5C, marked by white stars).

Hind Limbs

Both hind limbs are present (Figs. 2, 5). Whereas the right
paddle is accessible in dorsal view and rests on top of the
pelvic girdle, the left one is seen in ventral view posterior to

the pelvis. While the right limb is relatively intact, the left one
is missing at least one tarsal bone, parts of digits III and IV, as
well as digit V. The limb elements are preserved in articulation,
with the right femur being partially retained within the acetabu-
lum, and the fibula/tibia emplacement occurring almost in life
position. However, some of the other elements, including the
pedes, have undergone mild compressional flattening. The
elongate pes of the right paddle (i.e., metatarsus and phalanges)
have detached from the tibia/fibula complex and shifted laterally.
The left limb has slid downwards out of its acetabulum, although
the individual bones remain mostly in articulation.
Whereas the right femur is accessible in oblique posterior view,

the left one is preserved in anterior aspect (Fig. 5A, B). Both
elements are approximately 9 cm long, and equipped with
slender, sigmoidal shafts that have a slight laterodistal torque
(Fig. 5A, B). The femoral head is oriented almost perpendicular
to the shaft and is anteroposteriorly compressed. In the right
femur, the major trochanter has been crushed, thereby exposing
the inner cancellous bone (Fig. 5A). Moreover, the minor tro-
chanter is hidden within the acetabulum. In the right femur,
the tibial condyle is incomplete and the fibular condyle gone
(Fig. 5A). In the left femur, the minor trochanter is incomplete.
A shallow V-shaped notch extends ventrally from this protrusion
(see Supplementary 3D model); however, the majority of this
structure (along with the major trochanter) is obscured by the
metatarsals of the right paddle. While the tibial condyle is pre-
served as a posteriorly projecting ridge, the fibular condyle
remains embedded in the sedimentary matrix (Fig. 5A).
The taphonomically compressed epipodials are only slightly

shorter than the propodials (about 78% of femoral length).
The tibiae are long and narrow with an expanded proximal
end. Whereas the anterior margin of the shaft is only gently
bent, the posterior one shows a steeper inclination. The proximal
surface is wide and robust with a broad, teardrop-shaped pit
located at its center (Fig. 5D). The bone tapers distally and
ends in a relatively flat articular surface. The fibulae are colum-
nar elements in which the epiphyses are only slightly expanded
and the articular surfaces gently rounded (note, though, that
the anterior portion of the distal end of the right fibula has
broken off).
The tarsi and metatarsi are dorsoventrally flattened (Fig. 5A,

B). The astragalus and calcaneum have fused into a single irregu-
lar ossification (astragalocalcaneum). Whereas the first distal
tarsus (d1) is gently curved with a discoid outline (Fig. 5B), the
second (d2) and third distal tarsi (d3) are small, compact and
almost spherical. The fourth distal tarsus (d4) is dorsoventrally
flattened and equipped with multiple facets. Metatarsus I is
broad and rectangular, and metatarsi II–IV are columnar with
concave proximal and rather flattened distal ends. The proximal
face of metatarsal 5 is also flat; from here, the shaft narrows
somewhat and then widens into a fan-like structure (Fig. 5B).
The phalangeal formula is 2-3-3-3-3 (digits I–V) (Fig. 5B). Both

phalanges of digit I and the first two of digit II are short and
columnar, with expanded proximal and distal ends (Fig. 5B).
The distal termination of the first phalanx of digit II is shaped as
a shallow concavity (Fig. 5B). The proximal ends of the first
phalanx of digits I and II also are developed into shallow
depressions (Fig. 5A, B and E), indicating movable articulations.
In digits III and IV, the second phalanx is the longest. In digit V,
the first phalanx is considerably larger than the second one (Fig.
5B). Relative to the condition in extant sea turtles, the ungual
phalanx is robust in digits I–IV; however, this element is much
reduced in digit V (Fig. 5A, B and E).

Sacrum

The sacrum is intact but detached from the rest of the specimen
(Figs. 2, 6A). This skeletal unit is broader than long (about 7.0 ×

FIGURE 3. DK 807, Pan-Cheloniidae indet., carapace. A, photographic
and B, diagrammatic representation of the external surface (hypothetical
skeletal element boundaries underneath the scute tissue are denoted by
dotted lines). Abbreviations: co, costal; n, neural; per, peripheral; py,
pygal; spy, suprapygal.
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5.6 cm) and accessible in ventral view. The sacrum comprises
three fused vertebrae of sub-equal dimensions (all measuring
about 1.4 × 0.7 cm). The first two pairs of sacral ribs are broadly
expanded distally to form blade-like extensions that protrude lat-
erally from the vertebral centra (Fig. 6A). The third sacral rib pair

deviate slightly from the two succeeding ones in that the costae are
bent slightly forward (Fig. 6A). They are also smaller and fused to
the second pair of ribs only on the right side. These rib mergings
border three oval foramina in addition to an incomplete opening
in the left side of the complex (Fig. 6A).

FIGURE 4. Details of the carapace of DK 807, Pan-Cheloniidae indet. A, photograph of a carbonaceous scute. B, 3D rendering of the posterior
portion of the carapace. The digitally reconstructed carapace is tilted to enhance features otherwise obscured by the scute. C, potential organic
traces on the anterior external surface of the carapace (arrowhead). D, inferred bite traces (arrowheads) on the left side of the bony carapace. E,
putative bite marks (arrowheads) on the posterior surface of the bony carapace.
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Vertebral Column

In addition to the sacrum, the backbone is represented by two
isolated vertebrae (Figs. 2, 6B) and a consecutive section com-
prising 17 articulated caudals that are visible in dorsal aspect
(Fig. 6B). In similarity with other pan-cheloniids, all vertebrae
are procoelous. Pre- and post-zygapophyses are well-developed
and remain mostly in articulation (Fig. 6B). Transverse processes
are prominent and slightly bent posteriorly, but decrease in size
toward the tip of the caudal segment (Fig. 6B). The last two
caudals are fused into a single ossification.

Soft Tissues

Remnant soft tissues are extensive in DK 807, and preserved
as thin, bedding-parallel films of dark matter. A sub-hexagonal
scute, measuring about 10.9 × 8.3 cm, covers part of the posterior
segment of the bony carapace (Figs. 3 and 4A, B). This epidermal

appendage is grossly similar in both shape and size to vertebral
scutes of living cheloniids, to suggest minor displacement
during burial. A second, more incomplete scute is represented
by a narrow strip of brownish material that covers parts of
costals 6 and 7 (Fig. 4C). Based on its location (and assuming
no post-depositional dislocation), the dark-colored residue
likely represents the fragmented remains of a pleural scute.
Additional, dark-colored traces extend from the inferred ver-
tebral scute to an area in the level with suprapygal 1 and costal 8.
Soft-tissues of the hind limbs mainly occur as a dark halo

around the pes of the right paddle, with some additional residues
surrounding the left flipper bones (Figs. 2, 5). The remains on the
right limb are confined to spaces in between the metatarsals and
phalanges, creating a webbed structure surrounding digits II–V.
The preserved material is sheet-like, and distinct from the under-
lying diatomaceous sedimentary matrix. The film is mostly
brownish in color, with patches of glossy black material located
at the proximal end of the flipper (between digits III and IV),

FIGURE 5. DK 807, Pan-Cheloniidae indet., pelvic girdle and hind limbs. A, photographic and B, diagrammatic representation of the ventral and
lateral surfaces of the pelvis and limbs. Skeletal elements shaded in dark gray indicate association with the left limb, whereas light gray denote
right limb elements. C, xiphiplastron straddling the ischium; note pronounced metischial processes (denoted by white stars). White arrowheads indi-
cate projections from the caudal end of the xiphiplastron. Potential tissue remains between the xiphiplatron and metatarsal 5 are marked by black
arrowheads. D, dark-colored tissue traces in the space between the tibia (right side of the image) and the fibula (left side of the image) indicated
by black arrowheads. Note large tibial pit (white star). E, overview of flipper webbing. F, close-up of flipper trace between phalanges III and IV, illus-
trating the dark-colored striations that are present in between the skeletal elements. Black arrowhead denotes folded tissue.Abbreviations: ace, acet-
abulum; acm, astragalocalcaneum; carp, carapace; d, distal tarsal; fem, femur; fib, fibula; ili, ilium; lpp, lateral pubic process; m, metatarsal; met,
metischial process; pub, pubis; tib, tibia; tib pit, tibial pit; xip, xiphiplastron. Phalanges and their associated metatarsals are labeled by roman numerals.
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as well as in the distal portion of the fin between digits IV and
V. Dark striae are visible in the film, with the most prominent
ones occurring in an area between digits III and IV (Fig. 5E,
F). These striations are virtually straight and mostly run parallel
to the digits, although some of them bifurcate (Fig. 5E, F). They
appear to be comprised of folded sheets of the dark-colored
matter that have undergone secondary compression to create
two-dimensional ‘silhouettes’ of wrinkles. Some of the preserved
soft-tissue matter even appears to have folded onto itself, reveal-
ing a small section of the flipper surface that originally faced
downwards (Fig. 5F). Notably, there is no evidence of scales in
this soft-tissue residue. Overall, the outline of the dark film
closely resembles the shape of rear paddles of modern sea turtles.

Additional soft-tissue structures comprise: (1) a patchy, glossy
light-brown film on the bedding plane surface between phalange
I and II of the left limb; (2) patches of a dark film between the
tibia and fibula of the left limb (Fig. 5D—black arrowheads);
(3) amorphous brownish matter surrounding the anterior
portion of the tibia (Fig. 5D); and (4) dark material in spaces
between the posterior part of the xiphiplastron and metatarsal
V of the left paddle (Fig. 5C).

Puncture Marks and Scratches

Anomalous structures in the form of punctures, furrows and
indentations are present on the bony carapace. Of these, two dis-
tinct marks occur on the lateral side of the shell (Fig. 4D), with
two additional ones in the shell margin (Fig. 4E) and a fifth on
top of the last fontanelle (Fig. 4D). The anterior lateral notch
(measuring 2.3 cm at its widest part) comprises a large triangular

gap at the posterior end of peripheral 10, and extends well into
peripheral 11. Another puncture mark is located 1.5 cm
behind the first one, and it is somewhat smaller (0.5 cm at its
widest part), more restricted and with an almost keyhole-like
profile in dorsal aspect. In both marginal notches, deep circular
depressions (∼4 mm in diameter) can be found inside the
medial edges (Fig. 4D, indicated by arrowheads on the right).
The fontanelle indentation (measuring 0.7 cm in maximum
width) is shallow and triangular in outline (Fig. 4D, left arrow-
head). Additional damage is apparent elsewhere in this speci-
men, including a 6 mm long ovoid laceration (Fig. 4E, bottom
arrowhead) and deep linear furrows on peripheral 8 (Fig. 4E,
top arrowhead).

Comparisons and Remarks

Based on the flattened tarsals, elongate phalanges, paddle-
shaped limbs, and pointed caudal termination of the carapace
(see Evers and Benson, 2019), DK 807 can be confidently
assigned to Chelonioidea. Moreover, affiliation with Protostegi-
dae can be excluded because this family went extinct at the
end of the Cretaceous (Lehman and Tomlinson, 2004; Evers
et al., 2019). Likewise, attribution to Dermochelyidae is highly
unlikely because: (1) dermal ossicles are lacking; (2) the costals
are plate-like; and (3) epidermal scutes cover the bony carapace
(Wood et al., 1996; Albright et al., 2003). Consequently, we con-
sider DK 807 to be a pan-cheloniid based on the flattened tarsals,
elongate phalanges, paddle-shaped limbs and pointed caudal ter-
mination of the carapace.

Previously described hard-shelled sea turtles from the Fur For-
mation include two articulated skeletons (MHM K1 and MHM
K2) assigned to Tasbacka Nessov, 1987 by Karl and Madsen
(2012), and a reasonably complete carapace of a juvenile
Puppigerus Cope, 1870 (FUM N 15877; Karl and Madsen,
2012). Unfortunately, comparisons with these other Danish
specimens are hampered either by ontogenetic differences
(MHM-K2 and FUM-N 15877 both represent skeletally imma-
ture individuals) or a lack of overlapping skeletal elements.

On a broader geographic scale, a number of marine turtle
species roamed the world’s oceans and epicontinental waterways
during the Eocene (e.g., Lapparent de Broin, 2001; Tong and Hir-
ayama, 2008; Tong et al., 2012; Grant-Mackie et al., 2011; Weems
and Brown, 2017). Of these, DK 807 shares affinity with either
Eochelone, Puppigerus, or Argillochelys based on the following
combination of character states: (1) a pronounced metischial
process on the ischia; (2) a conspicuous tibial pit; (3) presence
of femoral trochanters that appear to be separated by a notch;
and (4) a free peripheral between the 7th and 8th rib (Moody,
1968; Parham and Pyeson, 2010; Lapparent de Broin et al.,
2018; Evers et al., 2019). These turtle genera had an almost cos-
mopolitan distribution during the Eocene (Grant-Mackie et al.,
2011), although the majority of described forms lived in what is
now Europe, North Africa and North America (Lapparent de
Broin, 2001; Tong and Hirayama, 2008; Tong et al., 2012;
Weems, 2014; Zvonok et al., 2019). Whereas fossils of Puppigerus
and Argillochelys have been documented in deposits of Ypresian
age (Moody, 1997), Eochelone thus far has not been reported
from strata older than the Lutetian (Moody, 1997; Zvonok
et al., 2019).

Although Puppigerus has been previously described from the
Fur Formation (Karl and Madsen, 2012), the xiphiplastra of this
genus are wide and hence unlike the narrow elements seen in
DK 807 (Zvonok et al., 2019). In addition, Puppigerus have car-
apace fontanelles that seemingly closed early during ontogeny
(Fig. 7B, D), a condition that contrasts markedly with the con-
spicuous shell openings seen in the relatively large-sized DK
807. Although distinct fontanelles are considered a feature of
immaturity in some turtles (Wyneken, 2001; Karl and Madsen,

FIGURE 6. DK 807, Pan-Cheloniidae indet., detached elements. A,
sacrum and an isolated caudal vertebra. B, articulated string of caudal
vertebra.
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2012; Zvonok et al., 2019), the thickness of the costal bones,
fused pygal and pelvic elements, as well as estimated total
length of the carapace (∼50 cm), all suggest that DK 807 was
at least sub-adult when it died (see Wyneken, 2001). Moreover,
skeletally mature Puppigerus have carapace lengths that typi-
cally range between 38 and 40 cm (e.g., specimens IRSNB R
0004, 0078 and 0081; Figure 7), which is considerably smaller
than DK 807.
Without access to cranial material, it is not possible to dis-

tinguish DK 807 from the other two genera; i.e., Eochelone and
Argillochelys, as these share similar postcranial characters
(Parham and Pyeson, 2010; Weems and Brown, 2017; Lapparent
de Broin et al., 2018). Accordingly, DK 807 is here retained in
open nomenclature pending the discovery of more complete
skeletal material from the Fur Formation. However, we do
note that the estimated original carapace length of DK 807 is
greater than that of all previously described presumed adult
Argillochelys (see Lapparent de Broin et al., 2018), but within
the size range (50–73 cm) of specimens attributable to
Eochelone (e.g., IRSNB R 0001, 0061, 0339 and 0340;
Figure 7). Also, notwithstanding some deformation from burial
compaction, the preserved caudal termination of the carapace
in DK 807 appears to be more pointed than seen in previously
described species of Eochelone, including E. brabantica Dollo,
1903 (Fig. 7A, C) and E. voltregana Lapparent de Broin, Mure-
laga, Pérex-García, Farrés, and Altimiras, 2018 (see Lapparent
de Broin et al., 2018:figs. 3, 7).

DISCUSSION

Taphonomy and Soft-Tissue Preservation

The burial conditions contributing to the exceptional preser-
vation of Fur Formation fossils have been addressed in a
number of publications (Dyke and Lindow, 2009; Lindgren
et al., 2012, 2014, 2015, 2017, 2019; McNamara et al., 2013). Gen-
erally, fossils come in one of two ways: either as flattened remains
in the diatomite or as three-dimensional bodies in the inter-
bedded carbonate concretions (Dyke and Lindow, 2009).
Regarding the nodules, Pedersen and Buchardt (1996) demon-
strated that these are biogenic in origin, with stable carbon
ratios consistent with syn-depositional carbonate precipitation
mediated by marine bacteria. Elsewhere (Berner, 1968), it has
further been shown that bacterially induced decay can generate
reactions that promote the deposition of calcium salts; these
might then be replaced by calcite over relatively short time spans.
We propose that when the body of DK 807 settled on the sea-

floor, the carcass became partially dismembered as the result of
scavenging, rupture of the body wall from the escape of decom-
positional gases and/or actions of weak benthic currents (as has
previously been documented in the Fur Formation; see Pedersen
and Surlyk, 1983). Partial burial of the carcass in the bottommud
exposed the shell and hind limbs to clay minerals, which could
have facilitated fixation of the organics in the integument
(Drouin et al., 2010; Forchielli et al., 2014; Wilson and Butter-
field, 2014). The decaying carcass then served as nucleation

FIGURE 7. Comparison of carapace material from Eocene stem-cheloniids housed in the collections at IRSNB. A, Eochelone brabantica (IRSNB R
0061); B, Puppigerus camperi (IRSNB R 0004); C, Eochelone brabantica (IRSNB R 0339); D, Puppigerus camperi (IRSNB R 0078).
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sites for sulfate-reducing anaerobic bacteria which produced the
carbonate concretion, thereby eventually encasing the remains
(Pederson and Buchardt, 1996). The rapid formation of the con-
cretion, along with stagnant, poorly oxygenated bottom waters,
protected the cadaver from further decay by inhibiting decompo-
sition and preventing scavenging. Moreover, the concretion shel-
tered the fossil from compressional effects of overburden
pressure during diagenesis. Finally, the low temperature and
pressure regimes experienced by the sediments of the Fur For-
mation resulted in a mild diagenesis (McNamara et al., 2013)
that enhanced long-term conservation of stabilized components
of the soft tissues.

Among the more noticeable aspects of the soft tissues in DK
807 is the absence of apparent scales in the flippers combined
with the presence of prominent scutes on the carapace. This is
in stark contrast to the condition in modern cheloniids, which
have heavily keratinized scales covering most parts of their
bodies (Rodríguez et al., 2018). It is difficult to determine
whether similar scaly patterns originally were present in DK
807, although the striations in the flipper trace suggest that the
tissues were soft and pliable at least at the time of fossilization.
Scaleless skin occurs in some extant turtles, including soft-
shelled members of the family Trionychidae, adult individuals
of the leatherback turtle, Dermochelys coriacea, and the pig-
nosed turtle, Carettochelys insculpta (Rodríguez et al., 2018).
The limb integument of these turtles superficially resembles the
fossilized ‘skin’ in DK 807, especially the webbed paddles of
pig-nosed turtles (Delfino et al., 2009: fig. 1).

An alternative explanation to the apparent absence of scales in
DK 807 could be that it represents a taphonomic artifact. The
black, glossy film seen as patches in the flipper residue (Fig.
5E) could be traces of these elusive scales, a scenario in which
they have decayed to a point beyond confident recognition. In
one of these patches, present between digits V and IV, a faint
outline of a scale-like structure may be seen (Fig. 5E).
However, considering the heterogeneous coloration in this area
and lack of other similar structures, this feature may instead be
the result of uneven rock splitting. Also, it cannot be excluded
that this patch does not represent underlying fat or muscle
tissues. Regardless, these alternative scenarios are difficult to
reconcile with the fact that at least one epidermal scute on the
carapace retains structural fidelity (Fig. 4A). Further in-depth
investigations are required to clarify the nature of the soft-
tissue traces in DK 807, and will be the focus of a forthcoming
publication.

Bite Marks

Lacerations and punctures associated with spongy bone tissue
growth in the carapace (Fig. 4D) most likely were caused by a
traumatic injury that the sea turtle survived long enough to par-
tially heal. Punctures within these indentations are consistent
with an incision caused by the bite of a large predator that
latched onto DK 807 and sheared its bone in a posterior direction
as the turtle tried to evade its attacker, or conversely, as this
animal pulled back in an attempt to manipulate its prey.

Narrowing down the identity of the predator that injured DK
807 is difficult. The wounds are inconsistent with those inflicted
by sharks, as such bite marks typically occur as shallow scratches
arranged in a sub-parallel fashion, and occasionally include
traces of serrations (see Schwimmer et al., 1997; Shimada and
Hooks, 2004; Milàn et al., 2011; Myrvold et al., 2018). A crocody-
liform, on the other hand, is a more plausible candidate because
of the distinctive ovoid to semi-circular marks (compare Milàn
et al., 2010; Drumheller and Brochu, 2014). Additionally, these
scars are roughly similar in size and shape, suggesting that they
were inflicted by an animal with a relatively homodont tooth

arrangement, such as a crocodilian (Drumheller and Brochu,
2014).

Chelonivory by crocodylomorphs is commonly inferred for
damage on turtle fossils (e.g., Ericson, 1984; Schwimmer, 2010;
Milàn et al., 2011; Rothschild et al., 2013; Myrvold et al., 2018;
Cadena et al., 2020), with some of these individuals being
reported to have survived the attack with missing sections of
the shell and healed callouses (de Valais et al., 2020). Such beha-
viors also are supported by frequent observations of antagonistic
interactions between these two reptile groups in modern habitats
(Hirth et al., 1993; Sutherland and Sutherland, 2003; Milàn et al.,
2010; Whiting andWhiting, 2011). However, it should be pointed
out that although an interaction between DK 807 and an
unknown crocodyliform is plausible, additional lines of evidence
(e.g., embedded teeth) are needed for a confident identification
of the aggressor. Nevertheless, the inferred predator-prey inter-
action observed in DK 807 adds to the growing record of preda-
tory attacks on fossil sea turtles in what is now Denmark (see,
e.g., Milàn et al., 2011; Myrvold et al., 2018).
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