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Henning Blom, Jennifer A. Clack and Per E. Ahlberg. Localities, distribution and strati-
graphical context of the Late Devonian tetrapods of East Greenland. – Meddelelser om
Grønland Geoscience 43. Copenhagen, Danish Polar Center, 2005. 50 pp.

The Devonian tetrapod-yielding localities of East Greenland are described in detail,
giving new information on distribution and stratigraphical context. Three genera of
tetrapods, Ichthyostega, Acanthostega and a third not yet described, are known from dif-
ferent localities on Gauss Halvø and Ymer Ø. On Ymer Ø, tetrapods have been found
loose in talus on the north and south sides of Celsius Bjerg. Tetrapod localities on
Gauss Halvø are distributed between Paralleldal and along the south coastline, and are
represented both by talus-derived and in situ collected material. One in situ locality,
yielding numerous Ichthyostega specimens, is located in the lower part of the Britta Dal
Formation on Sederholm Bjerg in Paralleldal. An Acanthostega yielding in situ locality is
located higher up in the Britta Dal Formation on Stensiö Bjerg on the south coast. Talus-
derived material is reported from all areas and in both the Aina Dal Formation and the
younger Britta Dal Formation. A review and summary of the detailed stratigraphy of
the tetrapod-yielding succession on Gauss Halvø is presented for the first time and is
based on old literature, specimen data, recent fieldwork, unpublished manuscripts and
old field notes. Every recorded locality has been put in this stratigraphical framework
in order to show a detailed distribution of specimens and enabling an assessment of
this distribution.
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ties, stratigraphy, tetrapod.
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Although many new taxa and localities
of Devonian tetrapods have been dis-
covered from all over the world in recent
years (Clack, 2002a), the largest collec-
tions and best-preserved material still
originates from East Greenland. Two
genera from East Greenland, Ichthyostega
and Acanthostega, are known from virtu-
ally complete skeletons, whereas a third
genus from East Greenland (description
is being prepared by Clack, Ahlberg and
Blom) and others from different regions,
such as Ventastega (Ahlberg et al., 1994;
Ahlberg and Luksevics, 1998), Tulerpeton
(Lebedev and Clack, 1993; Lebedev and
Coates, 1995), Obruchevichthys (Vorobye-
va, 1977), Elginerpeton (Ahlberg, 1995;
Ahlberg, 1998), Metaxygnathus (Camp-
bell and Bell, 1977), Hynerpeton (Daesch-
ler et al., 1994), Sinostega (Zhu et al., 2002)
and an Ichthyostega-like specimen from
Belgium (Clement et al., 2004), are frag-
mentary or known only from isolated
elements. The material of Ichthyostega
and Acanthostega is unique in not only
providing detailed morphological and
anatomical information (Clack, 2002a),
but also for its potential for exploring
taphonomy, stratigraphical distribution,
and sedimentary and faunal context.

Vertebrate fossils from East Greenland
were first discovered in Upper Devo-
nian sedimentary rocks by Nathorst in
1899 during his rescue expedition for the
Swedish balloonist Andrée, which also
involved geological investigations (Na-
thorst, 1901). These fossils, represented
by plates and scales, were sent to, and
described by Woodward (1900). This
fossil potential was not further explored
until 1929 when Kulling brought home a
great collection of vertebrates, mainly
from the northern slopes of Celsius Bjerg
(Koch, 1930; Kulling, 1930, 1931). The

material was described by Stensiö (1931)
who listed a number of species of the
new placoderm, Remigolepis, as well as
remains of Holoptychius and other inde-
terminable ‘crossopterygians’. Although
Ichthyostega specimens were among the
material collected by Kulling, such as
the ribs illustrated by Stensiö (1931,
plate 36) and poorly preserved skulls,
they were not recognised as such until
well-preserved tetrapod skulls were col-
lected in 1931 by Säve-Söderbergh and
his team during the first season of
Koch’s Three-Year Expedition (1931-
1934) in East Greenland (Säve-Söder-
bergh, 1932a,b). This expedition was the
largest that had ever been sent out from
Denmark, and although it was partly
carried out in the spirit of using modern
technology for research and Arctic
exploration, it was also part of an effort
by the Danes to assert sovereignty over
East Greenland (Jarvik, 1996; Ries, 2002,
2003). The material that was collected in
1931 included 14 tetrapod specimens
from which Säve-Söderbergh (1932b)
described and illustrated seven different
taxa; Ichthyostega stensiöi (stensioei), I.
watsoni, I. eigili, I.? kochi, ichthyostegid
sp. a, I.? sp. b and Ichthyostegopsis wima-
ni. At that time, and for many decades to
come, these were the earliest known
tetrapods and almost the sole represen-
tatives of transitional forms between fish
and land vertebrates. Therefore East
Greenland suddenly became of signifi-
cance to the geological-palaeontological
community. This increase in interest was
the starting point for more detailed
studies in the Devonian of East Green-
land, and additional tetrapod material,
as well as other vertebrates, were regu-
larly collected between 1933 and 1955 by
different Swedish and Danish expedi-
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tions led by Säve-Söderbergh and Jarvik,
among others (Jarvik, 1996). In 1952,
Säve-Söderbergh’s species were comple-
mented by Acanthostega gunnari Jarvik,
1952 which was described in a paper
that also included new postcranial mate-
rial of Ichthyostega (Jarvik, 1952). From
the increasing amount of data available,
Jarvik (1980) later published more
details of the limbs and the pelvic girdle.
However, it was not until 1996 that he
published a monographic work pre-
senting a new reconstruction together
with detailed anatomical descriptions
and illustrations of the most significant
and best preserved specimens. In the
meantime, Acanthostega, had become the
best known Devonian tetrapod and pro-
vided a great deal of understanding and
new views of the origin of tetrapods
(Clack, 1989, 1990, 1992, 1993, 1994a,b,
1998, 2002a,b; Clack and Coates, 1993,
1995; Coates, 1996; Ahlberg and Clack,
1998). This set of work was based on
almost complete skeletal material from a
locality initially collected by Nicholson
in 1970 (Nicholson and Friend, 1976)
and subsequently more extensively
during an expedition in 1987 by a team
from the University Museum of Zoo-
logy, Cambridge and the Geological
Museum, Copenhagen (Clack, 1988a,b;
Bendix-Almgreen et al., 1990). The latest
‘tetrapod’ expedition in 1998 organised
from the University of Cambridge
(Clack and Neininger, 2000) collected
further new and interesting tetrapod
material, predominantly of Ichthyostega.

Jarvik (1996) illustrated and discussed
many aspects of Ichthyostega’s anatomy,
but the interpretation of many of these,
such as the braincase and the vertebral
column, still remained to be explored
(Clack, 1998, 2002a). Furthermore, many
questions related to the taxonomic,
stratigraphical and sedimentological
context of Ichthyostega have also re-
mained unanswered (Clack and Nei-
ninger, 2000). The morphological and
anatomical aspects of Ichthyostega are in

the process of being reviewed and
recently, a uniquely specialised ear was
recognised from previously highly prob-
lematic anatomical structures (Clack et
al., 2003). The recent recognition of mor-
phologically different assemblages of
Ichthyostega has led to a taxonomic revi-
sion and recognition of three different
Ichthyostega species (Blom, 2005), the dis-
tribution of which is of potential tapho-
nomic, stratigraphical and palaeoenvi-
ronmental interest. Apart from that, very
little has been published on the locali-
ties, distribution and environments of
tetrapods, and the general faunal com-
position of Devonian vertebrates in East
Greenland. Bendix-Almgreen et al. (1990)
described the ecological and environ-
mental context of Acanthostega from the
in situ locality on Stensiö Bjerg (Clack,
1988a,b; Bendix-Almgreen et al., 1990),
and Spjeldnæs (1982) discussed the pa-
laeoecology of Ichthyostega based on
“Ichthyostega-material itself, the accom-
panying fauna and the enclosing sedi-
ments”. Both works are slightly out of
date and these observations need to be
tested against the new anatomical,
faunal and environmental data available
through the ongoing review of Ichthy-
ostega and its faunal and sedimentolo-
gical context.

Although a series of papers have
described the localities and the strati-
graphical distribution of vertebrates
from the Devonian of East Greenland
(Säve-Söderbergh, 1932a, 1933, 1934; Jo-
hansson, 1935), the detailed description
of tetrapod localities, sedimentological
context and the stratigraphical relation-
ship have never really been properly
explored or summarised.

In the present paper, focus is placed
on the localities, distribution and strati-
graphical context of the tetrapods from
East Greenland, providing a review of
what is known from the literature and
what can be extracted from the collec-
tions themselves, unpublished manu-
scripts and field notes. This also in-

6 Introduction
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cludes information from more recent
fieldwork and interpretations of the
stratigraphical framework. This sum-
marises all the localities known from
1929 and onwards, and how they fit in to
the overall picture as well as a detailed

stratigraphical framework. Together,
this forms an excellent basis for future
studies of local as well as global bios-
tratigraphy, palaeogeography and pa-
laeoenvironment.

Introduction 7
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The geology of East Greenland from lati-
tudes 70º to 82º is characterised by a fold
belt that occupies most of the rocks ex-
posed between the coast and the perma-
nent ice cap. It forms part of a major
Caledonian structure, which occurs on
both sides of the North Atlantic Ocean
and in East Greenland is dominated by
metamorphic crystalline complexes as
well as low-grade or non-metamorphic
late Precambrian and Lower Palaeozoic
sediments. In central East Greenland,
continental clastic deposits of Devonian
to Permian age are represented by suc-
cessions of considerable thickness
deposited in a series of continental
basins. The Devonian sedimentary rocks
generally rest unconformably on Cam-
brian and Ordovician carbonates and
older rocks, and overlaid by Upper
Palaeozoic and Mesozoic deposits.

The East Greenland tetrapod localities
are situated on Ymer Ø and Gauss
Halvø, in the central part of the conti-
nental Devonian basin that is exposed in
an almost 100 km wide north-south belt,
extending some 200 km from Hudson
Land in north to Traill Ø in the south,
with small outliers in Canning Land and
on Wegener Halvø further south (Fig. 1).
During its Mid and Late Devonian evo-
lution, an over 8 km thickness of conti-
nental clastic sediments was deposited
in various facies and environments. Ver-
tebrates are known almost all the way
through the succession and includes
representatives of most major groups of
early fossil vertebrates, including het-
erostracans, placoderms, acanthodians,
chondrichthyans, actinopterygians, lung-
fishes, porolepiforms, ‘osteolepiforms’
and tetrapods (Blom et al., in press).

Tetrapods are known from the Upper
Devonian Celsius Bjerg Group, which is

subdivided into seven formations: the
Agda Dal, Elsa Dal, Aina Dal, Wimans
Bjerg, Britta Dal, Stensiö Bjerg and
Obrutschew Bjerg formations (Fig. 2).
The whole group is characterised by silt-
and sandstones, most of which contain
vertebrate fossils that indicate a Famen-
nian age. The tetrapods, however, are
restricted to two formations in the
middle part of the Celsius Bjerg Group,
in which the Britta Dal Formation, the
uppermost and most productive inter-
val, is clearly separated (on Gauss
Halvø) from the slightly poorer Aina Dal
Formation by the almost unfossiliferous
Wimans Bjerg Formation (Fig. 2). These
three formations have been collectively
referred to by the informal name ‘Re-
migolepis Series’, a useful shorthand to
vertebrate palaeontologists.

The age of these deposits has been
problematic and most recently Hartz et
al. (1997, 1998) argued for a Carbonif-
erous age based on 40Ar/39Ar plagio-
clase ages from basalts. Stemmerik and
Bendix-Almgreen (1998) challenged this
Carboniferous age, on the basis of lithos-
tratigraphical correlation between the
basalts and sediments dated by spores.
Marshall et al. (1999) used new detailed
palynological data and concluded that
the deposits are Late Devonian in age.

The Aina Dal Formation, formally
described by Nicholson and Friend
(1976), consists of predominantly cross-
laminated dark red to grey or black, very
fine and fine-grained sandstones and
siltstones, representing a variably active
meandering river and flood basin envi-
ronment (Olsen and Larsen, 1993). It
reaches a maximum thickness of about
90 m at its type section on Stensiö Bjerg
and towards Paralleldal, whereas the
thickness decreases eastwards and to-
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wards the southern exposures on Cel-
sius Bjerg.

The Wimans Bjerg Formation, for-
mally described by Nicholson and
Friend (1976), conformably overlies the
Aina Dal Formation, and is, apart from
trace fossils and possible rare verte-
brates, almost unfossiliferous. It is com-
posed of 100-150 m of grey and red
muddy siltstones alternating with grey
coarse siltstone beds, which Olsen and
Larsen (1993) interpreted as deposited in
a lacustrine/playa mudflat environ-
ment.

The Britta Dal Formation was also for-
mally described by Nicholson and
Friend (1976). It has been interpreted as
alternating siltstones and very fine to
fine-grained sandstones deposited in
extensive flood basins and sandstones as
point bars in shallow meandering fluvial
channels (Bendix-Almgreen et al., 1990;
Olsen and Larsen, 1993). Recent strati-
graphical and sedimentological studies
may, however, challenge previous inter-
pretations against a new hypothesis of
periodic sheet flood origin for most of
the main sandstone bodies (T. R. Astin

geological setting 9
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and J. E. A. Marshall personal communi-
cation, 2004). The alternation of sand-
stone bodies and siltstones, neverthe-
less, characterise the whole stratigraph-
ical extension of the formation, which in
areas can reach about 500 m in thickness.
The Britta Dal Formation is also thickest

on the south coast of Gauss Halvø and
becomes thinner towards north, east and
south.

In a sedimentary basin analysis of the
continental Devonian successions in
East Greenland, Olsen (1993) recognised
four tectonostratigraphic basin stages, of

10 geological setting
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which the Celsius Bjerg basin stage (=
Celsius Bjerg Group) is characterised by
northward draining alluvial plains and
lakes. Meandering rivers terminating in
a flood basin characterise the alluvial
plain of the Aina Dal Formation. These
rivers were initially characterised by
perennial flow with a gradual change
towards increased ephemerality. Such
possible seasonality is even more pro-
nounced in the subsequent depositional
system of the Wimans Bjerg Formation,
in which ephemeral lakes periodically
flooded featureless mud flats. In the

original basin analysis, Olsen (1993)
compared the depositional system of the
Britta Dal Formation with the upper part
of the Aina Dal Formation system, and
interpreted the sediments as ephemeral
meandering river sandstones and flood
basin mudstones. The massive sand-
stones in the Britta Dal Formation may
in fact represent periodic flooding and
deposition of sands in an otherwise
anastomosing system of river channels
(T. R. Astin and J. E. A. Marshall per-
sonal communication, 2004).

geological setting 11
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There is no precise figure for the total
number of tetrapod specimens or indi-
viduals in collections, but there are more
than 550 block specimens sometimes
preserving remains of more than one
individual. There are about 200 Acan-
thostega specimens, more than 300
Ichthyostega specimens, at least two spec-
imens of a new genus, and a number of
specimens that are only recognised as
tetrapods but without further assign-
ment. Most material belong to the Geo-
logical Museum, Copenhagen, but some
specimens collected by Nicholson in
1970 and by the team in 1987 are regis-
tered in the University Museum of
Zoology, Cambridge and Sedgwick Mu-
seum, Cambridge. Most Ichthyostega
specimens and a few Acanthostega speci-

mens collected between 1929 and 1955
have Geological Museum, Copenhagen
collection numbers (MGUH VP). Some
specimens including those collected in
1970, 1987 and 1998 have either Geolog-
ical Museum, Copenhagen field num-
bers (MGUH f.n.) or University Mu-
seum of Zoology, Cambridge numbers
(UMZC T). Table 1 lists the large number
of expeditions with the main partici-
pants that have worked on East Green-
land tetrapods.

One of the major objectives of this
paper has been to review and assemble
all available information and give a
detailed account for tetrapod localities
and distribution in East Greenland.
Despite the impression given by pre-
vious publications (e.g. Jarvik, 1996),

Meddelelser om Grønland, Geoscience 43
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Table 1. Tetrapod-yielding expeditions carried out in East Greenland.

Team Areas of relevance studied Comments

1929 0. Kulling Ymer Ø Koch expedition

1931 G. Säve-Söderbergh, E. Nielsen, H. Leth-Pedersen and D. Laursen Ymer Ø Danish Three Year Expedition

1932 G. Säve-Söderbergh, E. Johansson (Jarvik), G. Lindgren and 

T. Säve-Söderbergh Ymer Ø, Gauss Halvø Danish Three Year Expedition

1933 G. Säve-Söderbergh, G. Wängsjö, E. Ohlsson, B. Granström and 

T. Säve-Söderbergh Gauss Halvø Danish Three Year Expedition

1934 E. Johansson (Jarvik), G. Wängsjö, S. Hansson, O. Harder Jensen 

and R. Nielsen Gauss Halvø

1936 G. Säve-Söderbergh and team Gauss Halvø

1947 E. Jarvik and a Danish assistant Ymer Ø

1948 E. Jarvik, G. Wängsjö and teams Ymer Ø

1949 G. Wängsjö and two Swedish assistants Gauss Halvø

1951 E. Jarvik, G. Wängsjö and team Gauss Halvø

1954 E. Jarvik and two Swedish students Ymer Ø

1955a E. Nielsen, S. E. Bendix-Almgreen and S. Molbech Gauss Halvø

1955b E. Jarvik, H. C. Bjerring & J. Fabricius Gauss Halvø

1970 J. Nicholson Gauss Halvø

1987 S. E. Bendix-Almgreen, J. Clack, P. E. Ahlberg, R. Clack and B. Jørgensen Gauss Halvø, Ymer Ø

1998 J. Clack, S. Finney, S. Neininger and B. Hitchin Gauss Halvø, Ymer Ø



there is quite good locality data avail-
able for the specimens. Almost all
tetrapod specimens have details given
on their labels, including locality and
altitude. Even the stratigraphical level is
often indicated by in situ collection or
original secondary assignment in the
field. When stratigraphical level has not
been indicated, it has still been possible

to assign specimens to at least gross
stratigraphical horizon using a detailed
stratigraphical framework extracted
from previous publications, unpub-
lished manuscripts and field notes. In a
few cases, comparison of sedimentolog-
ical composition, using surface charac-
ters and thin sections, have also been
used to identify the origin of specimens.

material and methods 13
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In order to be able to present details
about the localities and distribution of
tetrapods in East Greenland, it is impor-
tant to establish the stratigraphical
framework at a general as well as a local
basis. Tetrapods are restricted to two
major geographical areas; Gauss Halvø
and Ymer Ø (Fig. 1). These in turn are
divided into smaller parts, each repre-
senting several localities. The Paralleldal
and south coastline areas on Gauss
Halvø and south and north side of Cel-
sius Bjerg on Ymer Ø, are all slightly dif-
ferent in their stratigraphical context
and are therefore discussed individually.
It is important to address these differ-
ences in order to recognise where in the
stratigraphical framework many of the
tetrapod specimens have been collected.

This review may also serve as a basis
for future work on biostratigraphy of
other vertebrate groups from East
Greenland. This information is sum-
marised in a number of maps and strati-
graphical columns (Table 2, Figs 3-9) and
is mainly based on literature rather than
personal observations in the field.

Gauss Halvø

Paralleldal area
Paralleldal comprises the large valley
extending from Franz Joseph Fjord in
the west across the central part of Gauss
Halvø to Moskusoksefjord in the east
(Fig. 1, 3). Despite the area’s importance
as one of the major sources for Ichthy-
ostega material, only restricted descrip-
tions of the stratigraphy of the outcrops
in this large valley were published by
Säve-Söderbergh (1934) and Jarvik
(Johansson, 1935). However, in 1936,
Säve-Söderbergh investigated the area

with the aim of describing its stratig-
raphy in detail, based on the changes in
the placoderm genus Remigolepis
through the ‘Remigolepis Series’ (Jarvik,
1996). These plans were never fulfilled,
but parts of Säve-Söderbergh’s unpub-
lished manuscripts are available and
form together with the descriptions by
Säve-Söderbergh (1934) and Jarvik
(Johansson, 1935), a foundation for this
detailed review of the local stratigraphy.

Only two sections were initially mea-
sured and described by Säve-Söder-
bergh (1934), one on the south slope of
Sederholm Bjerg (Figs 3, 5, section 15)
and one on Remigolepis Ridge (Figs 3, 6,
section 34). He defined some of the
boundaries between the ‘Lowermost,
dark-red, marly division’ (Aina Dal For-
mation), ‘Middle, dark greyish division’
(Wimans Bjerg Formation) and ‘Upper
reddish division’ (Britta Dal Formation)
and indicates a few major fossil hori-
zons.

Jarvik’s (Johansson, 1935) work was
much more extensive with seven sec-
tions measured on the slopes of Seder-
holm Bjerg (Figs 3-5, sections 2, 6, 8-11,
20) and about ten on the northern slopes
of Smith Woodward Bjerg and Remi-
golepis Ridge (Figs 3, 6, sections 26-33,
35-37). Several of these sections are not
complete through the Aina Dal, Wimans
Bjerg and Britta Dal formations, which
he refer to as ‘Lowermost red’, ‘Middle
grey’ and ‘Upper reddish’ divisions
respectively, but a few key sections, ‘Pro-
file 1 and 4’ (Figs 3-5, sections 20 and 11),
were completed with all relevant bound-
aries. Jarvik (Johansson, 1935) also de-
scribed characteristic beds and major
fossil horizons, including those where
Ichthyostega was collected.

The most detailed information on the
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Table 2. List of sections measured on Gauss Halvø, East Greenland.

Profiles Source Location Comments

A Olsen & Larsen 1993 Smith Woodward Bjerg

B Nicholson & Friend 1976 Stensiö Bjerg

C Säve-Söderbergh 1933 Stensiö Bjerg

D Säve-Söderbergh 1933 Wiman Bjerg

E Säve-Söderbergh 1933 Wiman Bjerg

F Säve-Söderbergh 1934 Nathorst Bjerg

G Säve-Söderbergh 1934 Nathorst Bjerg

H Säve-Söderbergh 1934 Nathorst Bjerg

I Olsen & Larsen 1993 Agda Dal

1 Säve-Söderbergh (manuscript) Sederholm Bjerg S 29/Crossopterygian Ravine

2 Jarvik (Johansson 1935) Sederholm Bjerg Profile 2

3 Säve-Söderbergh (manuscript) Sederholm Bjerg S 28

4 Säve-Söderbergh (manuscript) Sederholm Bjerg S 27

5 Säve-Söderbergh (manuscript) Sederholm Bjerg S 25

6 Jarvik (Johansson 1935) Sederholm Bjerg Broad Ridge

7 Säve-Söderbergh (manuscript) Sederholm Bjerg S 26

8 Jarvik (Johansson 1935) Sederholm Bjerg Narrow Ridge

9 Jarvik (Johansson 1935) Sederholm Bjerg Ridge east of Narrow Ridge

10 Jarvik (Johansson 1935) Sederholm Bjerg Ridge west of Profile 4

11 Jarvik (Johansson 1935) Sederholm Bjerg Profile 4

12 Säve-Söderbergh (manuscript) Sederholm Bjerg S 7

13 Säve-Söderbergh (manuscript) Sederholm Bjerg S 6

14 Säve-Söderbergh (manuscript) Sederholm Bjerg S 5

15 Säve-Söderbergh 1934 Sederholm Bjerg Ridge east of Profile Ravine

16 Säve-Söderbergh (manuscript) Sederholm Bjerg S 4

17 Säve-Söderbergh (manuscript) Sederholm Bjerg S 9

18 Säve-Söderbergh (manuscript) Sederholm Bjerg S 8

19 Säve-Söderbergh (manuscript) Sederholm Bjerg S 10

20 Jarvik (Johansson 1935) Sederholm Bjerg Profile 1

21 Säve-Söderbergh (manuscript) Sederholm Bjerg S 11

22 Säve-Söderbergh (manuscript) Sederholm Bjerg S 12

23 Säve-Söderbergh (manuscript) Sederholm Bjerg S 13

24 Säve-Söderbergh (manuscript) Sederholm Bjerg S 19

25 Säve-Söderbergh (manuscript) Sederholm Bjerg S 20

26 Jarvik (Johansson 1935) Smith Woodward Bjerg

27 Jarvik (Johansson 1935) Smith Woodward Bjerg

28 Jarvik (Johansson 1935) Smith Woodward Bjerg

29 Jarvik (Johansson 1935) Smith Woodward Bjerg

30 Jarvik (Johansson 1935) Smith Woodward Bjerg Profile 3

31 Jarvik (Johansson 1935) Smith Woodward Bjerg

32 Jarvik (Johansson 1935) Smith Woodward Bjerg

33 Jarvik (Johansson 1935) Remigolepis Ridge

34 Säve-Söderbergh 1934 Remigolepis Ridge

35 Jarvik (Johansson 1935) Remigolepis Ridge

36 Jarvik (Johansson 1935) Circus Bjerg

37 Jarvik (Johansson 1935) Circus Bjerg Profile 5



stratigraphy in the area has been gath-
ered through a number of sections mea-
sured in 1936 by Säve-Söderbergh and
his team. Some of that information is
available from an unpublished manu-
script held at the Department of Palaeo-
zoology, Swedish Museum of Natural
History, Stockholm, which unfortu-
nately is not complete and only contains
information from the sections measured
on Sederholm Bjerg. Since no field notes
are available, the only record of the sec-
tions measured on the south side of Par-
alleldal, are those from labels of speci-
mens collected in 1936. However, they
cannot provide details on altitude for
boundaries.

Säve-Söderbergh worked out a de-
tailed stratigraphy of the ‘Remigolepis
Series’, especially in the ‘Upper reddish
division’ (Britta Dal Formation), from 18
sections (17 included here) on Seder-
holm Bjerg. The south slope of Seder-
holm Bjerg is divided by ravines into a
series of ridges, which form the basis for
most of the sections. In his unpublished
manuscript, Säve-Söderbergh used the
division of the ‘Remigolepis Series’ with
the abbreviations R1, R2 and R3 for the
‘Lowermost red’ (Aina Dal Formation),
‘Middle grey’ (Wimans Bjerg Formation)
and ‘Upper reddish’ (Britta Dal Forma-
tion) divisions respectively.

In Paralleldal, the Aina Dal Formation
(‘Lower red division’) is easily distin-
guished from the underlying strata and
overlying Wimans Bjerg Formation. In
contrast to the Wimans Bjerg and Britta
Dal formations, the Aina Dal Formation
is not as distinctly stratified. The sand-
stones and siltstones are greyish red but
in the upper part darker reddish brown
to black. The Aina Dal Formation is
characterised by a few fossiliferous hori-
zons that can be recognised in several
different sections on both sides of the
valley. Most of these horizons come
from the upper part of the formation
and Jarvik (Johansson, 1935) argued that
the level at 842 m, 890 m, 921 m and 965

m in different parts of Sederholm Bjerg
are all part of one continuous horizon.
He also believed that the 754 m and 762
m levels on Smith Woodward Bjerg and
Remigolepis Ridge respectively were
continuous with that horizon on Seder-
holm Bjerg (Figs 3-6). Säve-Söderbergh
also recognised in his fieldwork in 1936
a number of fossiliferous beds that he
thought could belong to this particular
horizon described by Jarvik (Johansson,
1935).

Before the detailed study by Säve-
Söderbergh in 1936, very little of the
stratigraphy of the Wimans Bjerg For-
mation (‘middle grey’) was noted. Its
boundaries were mainly referred to only
because they also form the boundaries
of the above and overlying formations.
Jarvik (Johansson, 1935), however, noted
that the uppermost part of the unit was
characterised by “banks [that] are made
up of thin layers of bluish limestone
with whitish hue of weathering, alter-
nating with thin layers of marl, which
weathers into white dust”. Säve-Söder-
bergh likewise recognised the light band
of weathered rock at the top of the ‘divi-
sion’ during his fieldwork in 1936, but
he also divided the Wimans Bjerg For-
mation into a darker lower part (R2a)
and a lighter upper part (R2b). Further-
more, he recorded in the upper part,
three very distinct hard banks, each
about a metre thick, which can be recog-
nised in several of the sections measured
in Paralleldal.

There are some uncertainties re-
garding the boundary beds between the
Aina Dal and Wimans Bjerg formations.
On Sederholm Bjerg, Jarvik (Johansson,
1935) reported a dark grey fossiliferous
bank at 933 m in the section on Broad
Ridge (herein this is section 6), with
Remigolepis specimens of R. kochi type,
which he considered to be of the ‘middle
grey division’ (Wimans Bjerg Forma-
tion). He noted also that these were the
only fossils known from that formation.
Säve-Söderbergh reported a horizon of
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similar character with Holoptychius and
R. kochi which he also considered to be
of the ‘middle grey division’ (Wimans
Bjerg Formation). This horizon is at 884
m just west of section 21 (S11 in Säve-
Söderbergh’s unpublished manuscript).
Because occurrence of fossils from the
Wimans Bjerg Formation would other-
wise be unique, it is unclear whether the
horizon is correctly identified or
whether it is in fact the Aina Dal Forma-
tion. Nevertheless it is at the boundary
and the question remains as to whether
the horizon lies at the top of the Aina Dal
Formation or the bottom of the Wimans
Bjerg Formation. Olsen and Larsen
(1993) defined the lower boundary of
the Wimans Bjerg Formation on Stensiö
Bjerg at the base of the first wave-ripple
laminated coarse siltstone bed. This may
be the same bed mentioned by Jarvik
(1935) and Säve-Söderbergh, and shows
that the basal bed of the Wimans Bjerg
Formation in fact contains fossils such as
Holopthychius and Remigolepis.

Säve-Söderbergh (unpublished manu-
script) described the Britta Dal Forma-
tion (‘Upper reddish division’or R3) as
having rich hard, distinctly projecting
banks between softer more easily crum-
bling sediments. These individual banks
could be followed along the slopes of
Paralleldal. He could thus correlate indi-
vidual horizons between the different
measured sections in the area. Conse-
quently, he gave a much more detailed
stratigraphical framework than the
simple indication of the altitude of a fos-
siliferous horizon as described by Säve-
Söderbergh (1934) and Jarvik (Johans-
son, 1935). Säve-Söderbergh (unpub-
lished manuscript) denoted the lower
part of the Britta Dal Formation as R3a,
which is composed of rock-types very
similar to the underlying R2 (Wimans
Bjerg Formation), defined on the slightly
more reddish colour when seen from a
distance. Although R3a has some alter-
nation of softer and harder horizons, it is
distinguished from the rest of the forma-

tion by the absence of the very promi-
nent hard banks seen higher in the for-
mation. Säve-Söderbergh (1934, unpub-
lished manuscript) and Jarvik (Johans-
son, 1935) both placed the lower
boundary of the Britta Dal Formation
above a very prominent yellowish-
weathering band. ‘R3b’ and the rest of
the Britta Dal Formation are sufficiently
easily distinguished using the frequent
occurrence of very distinct projecting
hard banks, so that Säve-Söderbergh
(unpublished manuscript) introduced a
practical nomenclature, which he used
in all the sections measured in 1936.
Based initially on the conditions seen in
his type section S4 (Figs 3, 5, section 16)
he defined sequences of groups of one or
several projecting banks. Each of these
groups of banks with their underlying
softer layers is regarded as a division or
sequence and given a letter (Rb, Rc, Rd
etc.) R3b differs from the other ‘divi-
sions’ by lacking a softer layer below the
banks and the lower boundary starts
with the bank named R3b1. In each of
the higher divisions, the hard banks
were numbered from below (R3b1,
R3b2, etc.). The banks above R3i were
not systematised because they were too
incompletely exposed in the measured
sections. Fossils have been collected all
through the formation, but are rare in
R3a. All the material collected from the
1936 expedition is labelled with its level
according to this nomenclature, but only
a few tetrapods were found during this
expedition (see below). Since the de-
tailed information assembled by Säve-
Söderbergh in 1936 is only available for
the north side of Paralleldal, there is
restricted information on how the south
side fits into this pattern. For this area,
only the original sections by Säve-Söder-
bergh (1934) and Jarvik (Johansson,
1935) were available (Fig. 3, 6). It should,
however, be noted that there are addi-
tional vertebrate specimens, including a
few tetrapods, collected in 1936 from the
south side of Paralleldal. These speci-
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mens, mostly still not unpacked, have
details of locality, altitude and horizon
using the nomenclature of Säve-Söder-
bergh. The information from this mate-
rial could potentally be used for
building up a better picture on the local
stratigraphy of Smith Woodward Bjerg
and Remigolepis Ridge (Fig. 3).

Successive expeditions used different
techniques of nomenclature to log the
sections yielding fossils, creating diffi-
culties for cross-correlation. A good
example of this is the 1174 m horizon on
Sederholm Bjerg (Johansson, 1935) that
has yielded numerous Ichthyostega speci-
mens. Although it correlates with the
1208 m horizon in section 8 (Fig. 4)
(Johansson, 1935), it is difficult to corre-
late it with any of the named horizons
measured by Säve-Söderbergh in 1936.
Ichthyostega is known from horizons of
R3b and it could be argued, to judge

from the sections in that area, that the
1174 m horizon is in fact one of the hori-
zons from R3b (Fig. 4).

The assemblage information provided
in sections from Paralleldal give an
overall stratigraphical context for the
area. The Aina Dal Formation has a max-
imum thickness of 90 m in the central
parts of the north side of Paralleldal, but
notably the thickness decreases east-
wards over about 5 km to about 30 m.
On the south side it seems nearer 70 m
(Figs 4-6). The Wimans Bjerg Formation
in the area varies between 150-200 m,
and shows little lateral variation. Since
the top of the Britta Dal Formation is not
present on Sederholm Bjerg and the for-
mation reaches to the top of the moun-
tains, its thickness can only be estimated
by comparison with other parts of Gauss
Halvø. More than 400 m is nevertheless
exposed in the most complete part of the
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succession (Fig. 4, section 11). On the
south coastline the succession is more or
less complete and the Britta Dal Forma-
tion is about 500 m thick, and it is there-
fore evident that a large part of the for-
mation is truncated by erosion in Paral-
leldal.

South coastline area
The stratigraphy and sediments exposed
on the south coast of Gauss Halvø have
been described more recently than those
of Paralleldal (Nicholson and Friend,
1976; Olsen and Larsen, 1993). Their
work forms the basis for the formal defi-
nition of the Aina Dal, Wimans Bjerg
and Britta Dal formations. Although a
few measured sections were described
by Nicholson and Friend (1976) and
Olsen and Larsen (1993) (Fig. 7), a more
detailed stratigraphy with descriptions

of particular fossil horizons is available
from older work by Säve-Söderbergh
(1933, 1943) and Jarvik (Johansson,
1935). However, Säve-Söderbergh’s
work in Paralleldal in 1936 is still
lacking in detail. Sections have recently
been measured and sampled for spore
and sediment analysis (Marshall et al.,
1999), and will form the basis for a more
detailed stratigraphical description of
the areas (T. R. Astin and J. E. A. Mar-
shall personal communication, 2004).

At present, measured sections are
available for the south slopes of Smith
Woodward Bjerg, Stensiö Bjerg, Wiman
Bjerg and Nathorst Bjerg (Figs 7-8).
Olsen and Larsen’s (1993) description of
the Aina Dal, Wimans Bjerg and Britta
Dal formations used a type section on
Stensiö Bjerg (Figs 7-8, section B). Both
this section and that presented by
Nicholson and Friend (1976) are very
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general, with Säve-Söderbergh’s (1933)
section on Stensiö Bjerg a good supple-
ment, indicating fossiliferous horizons
in the Britta Dal Formation (Fig. 8).

On Wiman Bjerg and Nathorst Bjerg,
Säve-Söderbergh (1933, 1934) focused on
sections from lower parts of the succes-
sion, and recognised horizons that he
believed could be correlated with the
equivalent horizons mentioned by Jar-
vik (1935) and Säve-Söderbergh (unpub-
lished manuscript) from Paralleldal.

The character and thickness of the
Aina Dal Formation is not very different
from that in Paralleldal. In the type area
on Stensiö Bjerg, the Aina Dal Formation
is generally about 80 m thick, but never
exceeds 100 m. As in Paralleldal, the
thickness decreases eastward. Although
Olsen and Larsen (1993) formally de-
scribed the formation, they gave few
details of levels or boundaries in the

type section. According to Olsen and
Larsen (1993), the Wimans Bjerg Forma-
tion in southern Gauss Halvø around
Stensiö Bjerg is approximately 150 m
thick, and decreases in thickness to the
east. The typical projecting hard banks
are also visible in the Britta Dal Forma-
tion of this area, but until more detailed
sections are described or measured it is
very difficult to correlate these se-
quences with those of the Paralleldal.
The full extent of the formation is pre-
served here and is about 500 m thick or
slightly more.

An overall stratigraphical picture of
the Celsius Bjerg Group on Gauss Halvø
and Celsius Bjerg was presented in five
stratigraphical columns by Olsen and
Larsen (1993, fig. 89). Their boundaries
between the Aina Dal, Wimans Bjerg
and Britta Dal formations on Gauss
Halvø do not correlate perfectly with
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detailed levels given by Säve-Söder-
bergh, particularly in the Nathorst Bjerg
area (Fig. 8). The scheme by Olsen and
Larsen (1993) seems to present a general
correlation in the area rather than abso-
lute boundary indication. It should also
be mentioned that major faults in the
Nathorst Bjerg area could affect the alti-
tude of boundaries between different
sections. No indication of such struc-
tural disturbance has been reported, and
it is likely that the discordance in the
altitude of boundaries is due to simplifi-
cation in the scheme by Olsen and Lar-
sen (1993).

As seen in the sections (Fig. 8), the
whole succession containing the Aina
Dal, Wimans Bjerg and Britta Dal forma-
tions dip to the west and hence rises
towards the east. Towards the west this
is also a general character, but more
notably is that the exposure of the Aina

Dal Formation makes a sharp uplifted
kink in the eastern part of Smith Wood-
ward Bjerg. This has been loosely sug-
gested to be related to a major fault run-
ning from that point towards the east of
the exposed cliff on Stensiö Bjerg (Olsen
and Larsen, 1993, fig. 101). However, as
there is no disturbance in the Aina Dal,
Wimans Bjerg and Britta Dal formations
on Smith Woodward Bjerg, this seems
rather unlikely. At the same time the
thickness of the Wimans Bjerg Forma-
tion is substantially less on Smith Wood-
ward Bjerg. It is, therefore, more likely
that this is due to common basin archi-
tecture with infill and boundary fault
compensation at the basin margin. As
the sediments thicken, the boundary
fault has more movement and you get
an open fold at the basin margin. Most
important for the distribution of tetra-
pod localities is, nevertheless, the fact
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that the exposure on Smith Woodward
Bjerg of the Aina Dal Formation is
higher and the Wimans Bjerg Formation
thinner than elsewhere along the coast-
line.

Ymer Ø

Celsius Bjerg
Although Celsius Bjerg was one of the
first places on East Greenland where De-
vonian vertebrates were found and the
local stratigraphy studied, there are
major problems with the stratigraphical
context in the area, in particular in rela-
tion to the distribution of the tetrapod-
yielding Aina Dal, Wimans Bjerg and
Britta Dal formations. In early work, the
sediments in question were described
only as belonging to the ‘Remigolepis
Series’ and not subdivided as on Gauss

Halvø (Säve-Söderbergh, 1932a; 1933).
Nicholson and Friend (1976) used the
term ‘Remigolepis Group’ for the same
part of the succession and pointed out
that the Wimans Bjerg Formation was
not developed on Ymer Ø. Although
they presented data from sections on
both sides of Celsius Bjerg, no absolute
values for the boundaries were given,
only relative thickness and sample
groups. However, using their geological
sketch map of the Celsius Bjerg area, it is
possible to obtain a general idea about
the possible position of the base of the
Aina Dal Formation (Nicholson and
Friend, 1976, fig. 22). On the north
slopes of Celsius Bjerg, the lower
boundary varies from about 200 m to
400 m between the most western part of
western Celsius Bjerg and the Western
Circus Valley (Fig. 9). Further east the
boundary appears to rise even higher
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and may even reach an altitude of 700 m.
Equivalently on south Celsius Bjerg, the
lower boundary of the Aina Dal Forma-
tion varies from about 150 m in the west-
ernmost end to about 800 m in the east
close to a major fault (Nicholson and
Friend, 1976, fig. 22).

Olsen and Larsen (1993), however,
recognised and reported the occurrence
of Wimans Bjerg Formation on Celsius
Bjerg. They also used a reference section
on southeast Celsius Bjerg to define the

Wimans Bjerg Formation, but that part is
very poorly exposed in this area and the
boundaries not clearly defined. They
also presented a section from southwest
Celsius Bjerg, which although not speci-
fying boundaries between Aina Dal,
Wimans Bjerg and Britta Dal formations
indicates a base for the Aina Dal Forma-
tion at about 300 m.

Summarizing all the information on
Celsius Bjerg, the detailed stratigraphy
of both sides of Celsius Bjerg is still very
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uncertain and it is not possible to define
boundaries between the formations of
interest. No sections are therefore illus-
trated and localities only will be indi-

cated in the map with their stratigraph-
ical context a subject for speculation and
further discussions.
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Gauss Halvø

Paralleldal area
The north and south sides of Paralleldal
are among the most fossiliferous of all
areas in East Greenland and the main
source for Ichthyostega. No Acanthostega
specimens have been collected from this
area. As a result of the detailed strati-
graphical work in 1936 by Säve-Söder-
bergh, there are also large collections of
fish material still to be analysed from the
numerous localities in the valley.

One of the more important sources for
Ichthyostega specimens is the in situ
Britta Dal Formation horizon at 1174 m
on the south slope of Sederholm Bjerg, at
the northern side of Paralleldal. The
horizon was first detected in 1934 and
described by Jarvik (Johansson, 1935) in

the section that he originally called
‘Profil 4’ (Figs 3-4, 10, section 11). During
that first field season, Jarvik and his
team collected 11 Ichthyostega specimens
from that particular horizon. In the same
section, he also collected one from
another Britta Dal Formation horizon at
1312 m and another from an Aina Dal
Formation horizon at 842 m.

The 1174 m horizon, which was also
subsequently collected in 1949, 1951 and
1955, has provided almost 50 well pre-
served specimens. Some of these are
articulated with both skulls and associ-
ated postcrania (Fig. 11). Later collec-
tions were often referred to the 1174 m
horizon on the ridge west of ‘Profil-
ravinen’, which corresponds well, if not
exactly, with Jarvik’s 1935 ‘Profil 4’
locality (Fig. 10, section 11). One spec-
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Paralleldal.  A:
Western part with sec-
tion 11 indicated. B:
Eastern part with sec-
tion 20 indicated.



imen, which was also found on this
ridge in the talus, appears on the basis of
matrix type to be of the Aina Dal Forma-
tion. Another Aina Dal Formation spec-
imen was found in the talus of the next
ridge to the west, a specimen labelled
‘second ridge east of Narrow Ridge’
(Figs 3-4, section 10).

Although the 1174 m horizon was
recognised at 1208 m on the next ridge to
the west (Figs 3-4, section 9), ‘ridge east
of Narrow Ridge’ (Johansson, 1935), no
Ichthyostega specimens were found
there. One specimen was, however,
found much lower in the talus of the
Aina Dal Formation.

Between 1934 and 1951, 11 Ichthyostega
specimens were collected from the dis-
tinct ridge named Narrow Ridge by
Jarvik (Johansson, 1935) (Fig. 3). Five
were collected from the local talus of the
890 m Aina Dal Formation horizon, and
four from undefined parts of the same
formation. Another two specimens are
known from the Britta Dal Formation;
below the horizon at 1208 m (Fig. 4), and
in an undefined part of the talus. The
latter is recognised as a Britta Dal For-
mation specimen by its matrix, which is
generally coarser and more mica-rich

than the matrix of specimens found from
the Aina Dal Formation.

Broad Ridge, the large ridge west of
Narrow Ridge (Fig. 3), has yielded three
Ichthyostega specimens from the Aina
Dal Formation, of which one is assigned
in more detail to the local talus below
933 m. Although a large number of sec-
tions were measured on Broad Ridge
(section 3-6), only two additional speci-
mens were collected from the R3b6
horizon of the Britta Dal Formation.

The Aina Dal Formation has yielded
twelve specimens from the ridge west of
Broad Ridge. They originate from the
local talus below the 965 m horizon near
the top of the formation

The ravine furthest to the west of
those measured and collected on Seder-
holm Bjerg is named Crossopterygian
Ravine (Figs 3-4, 10). It has yielded six
specimens from the Aina Dal Formation
talus and one from the local talus of R3b
in the Britta Dal Formation.

Although Jarvik in 1934 (Johansson,
1935) and more importantly Säve-Söder-
bergh in 1936 carried out substantial
stratigraphical work and collecting in
the ravines east of ‘Profil 4’ (section 11),
very few Ichthyostega specimens were
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Fig. 11. Several blocks
of Ichthyostega spec-
imen MGUH VP 6237
from horizon at 1174 m
on Sederholm Bjerg.
Scale bar equals 10 cm.



recognised from these strata. Their
work, however, is still very useful for
assembling a stratigraphical framework
for the area that can be used in future
biostratigraphical studies using other
vertebrate groups (Figs 3-6). Three
Ichthyostega specimens have, neverthe-
less, been collected from the local talus
of R3b5 at 1124 m in section 17 (S9 in
Säve-Söderbergh’s unpublished manu-
script). It is probable but not certain that
this R3b5 horizon at 1124 m correlates
with the significant horizon at 1174 m in
section 11. Apart from this, only two
specimens have been collected from the
local talus of the Britta Dal Formation
R3g horizon at 1217 m in section 18 (S8),
and one from the Aina Dal Formation
talus in section 19 (S10).

The south side of Paralleldal also
yielded a number of Ichthyostega locali-
ties along the northern slopes of Smith
Woodward Bjerg and Remigolepis Ridge
(Fig. 3). A large number of specimens
were collected in local talus in the north-
eastern part of the third area from the
east on Smith Woodward Bjerg (Fig. 3).
When four Ichthyostega were collected
there in 1949, the material was assigned
to the Wimans Bjerg Formation. A few
years later when 15 other specimens
were collected in the same area from a
local talus at 980 m, they were recog-
nised as an Aina Dal Formation assem-
blage. Considering the overlap in lo-
cality and sedimentological composi-
tion, it is evident that the previous mate-
rial also originates from the Aina Dal
Formation rather than the Wimans Bjerg
Formation.

To the west of this area on Smith
Woodward Bjerg, a larger valley, infor-
mally named ‘Lungfiskdal’, cuts deep
into the mountain side. Ten Ichthyostega
specimens were collected from the
slopes of ridges that line the sides of the
valley. A majority of those were collected
from the Britta Dal Formation talus of
the ‘sixth ridge’, presumably the sixth
from the mouth of the valley. Only one

of those is given a detailed altitude, of
1015-1020 m. The rest of specimens from
‘Lungfiskdal’ include one collected from
the Britta Dal Formation talus on ‘ridge
one’, and three with uncertain affinity
from ‘ridge four’, ‘Kröken’ and ‘north
side’ respectively.

East of ‘Lungfiskdal’ is the area
referred to as the ‘second portion from
the east’ on Smith Woodward Bjerg (Fig.
3). In its northwestern part, eight speci-
mens were collected, equally divided
between the Aina Dal and Britta Dal for-
mations.

Between the second and first col-
lecting areas to the east on Smith Wood-
ward Bjerg, is a small keel-shaped
promontory with ravines on each side.
These were used for measuring a few
sections (section 26-28) to give an idea
about the local stratigraphy (Jarvik,
1935, fig. 3). However, only one Ichthy-
ostega specimen was found in the Britta
Dal Formation on the northeast side of
the promontory.

The large valley between Smith
Woodward Bjerg and Remigolepis Ridge
is named Kerstin Dal (Fig. 3). Numerous
ravines and ridges interrupt both sides
of the valley and were used by Jarvik
(Johansson, 1935) and Säve-Söderbergh
(1934), as landmarks for their localities.
These ridges yielded eight specimens
collected from various slopes of both the
Aina Dal and Britta Dal formations. The
localities often refer to a ridge number,
but it is unclear today, which ridge is
referred to. It seems, however, reason-
able to believe that ridges 1-6 refer to the
eastern side of Kerstin Dal on the slope
of Remigolepis Ridge, since the western
side has fewer and less obvious ravines
(Johansson, 1935). One Aina Dal Forma-
tion and three Britta Dal Formation (at
about 967 m) specimens were collected
on the first ridge from the mouth of the
valley. Three Britta Dal Formation speci-
mens originate from the second ridge.
One of these, the famous and beautifully
preserved skull MGUH VP 6064 (Fig.
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12), is often referred to as the ‘Salongste-
gocephalen’ since it was exhibited lying
on a blue velvet cushion in the saloon of
the ship Gustav Holm on the way home
from Greenland in 1934 (Jarvik, 1996).
Although it was collected in the talus at
801 m (845 m in Johansson, 1935) at the
level of the Wimans Bjerg Formation, it
is evident that it had fallen there and
actually originates from lower parts of
the Britta Dal Formation (Johansson,
1935). One specimen was also collected
from the talus of the fourth ridge
without any clear indication of where its
source.

Only two specimens from Paralleldal
lack any details of provenance, although
one is referred to as derived from ‘Pro-
file S23’ which was one of the sections
measured by Säve-Söderbergh in 1936
and should be somewhere on the south
side of Paralleldal.

South coastline area
Tetrapods are only known from one in
situ locality on the south coast of Gauss
Halvø. This locality, which is well-
known for providing the unique collec-
tion of Acanthostega specimens, was dis-
covered by Nicholson in 1970 and exca-

vated in detail in 1987 (Bendix-Alm-
green et al., 1988; Bendix-Almgreen et al.,
1990). About one hundred specimens
containing both articulated and disartic-
ulated Acanthostega material were col-
lected in situ (Fig. 13), in an exposure
close to the top of the Britta Dal Forma-
tion on the south-east slope of Stensiö
Bjerg (Figs 7, 14). Another hundred
Acanthostega specimens of various com-
pleteness have been collected in the
talus below and around the fossil-
yielding horizon. The outcrop was origi-
nally estimated to lie at an altitude of
733 m, but during more recent fieldwork
in the area (Clack and Neininger, 2000),
a more accurate 800 m level was mea-
sured for the locality. Although Säve-
Söderbergh (1933) never found this
horizon, it should fall within a close dis-
tance of his original section (Figs 7-8,
section C). One tetrapod specimen has
even been found just above the Acan-
thostega in situ locality and a few Acan-
thostega in the scree well below the
locality at about 200 m. It is not possible
to say whether these originate from the
800 m horizon or from lower levels
within the succession. In the talus below
600 m, a patch of disarticulated spines
was found in association with what
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Fig. 12. Ichthyostega
specimen MGUH VP
6064, ‘Salongstego-
cephalen’, from
Remigolepis Ridge,
Kerstin Dal. Scale bar
equals 10 cm.



seems to be a tetrapod interclavicle, sug-
gesting that a larger predator, presum-
ably a sarcopterygian such as Eusthen-
odon, might have regurgitated these
remains (Blom et al., in press).

More than ten Ichthyostega specimens
were found much lower in the Britta Dal
Formation but on various levels in the
big talus between about 100-300 m.
Although this is at the level of the
Wimans Bjerg Formation, they must

originate from higher up in the Britta
Dal Formation. Most of these are found
in the middle part of Stensiö Bjerg, but a
few were also collected further to the
east and west.

More than 30 specimens of Ichthy-
ostega and one of Acanthostega have been
collected from the Aina Dal Formation
on Stensiö Bjerg (Figs 15-16). They were
collected in 1987 and 1998 in what has
been labelled as the ‘scree below camp-
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Fig. 13. Acanthostega
in situ outcrop at
about 800 m on
Stensiö Bjerg.

Fig. 14. View of
eastern part of Stensiö
Bjerg, separated from
Wiman Bjerg by Aina
Dal. Acanthostega in
situ outcrop is indi-
cated by arrow.



site’, which means different levels (0-80
m) within the talus below the cliff and
the plateau (Fig. 17) used as camp site
for 1987 and 1998 expeditions, which
forms the top of the Aina Dal Formation,
and immediately west of the Aina Dal
waterfall (Figs 14, 17). This locality also
relates to the more general reference of a

few Ichthyostega specimens collected
during earlier expeditions in the 1940’s.
These Aina Dal Formation specimens
have been labelled ‘bottenterrassen’,
‘Stensiö Bjerg, western part’, ‘Ravin
väster om västra grytan’ and ’74 m and
talus below along the shore of Stensiö
Bjerg’.
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Fig. 15. Ichthyostega
specimen MGUH f.n.
1398  from the Aina
Dal Formation of the
locality ‘loose in scree
below campsite’ on
Stensiö Bjerg. Scale
bar equals 5 cm.

Fig. 16. Acanthostega
specimen MGUH f.n.
1330 (part + counter-
part) from the Aina
Dal Formation of the
locality ‘loose in scree
below campsite’ on
Stensiö Bjerg. Scale
bar equals 5 cm.



There are also several finds of tetra-
pods from the slopes adjacent to that of
Stensiö Bjerg. To the east, separated by a
valley named Aina Dal, is Wiman Bjerg
(Fig. 18), on which several tetrapods
have been found, including the holotype
of Acanthostega (MGUH VP 6033) (Fig.
19). It was found in 1932 in the south-
west corner in the talus under the highly
fossiliferous bed at 350 m (Säve-Söder-
bergh, 1933) (Figs 7, 8, section E), but
was not recognised as a tetrapod until
later (Jarvik, 1952). Another Acanthostega
specimen and an Ichthyostega rib have

also been found at this site, which
exposes rocks of the Britta Dal Forma-
tion. In 1998 an unidentifiable tetrapod
fragment was collected on the same side
of the mountain towards Aina Dal, but
from talus of the Aina Dal Formation.

On the southeast corner of Wiman
Bjerg, towards Elsa Dal, several tetra-
pods have been collected from a large
loose block of the Britta Dal Formation
at 520 m (Figs 7-8, section E). Most of
these are recognised as probable Acan-
thostega, including numerous fragments
of at least two juveniles.
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Fig. 17. View of the
Aina Dal Formation
cliff surface and scree
below camp site at
Stensiö Bjerg. Observe
one of the authors
(P.E.A.) for scale.

Fig. 18. View of the
south slopes of Wiman
Bjerg.



Nathorst Bjerg, which is located east
of Wiman Bjerg, provided three Ichthy-
ostega specimens collected in 1933 and

1948. Two were collected from the talus
of the fossiliferous Aina Dal Formation
horizon at 372 m, in the middle part of
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Fig. 19. The holotype
of Acanthostega,
MGUH VP 6033, from
local talus below 350 m
on Wiman Bjerg. Scale
bar equals 5 cm.

Fig. 20. View of
eastern part of Smith
Woodward Bjerg,
divided from the
western part of Stensiö
Bjerg by Britta Dal.



Nathorst Bjerg (Säve-Söderbergh, 1934)
(Figs 7-8, section H). The third specimen
was collected in an equivalent talus in
the western part (Fig. 7, section F).

From the slopes of Smith Woodward
Bjerg, to the west of Stensiö Bjerg (Fig.
20), about 15 Ichthyostega specimens
were collected at different levels ‘below
the high slope’. Since the south slope of
Smith Woodward Bjerg extends far
along the coastline and the locality
description is no more detailed than
‘east’, ‘middle’ or ‘west’, it is quite diffi-
cult to determine the correct locality. It
is, however, evident that specimens
originate from both the Aina Dal and
Britta Dal formations. One of the well-
preserved Ichthyostega specimens,
MGUH VP 6115 (Fig. 21), was collected
from about 370 m on the eastern part of
the western part and may in fact have
been collected in situ (Jarvik, personal
communication to J.A.C., 1990). Consid-
ering its altitude and sedimentological
composition it certainly originates from
the Aina Dal Formation. Another Ichthy-
ostega specimen found at 832 m from the
same slope originates from the Britta Dal
Formation.

Ymer Ø

North Celsius Bjerg
The slopes on the north side of Celsius
Bjerg (Fig. 22) were the first to yield
tetrapods, including the type material of
Ichthyostega. To date, about 80 specimens
of Ichthyostega have been collected,
varying considerably in the amount of
detail provided about locality. The north
side has yielded only Ichthyostega speci-
mens and not, as on the south side,
Acanthostega and the new tetrapod ge-
nus currently under description by the
authors.

Perhaps the most significant locality is
East Plateau which, according to Säve-
Söderbergh (1933), is limited to the
eastern part of western North Celsius
Bjerg where the type material was col-
lected in 1931 (Fig. 23). At least six speci-
mens were collected from East Plateau,
including the holotypes of Ichthyostega
stensioei, Ichthyostega watsoni, Ichthy-
ostega? kochi and Ichthyostegopsis wimani
(Säve-Söderbergh, 1932). The other two
taxa named by Säve-Söderbergh (1932),
Ichthyostega eigili and ichthyostegid sp.
A, were found above the slope down to
the East Plateau, at the eastern boundary
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Fig. 21. The well-pre-
served Ichthyostega
specimen MGUH VP
6115 from the western
part of Smith Wood-
ward Bjerg.



of the Eastern Upper Terrace (Fig. 23). Of
these original taxa only three, I. stensioei,
I. eigili and I. watsoni, are still considered
valid (Blom, 2005). In 1987, three Ichthy-
ostega specimens were collected in the
scree at 380 m, 400 m and 450 m below
the East Plateau. There are also a num-
ber of specimens with poor locality data
that still may originate from East Pla-
teau. These are referred to as ‘East Pla-
teau, Coulisses’ or just ‘northern slope of
Celsius Bjerg’. Another significant lo-
cality that has been referred to as East
Plateau is ‘Stora raset’ above Topmost
Coulisse. That refers to the large talus
behind and above Topmost Coulisse
(Fig. 23). About 10 specimens have col-
lected over the years from this locality,
which has also been referred to as
Eastern Upper Terrace.

Another part of the north side of Cel-
sius Bjerg that has provided numerous

Ichthyostega specimens is what, in gen-
eral terms, was simply called the
Coulisses. They are two large down-
faulted blocks exposed west of Lower
Terrace, which runs below East Plateau
(Fig. 23). During the first two field sea-
sons, and occasionally also later, these
two coulisses were not distinguished
from each other. Ten specimens were
collected there and not given any further
details on the label than around the
Coulisses. Later, however, more details
were given and the Coulisses were
divided in into ‘western’ and ‘eastern’
(Säve-Söderbergh, 1932). Five Ichthy-
ostega specimens were found in the talus
behind the ‘western Coulisse’ and one
simply in talus at the ‘western Coulisse’.

According to Säve-Söderbergh (1933),
the fossil locality ‘Behind the Western
Coulisse’ is bounded to the east by a
sharp ridge. This ridge was called Kochi
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Fig. 22. Photograph of
north face of Celsius
Bjerg taken from Gauss
Halvø.



Ridge and has yielded a few Ichthyostega
specimens. There are also a few localities
closely related to those mentioned, but
they are not assigned more details than
‘Gully on north facing scree, east of
Kochi-Ridge, approximately in situ’,
‘small Coulisse west of Western Cou-
lisse, stuck in brook’ and ‘Älven west of
fault, Kitteln’.

Other significant localities on north
Celsius Bjerg are those linked with
Western Circus Valley (Figs 9, 22). This
valley divides the western part of North
Celsius, with its East Plateau etc, from
the central part according Säve-Söder-
bergh (1932). It holds a glacier covered
with so much rubble that ice can be seen
only in major crevasses. There could be

some confusion related to the name
Western Circus Valley, since Nicholson
and Friend (1976) used the name North
Central Circus Valley for the same
valley. Nicholson and Friend (1976) also
used a completely different terminology
from that of Säve-Söderbergh (1932,
1934) for the different parts of Celsius
Bjerg (Nicholson and Friend, 1976, fig.
22). Herein we use the original names
given by Säve-Söderbergh (1932, 1934),
as used also by the majority of people
collecting in the area, so that geograph-
ical names can be compared to those on
labels.

A majority of about 20 specimens col-
lected in the Western Circus Valley origi-
nate from the western side. Details are,
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Fig. 23. Close-up of
north western Celsius
Bjerg.



however, scarce and few specimens are
given greater details than just ‘inner
part’, ‘lower part’, or just simply
‘western side’. Furthermore, vague
locality details also characterise speci-
mens from the rest of the valley, which
has yielded one specimen from the
‘eastern side’, five from the ‘moraines’,
three from the ‘delta’ and one from the
‘plateau in the north end’.

In the western part of central north
Celsius Bjerg, towards the Western Cir-
cus Valley, five Ichthıyostega specimens
were collected from the talus of ‘Double
Ravine’.

There are also specimens with very
little detail, such as ‘north side of Ymer
Ø, hill about 6 km northwest of Kap
Graah, 100 m above sea level’ and just
‘north Celsius Bjerg’.

As shown above, the stratigraphical
context of north Celsius Bjerg is some-
what problematic, and it is therefore
quite difficult to assign the different
localities to any formation with cer-
tainty. Although the geological sketch
map of Nicholson and Friend (1976, fig.
22) may provide an indication of the
lower boundaries of Aina Dal Formation
in the area, the implications of this
uncertainty will be discussed later in
this paper.

South Celsius Bjerg
Only about 40 tetrapod specimens have
been collected on the south side of Cel-
sius Bjerg, and most were collected
during the latest field expedition in
1998. The majority of these have been
found in the central part. Several were
collected at the western end in the scree
between 460 and 725 m (Fig. 9). They
includes numerous Ichthyostega speci-
mens and two Acanthostega. There are
also several Ichthyostega specimens from
the talus in the central part in horizons
between 360 and 600 m. Tetrapods have
also been collected from central South
Celsius Bjerg, either just referred to as
the ‘eastern end 500-800 m’ or Eastern
Terrace (‘Östra läktaren’ according to
Säve-Söderbergh (1933)). In addition,
the latter has also yielded a specimen of
a new tetrapod, currently under descrip-
tion by the authors. A better specimen of
the same new genus (Fig. 25) has also
been collected at the eastern end of the
western part, an area in which a few
Ichthyostega specimens have been col-
lected in talus at about 600 m. Only one
tetrapod specimen has been found in the
eastern part of South Celsius Bjerg, in
the eastern corner at 885 m.

Since the stratigraphical context of
south Celsius Bjerg is somewhat prob-
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Fig. 24. View of the
central part of the
south side of Celsius
Bjerg, showing two
localities collected at
about 400 m and 360
m in 1998 (see Clack &
Neininger, 2000).



lematic, it is quite difficult to confidently
assign the different localities to forma-
tions. However, if the geological sketch
map of Nicholson and Friend (1976, fig.
22) is correct, then most specimens origi-

nate from talus at the level of Aina Dal
Formation or higher and could certainly
contain Britta Dal Formation material as
well.
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Fig. 25. Specimen
MGUH VP 6088 of a
new tetrapod genus
from the easternmost
talus of the western
part of the south side of
Celsius Bjerg.
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The detailed record of tetrapod locali-
ties, and their distribution within the
stratigraphical framework presented
here, demonstrates unique information
previously not thought to be available. A
subject of particular importance is that
of the stratigraphical source of indi-
vidual specimens originate in terms of
stratigraphical level. Although Jarvik
(Johansson, 1935; Jarvik, 1996) clearly
stated that a large number of Ichthyostega
specimens were collected from an in situ
locality on Sederholm Bjerg at 1174 m,
this information has never really been
recognised by the geological-palaeonto-
logical community. This confusion is
probably related to the fact that a
majority of Ichthyostega specimens were
actually found loose in talus and were
therefore previously considered to be of
uncertain provenance. This misconcep-
tion can now be eliminated, and the
detailed stratigraphical framework and
distribution of tetrapod specimens now
available can be used to establish
whether there are any morphological
differences between specimens of dif-
ferent ages. Blom (2005) has suggested
that three of the species erected by Säve-
Söderbergh (1932b) are distributed dif-
ferently within the succession, and that
the other taxa are junior synonyms of
these three. Furthermore, the detailed
stratigraphical framework presented
herein can now be used for similar
studies of the other known vertebrates
within the same strata. Potentially suit-
able taxa for that kind of work are
Remigolepis and Holoptychius, which are
both well-distributed within that part of
the succession and are well represented
in collections (Blom et al., in press).

Although we have greatly improved
our understanding of the distribution of

tetrapods in East Greenland, there are a
few issues that need to be addressed be-
fore a fully reliable picture can be ob-
tained. One immediate problem is the
difficulty in correlating strata between
Celsius Bjerg and Gauss Halvø. This
problem, which has been emphasised
herein, relates to the lack of detailed
stratigraphical information available for
the Celsius Bjerg successions. Most ef-
forts have been carried out on a larger
scale (Nicholson and Friend, 1976; Olsen
and Larsen, 1993) and have not provided
any clear solution to the position of in the
boundaries of the different tetrapod-
yielding formations the succession. Blom
(2005) has tried to clarify some of these
questions by comparing individual spe-
cimens of Ichthyostega from North Cel-
sius Bjerg with those of Gauss Halvø.
Blom (2005) demonstrates that two dif-
ferent assemblages on Gauss Halvø,
from the Aina Dal and Britta Dal forma-
tions respectively, are morphologically
different from each other. These assem-
blages are then compared with the type
material of Celsius Bjerg in terms of these
morphological characteristics, as well as
sedimentological data observed from the
matrix surrounding the specimens. The
results show that the Ichthyostega speci-
mens from north Celsius Bjerg in gener-
al, and East Plateau in particular, seem to
represent mixed assemblages (Blom,
2005). This can easily be understood and
explained by reference to the local topo-
graphy and how rocks are exposed in the
area. Comparison of Nicholson and
Friend’s (1976) geological sketch map
with the outcrop photograph of the East
Plateau area (Figs 9, 23), leads to the rea-
sonable inference that the base of the
Aina Dal Formation is at the approxi-
mate level of the East Plateau.
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The cliff above should then, according
to Nicholson and Friend (1976) repre-
sent only the Britta Dal Formation, but
no strata of the Wimans Bjerg Forma-
tion. From their interpretation of the
stratigraphy, the talus on and around
East Plateau could potentially contain
rocks and specimens of both formations.
If Olsen and Larsen (1993) are correct in
their interpretation, about 100 m or less
of this at least 300 m high steep cliff (Fig.
23) should consist of the Wimans Bjerg
Formation. Specimens found on and
around East Plateau could thus still ori-
ginate from either the Aina Dal or Britta
Dal formations. The question of whether
the Wimans Bjerg Formation is present
on Celsius Bjerg or not, is relevant for
discussion of variation in formation
boundaries in different parts of the
basin. The possibility that the forma-
tions are diachronous may ultimately
also have an effect on the distribution of
taxa. The type of mixed assemblage seen
on North Celsius Bjerg may potentially
also be seen among other vertebrate
groups that show taxonomical variation
within the succession often referred to as
the ‘Remigolepis Series’. The best candi-
date for such a pattern is Remigolepis
itself which was originally described
from North Celsius Bjerg, and like
Ichthyostega was said to include several
different species (Stensiö, 1931). Some of
these Remigolepis taxa have been sug-
gested to show successional distribu-
tion, which can be compared with that of
Ichthyostega (Johansson, 1935; Säve-
Söderbergh, unpublished manuscript;
Blom et al., in press). Some questions
remain concerning the validity of the
different Remigolepis species (M. Holten
Petersen personal communication,
2003). However, it is important to know
whether it shows a similar pattern of
species distribution to Ichthyostega. If it
shows clear species separation on Gauss
Halvø but a mixed assemblage on Cel-
sius Bjerg, it could mean either that the
formations of the ‘Remigolepis Series’

are indistinct on Celsius Bjerg, or that we
see a mixed population of Remigolepis
morphologies there.

East Greenland, with its two well-
known tetrapod genera, Ichthyostega and
Acanthostega, and a third genus being
described by the authors shows together
with the Catskill Formation fauna (Shu-
bin et. al., 2004), a much higher diversity
than any other known Devonian tetra-
pod-yielding area (Clack, 2004). This
diversity, however, is neither geographi-
cally nor stratigraphically homogeneous
within East Greenland.

First, the tetrapod assemblages from
the south side of Celsius Bjerg show
potentially a higher diversity than those
of the closely located north side, as well
as the more remote localities on Gauss
Halvø. South Celsius Bjerg yields three
genera: Ichthyostega, Acanthostega and
the third genus. North Celsius Bjerg on
the other hand has yielded only Ichthy-
ostega specimens. Paralleldal has simi-
larly yielded only Ichthyostega, whereas
the south coastline of Gauss Halvø has
yielded both Ichthyostega and Acan-
thostega. This variation in diversity is
probably not a simple sampling effect
since south Celsius Bjerg with its
‘higher’ diversity has provided fewer
specimens than any of the other areas.
Alternatively, the distribution may
relate to how different taxa lived within
the basin, but discussions on environ-
mental constraints will remain specula-
tive until a better sample size and more
significant patterns of taxa distribution
are available.

Ichthyostega is the taxon showing the
most consistent distribution with occur-
rences in all areas and in both the Aina
Dal and Britta Dal formations. However,
Ichthyostega specimens from the Britta
Dal Formation are restricted to the lower
parts. Since Acanthostega on Gauss
Halvø is known from the Aina Dal For-
mation and higher up in the Britta Dal
Formation it shows, at least locally, a
longer range than Ichthyostega. Bearing
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that in mind, it is curious that there is no
clear evidence of Acanthostega from the
lower parts of the Britta Dal Formation.
The Aina Dal Formation has yielded
only two specimens, so it is as yet
impossible to test whether Acanthostega
is morphologically more conservative
through time than Ichthyostega.

The absence of Acanthostega from the
Britta Dal Formation in Paralleldal may
not be surprising: the in situ Acanthostega
horizon on Stensiö Bjerg lies above the
preserved part of the succession on, for
example, Sederholm Bjerg (Figs 4, 5).
However, it serves to emphasise the
curious fact that Acanthostega is absent in
the lower parts of Britta Dal Formation.
The absence of Acanthostega from the
Aina Dal Formation in the same area
may result from a simple sampling effect
of what was then a rare taxon.

The absence of Acanthostega in the
lower parts of the Britta Dal Formation
in all the areas, at a time when they are
known to have existed suggests tapho-
nomic and environmental restrictions on
tetrapod taxa in East Greenland and
may explain their inconsistent preserva-
tion. The Aina Dal and Britta Dal forma-
tions have both been interpreted as
deposited in active meandering river
systems. Although interpreted as being
laid down in similar environmental con-
ditions, their sedimentology shows sig-
nificant differences (Olsen and Larsen,
1993; Olsen, 1993). These differences are
further emphasised by the development
of a recent hypothesis challenging pre-
vious interpretations of active river
depositions for the Britta Dal formation.
A new interpretation of sheet flood
origin for the Acanthostega-bearing sand-
stones has been suggested (T. R. Astin
and J. E. A. Marshall personal communi-
cation, 2004). Analysis of differences in
depositional history between the two
tetrapod-yielding formations, their taxo-
nomic composition, and variations in
distribution of taxa within may give
some constraints, that in turn may

inform us about the particular environ-
ment in which different taxa are found.
Another set of constraints might be
available from direct studies of the
taphonomic and sedimentological con-
text of the individual localities. This type
of data could, for example, be collected
from additional fieldwork on the
Ichthyostega in situ horizon at 1174 m.
Since the precise locality of these Ichthy-
ostega specimens is known, it should be
possible to explore the sedimentological
context of that particular horizon and its
specimens. The depositional history of
the sediments and a detailed tapho-
nomic analysis should allow us to accu-
mulate new data on the environment in
which Ichthyostega is preserved. Al-
though a similar approach has been
made to the Acanthostega in situ site on
Stensiö Bjerg (Bendix-Almgreen et al.,
1990), its sedimentological context may
be challenged (as noted above, T. R.
Astin and J. E. A. Marshall personal
communication, 2004). It would, there-
fore, be particular useful revisit the two
in situ localities. A detailed analysis of
their taphonomic and sedimentological
context in an attempt to clarify the rela-
tion the specimens have to the deposi-
tional environment. One objective
would be to confirm whether tetrapod
specimens were deposited in their nat-
ural environment or had been trans-
ported from elsewhere. Knowledge of
this site could then more carefully be
used in the more general context of
palaeoecological, sedimentological, en-
vironmental and faunal studies.
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The invasion of the land by vertebrates is a key episode in the history of life, 
and is marked by an evolutionary transformation often referred to as the fish­
tetrapod transition . The Late Devonian tetrapods lchthyostega and Acantho­
stega from East Greenland are among the earliest tetropods known. They are 
also the best preserved tetrapods of the Devonian period and are therefore of 
crucial importance for our understanding of how fishlike animals evolved, for 
example, limbs with fingers and toes, characters usually closely associated with 
the adaptation of walking on land. 

This monograph provides detailed information on the Late Devonian 
(Famennian) localities of East Greenland from which these important tetrapods 
originate. It also gives new information on the distribution and stratigraphical 
context of these fossils, facilitating discussions of regional stratigraphy, en­
vironmental constraints and global comparison with other tetrapod-yielding 
localities. 
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