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which are between 3.8 and 7 m thick (mean, 5.9 m).
These cycles are clearly visible in the landscape as major,
step-like ledges. The basal part of each cycle is relatively
rich in siltstones, whereas the upper part of the cycle is
dominated by sandstones. The top of the cycle is defined
by a well developed paleosol. These paleosol horizons
are enriched in calcite or dolomite (yellowish color) and
always possess well developed desiccation cracks (up to
1 m deep in several places). Underlying sandstones are
typically bioturbated, and locally contain calcite nodules.
On top of the paleosols, well developed, flat-pebble con-
glomerates occur. These flat-pebble conglomerates are
composed of intraformational mud clasts and have thick-
nesses between a few centimetres and 0.5 m; they fre-
quently contain vertebrate fragments.

All second-order cycles contain thinner cycles. Third-
order cycles vary in thickness between 1.25 and 2.2 m
with a mean of 1.57 m. These cycles also possess a basal,
relatively silt-rich horizon and an uppermost, sandy layer,
topped by a paleosol with desiccation cracks and a flat-
pebble conglomerate (Fig. 16). These cycles are likewise
detectable on the landscape with the uppermost sandy
portion forming more resistant ledges. In well exposed
sections it is sometimes possible to observe that the
third-order cycles are also composite. These minor cycles
are primarily defined by a rhythmic distribution of rela-
tively thin (and immature) paleosols. From preliminary
data on the stratigraphic distribution of these paleosols, it
appears that two orders of minor cycles occur. Fourth-
order cycles have a mean thickness of about 0.6m,
whereas fifth-order cycles have a mean thickness of 0.25
m.

The composition of the cycles records systematic fluc-
tuations in depositional conditions (Clemmensen 1980a).
The lowermost, silt-rich portion of the cycles apparently
formed in a large, ephemeral lake or playa-mudflat sys-
tem during periods of little sand yield to the basin in a
relatively humid climate. Thin beds of loess deposits
indicate seasonal aridity. The uppermost, sand-rich por-
tion of the cycles formed in an ephemeral lake system
with intermittent wave reworking of the sand flats, indi-
cative of a dry climate with seasonal rainfall, and with
greater sand transport into the basin. The well developed
paleosols clearly indicate periods of exposure and non-
sedimentation in an arid climate, whereas the overlying
flat-pebble conglomerates indicate flushing of the ex-
posed surfaces by flood or basin water under conditions
of increased humidity.

The composite nature of the sedimentary cycles, their
rhythmicity, and their thickness ratios are evidence that
fluctuations in depositional conditions were controlled by
orbitally forced climatic changes (Milankovitch cycles;
cf. Olsen 1986). At present, however, it is difficult to

Fig. 16. Sedimentary log of a typical facies in the lower Malm-
ros Klint Member, western slope of Tait Bjerg, showing a
sequence of third order depositional cycles.
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Table 1. Estimates of the depositional duration of the tetrapod-
bearing Malmros Klint Member and Carlsberg Fjord beds (in-
formal name), Fleming Fjord Formation, East Greenland.

Stratigraphic unit

Thickness at Accumulation time

Tait Bjerg
Carlsberg Fjord beds 115 m 1T my! 24-3.1 my?
Malmros Klint Mb 130 m 9my. 2.1-2.7 my.?

'Assuming that the 4.50 m or 5.89 m cycles are long eccentricity
cycles (413,000 yr).

*Assuming that the 4.50 m or 5.89 m cycles are short eccentri-
city cycles (95-123,000 yr).

calibrate the cycles. The prominent second-order cycles
could be either short (95-123,000 yr) or long (413,000
yr) eccentricity cycles. Thus the Malmros Klint Member
could have accumulated over about 2.4 million years or
over about 9 million years (Table ). Deposition was
clearly not continuous, as indicated by the numerous
paleosol horizons; the times of accumulation suggested
here include both depositional time and periods of sub-
aerial exposure and soil formation.

The @rsted Dal Member in the region between Carls-
berg Fjord and Fleming Fjord is composed of a basal
clastic unit, here informally termed the Carlsberg Fjord
beds, and an overlying unit of mixed clastics and carbon-
ates termed the Tait Bjerg Beds (Fig. 2). The Carlsberg
Fjord beds are about 115 m thick and are composed of
cyclic, bedded claystones or silty claystones and thin
sandstones (Fig. 17). This unit is also characterized by a
well-developed composite cyclicity. At Tait Bjerg the
thickest cycles are about 4.5 m, intermediate cycles arc
1.5 m thick, and minor cycles are about 0.3 m thick. The
dominant facies in the cycles is red or violet claystone, or
silty claystone with horizontal lamination. Commonly
violet claystones are overlain by more silty, redbrown
claystones. These claystones contain sandstone laminae.
thin paleosols, and some intraformational conglomerates
with bone fragments (Fig. 17); occasionally more com-
plete vertebrate remains are found in these deposits. The
sandstones (2-5 cm thick), which represent the top of the
cycles, weather to a grayish or greenish color; they are
characterized by small-scale, wave-formed or current-
formed cross lamination and more rarely large-scale, cur-
rent-formed cross lamination. Upper bedding planes fre-
quently contain desiccation features, wave ripple marks,
and dinosaur tracks. Sole surfaces contain abundant
fresh-water trace fossils (Bromley & Asgaard 1979). Na-
tive copper occurs in two relatively thick sandstones at
the base of the unit (Thomassen er al. 1982). Wave
ripples in the sandstones trend dominantly ESE-WNW
with a subordinate number trending NE-SW (see also
Clemmensen 1980a). These data indicate deposition in a
shallow or ephemeral lake influenced by predominant
winds from the NNE. Apparently the center of the lake
was situated NW of the study area in the region of
modern day Fleming Fjord.
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The cyclic pattern of the Carlsberg Fjord beds is evi-
dence that depositional conditions in the basin continued
to be controlled by Milankovitch-type fluctuations in
climate (sensu Olsen 1986). Thus, the violet claystones
probably formed in a subaqueous environment during
periods of relatively high water level in the basin with a
humid climate, whereas the redbrown claystones may
indicate deposition during a lower water level in the basin
with a more arid climate. The sandstones primarily seem
to represent lacustrine sand flat deposits and probably
formed during periods of increased run-off to the basin
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Fig. 17. Sedimentary log of a bone bed and associated deposits
in the lowermost part of the @rsted Dal Member (Carlsberg
Fjord beds). western slope of Tait Bjerg. The bone bed yielded
two mammalian premolariform teeth (MCZ Field No. 62/91G
No. 1, No. 2) as well as theropod. prosauropod and ?phytosaur
teeth, amphibian dermal armor. coprolites and fish remains.

Meddelelser om Grgnland, Geoscience 32 - 1994



during a transition from an arid to a humid climate. From
data on cycle thickness it may be estimated that the
Carlsberg Fjord beds accumulated either over a period of
about 2.8 million years, or over a period of about 11
million years (Table 1).

The carbonate-bearing Tait Bjerg Beds were only
briefly examined during the 1991 and 1992 sediment-
ological studies along Carlsberg Fjord. The beds are
composed of cyclically bedded, dark, clastic mudstones
and lightgrey or yellowish, impure limestones or dolom-
itic limestones and clastic sandstones. The unit has a
thickness of 50-60 m along the western side of Carlsberg
Fjord. Preliminary data on this unit indicate composite
cyclicity with prominent cycles having a thickness of
about 5 m. Dinosaur tracks were observed on several
bedding planes. The cyclicity of the Tait Bjerg Beds
records their formation during regular, climatically re-
lated variations in lake level. Periodic marine flooding of
the basin throughout this time interval was suggested by
Clemmensen (1980a,b). No unequivocally marine macro-
fossils were found in the Tait Bjerg Beds; a more defin-
itive conclusion on the salinity of the basin water must
await the results of micropaleontological analyses.

At Gipsdalen, 50 km NW of Tait Bjerg, the Fleming
Fjord Formation is likewise composed of a basal Edder-
fugledal Member (40 m thick), a middle Malmros Klint
Member (60 m thick) and an uppermost @rsted Dal Mem-
ber (180 m thick) (Fig. 2). The cliff-forming, sand-rich
lower unit of the Malmros Klint Member is much thinner
here, whereas the upper, clay-rich unit of the Malmros
Klint Member has increased in thickness, probably in-
dicating that this part of the basin was close to the lake
center during deposition of the Malmros Klint Member.
The overlying @rsted Dal Member is here composed of a
basal, relatively coarse-grained siliciclastic unit, the
Bjergkronerne beds, and an overlying, thin and poorly
exposed, carbonate-rich unit, the Tait Bjerg Beds. The
Bjergkronerne beds are about 170 m thick and composed
of cyclically interbedded fluvial or delta distributary
channel sandstones (light grey) and clay-rich lacustrine
deposits (red or variegated). The most prominent cycles
have a thickness of about 7 m and probably reflect climat-
ically controlled fluctuations in precipitation and fluvial
discharge. Paleocurrent data indicate that fluvial dis-
charge was towards the E and SE. The Bjergkronerne
Beds display an overall coarsening upward trend in grain
size that indicates that the fluvial system was prograding
probably in relation to a long-term climatic change.

Conclusions

The Late Triassic Fleming Fjord Formation preserves a
diverse vertebrate fauna now known to include mammals,
reptiles (prosauropod and theropod dinosaurs, turtles,
pterosaurs and aetosaurs), amphibians (plagiosaurids,
capitosaurs) and fishes (including lungfish, coelacanths,
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actinopterygians and sharks). Initial identifications of
fossil tetrapod taxa support the interpretation that the
fauna is predominantly European in aspect and that the
upper part of the formation, principally the @rsted Dal
Member, is of Norian age. The cyclicity of depositional
conditions, and the inferred climatic fluctuations, are
consistent with the diversity of the faunal representation
which ranges from both small and large sized terrestrial
animals to abundant amphibians and obligatorily aquatic
forms.
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A “deep” ice core from East Greenland

SIGFUS J. JOHNSEN, HENRIK B. CLAUSEN, WILLI DANSGAARD, NIELS S. GUNDESTRUP,
MARGARETA HANSSON, PETER JONSSON, JORGEN P. STEFFENSEN and ARNY E.
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Johnsen, S. J., Clausen, H. B., Dansgaard, W., Gundestrup, N. S.. Hansson, M.,
Jonsson, P., Steffensen, J. P. & Sveinbjgrnsdottir, A. E. 1992. A “deep” icc core
from East Greenland. Meddr Gregnland, Geosci. 29, 22 pp. Copenhagen 1992-11-24.

Pilot studies on the Renland peninsula in Scoresbysund Fjord, East Greenland,
indicated that the relatively small and separate Renland ice cap meets most of the
criteria defining a favourable ice-core drill-site. In 1988, a Nordic expedition reco-
vered a continuous surface-to-bedrock ice core from the summit. This relatively short
core reaches deep into the past, probably throughout the last glaciation and through
most of the preceding interglacial, Eem, 125,000 years B.P. The core contains
detailed information on temporal changes of the coastal environment, and serves as a
valuable complement to the new deep ice cores being drilled in Central Greenland.
Corc analyses suggest that (1) during Ecmian time the East Greenland climate was at
least 5°C warmer than now, and the precipitation 20% higher; (2) during the last
glacial period, the precipitation decreased to a minimum, perhaps only 20% of the
present value; (3) the post-glacial climatic optimum was 2.5°C warmer than now; (4)
the long-term variability of the record is relatively low, due to isostatic movements in
the arca; and (5) from 70,000 years B.P., the Greenland glacial climate alternated
between two quasi-stable stages. The latter point may reflect a chaotic featurc of
climate. If so, climate predictions will be difficult to access.

S. J. Johnsen and A. E. Sveinbjprnsdottir, Science Institute, University of Iceland,
IS-107 Reykjavik, Iceland.

H. B. Clausen, W. Dansgaard, N. S. Gundestrup and J. P. Steffensen, Geophysical
Institute, University of Copenhagen, Haraldsgade 6, Copenhagen 2200, Denmark.

M. Hansson, Department of Meteorology, Stockholm University, S-10691 Stock-
holm, Sweden, and Geophysical Institute, University of Copenhagen, Haraldsgade 6,
Copenhagen 2200, Denmark.

P. Jonsson, Department of Technical Geology, Technical University of Lund,
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Plant and arthropod remains from the palaeo-
Eskimo site on Qeqertasussuk, West Greenland

JENS BOCHER & BENT FREDSKILD
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Bocher, J. & Fredskild, B. 1993. Plant and arthropod remains from the palaeo-
Eskimo site on Qeqgertasussuk, West Greenland. -~ Meddr Grgnland, Geosci., 30,
36 pp. Copenhagen 1993-04-30.

Samples from the excavation of a palaeo-Eskimo site, settled ca. 3900-3100 C yrs
BP on a raised beach, were analyzed for pollen and botanical and entomological
macro-remains.

In the dwelling area the original vegetation of grasses and Saxifraga spp. was
covered by thick culture layers; under the midden Elymus mollis formed the original
vegetation. During short uninhabited periods different grasses dominated. Following
the termination of the habitation a mossy heath spread over the area.

The sediments contained abundant well-preserved fragments of insects and other
arthropods. Besides oribatid mites, spiders and fly puparia, remains of beetles are
predominant. Micralymma brevilingue plays a prominent role, but also Simplocaria
metallica, Byrrhus fasciatus and the heteropteron Nysius groenlandicus are fairly
numerous. A former warm period is indicated by the finds of species at or well north
of their present northern limit.

The succession of arthropod assemblages agrees with the palaeobotanical and
archaeological evidences. The fauna indicates the transition from typical arctic condi-
tions: few species and low density, to stages with much higher diversity and density
following fertilization, but also to stages of inferior conditions for plants and insects
as a result of intensive human activity.

A lake Pollen diagram shows that after a short pioneer zone first Salix glauca, then
ca. 6400 “C yrs BP, Betula nana immigrates. Shortly before 3000 BP more cool/humid
conditions are indicated in accordance with the general trend in the Holocene
climatic development of West Greenland, which is briefly discussed and summarized.

Jens Bocher, Zoological Museum, University of Copenhagen, Universitetsparken 15,
DK-2100 Kgbenhavn Q.
Bent Fredskild, Botanical Museum, University of Copenhagen, Gothersgade 130,
DK-1123 Kpbenhavn K.

Report from the Qegertasussuk Project No. 1.
Key words:

Palaeo-Eskimo, palaeo-ecology, palaeo-botany, palaeco-entomology, palaeo-climate,
pollen-analysis



Acanthostega gunnari, a Devonian tetrapod from
Greenland; the snout, palate and ventral parts of the
braincase, with a discussion of their significance
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Clack, J. A. 1994. Acanthostega gunnari, a Devonian tetrapod from Greenland; the
snout, palate and ventral parts of the braincase, with a discussion of their significance.
- Meddelelser om Grgnland, Geoscience 31, 24 pp. Copenhagen 1994-04—19.

The snout, including the naris and choana, and the palate, ventral parts of the braincase
and suspensorium of Acanthostega gunnari are described from three-dimensional
specimens and sections. The naris is low on the snout, and the choana and vomerine
dentition resemble those of osteolepiform fishes. The braincase is ossified in two
portions in ventral view, with the ventral cranial fissure still evident. Dorsally, how-
ever, the otic region and sphenethmoid are co-ossified, so there was no movement
possible between them. The palate is “closed” as in osteolepiforms and primitive
tetrapods, and the parasphenoid is grooved as in some osteolepiforms. It is argued that
the low naris and divided braincase represent the primitive condition for tetrapods, and
that the condition of the naris and choana most closely resemble those of pander-
ichthyiid fishes among sarcopterygians.

Key words:
Devonian, tetrapod, Acanthostega, snout, palate, braincase, choana, naris.

J. A. Clack, University Museum of Zoology, Downing Street, Cambridge, CB2 3EJ UK.
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Instructions to authors

Two copies of the manuscript, each complete with illustra-
tions, tables, captions, etc. should be sent to the Secretary,
Kommissionen for videnskabelige Undersggelser i Grgn-
land. Manuscripts will be forwarded to referees for eval-
uation. Authors will be notified as quickly as possible about
acceptance, rejection, or desired alterations. The final deci-
sion on these matter rests with the editor.

Manuscripts corresponding to less than 16 printed pages
(of 6100 type units) including illustrations are not accepted,
unless they are part of a special theme issue. Manuscripts
that are long in relation to their content will not be accepted
without abridgement.

Manuscript

Language. — Manuscripts should be in English (preferred
language), French, or German. Authors who are not writing
in their native language must have the language of their
manuscript corrected before submission.

Place names. — All Greenland place names used in the text
and in illustrations must be names authorised by The Green-
landic Language Committee. Authors are advised to submit
sketch-maps with all required names to the Secretary for
checking before the manuscript is submitted. Names of
Greenland localities outside the area with which the paper is
concerned should be accompanied by coordinates (longitude
and latitude).

Title. — Titles should be as short as possible, with emphasis
on words useful for indexing and information retrieval.

Abstract. — An abstract in English must accompany all pa-
pers. It should be short (no longer than 250 words), factual,
and stress new information and conclusions.

Typescript. — Typescripts must be clean and free of hand-
written corrections. Use double spacing throughout, and
leave a 4 cm wide margin on the left hand side. Avoid as far
as possible dividing words at the right-hand end of a line.
Consult a recent issue for general lay-out.

Page 1 should contain 1) title, 2) name(s) of author(s), 3)
abstract, 4) key words (max. 10), 5) author’s full postal
address(es). Manuscripts should be accompanied by a table
of contents, typed on separate sheet(s).

Underlining should only be used in generic and species
names. The use of italics in other connections can be in-
dicated by wavy line in pencil under the appropriate words.

Use at most three grades of headings, but do not underline.
The grade of heading can be indicated in soft pencil in the
left hand margin of on® copy of the typescript. Avoid long
headings.

Floppy disc. — It may be helpful in the printing procedure if,
in addition to the hard copies, the manuscript is also sub-
mitted on a DOS-formatted floppy disc. However, editing
will be made on the hard copy, and the text file on the disc
must be identical to the final version of the manuscript.

References. — References to figures and tables in the text
should have the form: Fig. 1, Figs 2—4, Table 3. Biblio-
graphic references in the text are given thus: Shergold (1975:
16) ... (Jago & Daily 1974b).

In the list of references the following style is used:

Boucot, A. J. 1975. Evolution and extinction rate controls. —
Elsevier, Amsterdam: 427 pp.

Sweet, W. C. & Bergstrom, S. M. 1976. Conodont bio-
stratigraphy of the Middle and Upper Ordovician of the
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Association symposium, Birmingham, September 1974:
121-151. University of Wales Press.

Tarling, D. H. 1967. The palaeomagnetic properties of some
Tertiary lavas from East Greenland. — Earth and Planetary
Science Letters 3: 81-88.

Meddelelser om Grgnland, Geoscience (Bioscience, Man &
Society) should be abbreviated thus: Meddr Grgnland, Ge-
osci. (Biosci., Man & Soc.)

Illustrations

General. — Submit two copies of all diagrams, map, pho-
tograph, etc., all marked with number and author’s name.
Normally all illustrations will be placed in the text.

All figures (including line drawings) must be submitted as
glossy photographic prints suitable for direct reproduction,
and preferably have the dimensions of the final figure. Do
not submit original artwork. Where appropriate the scale
should be indicated on the illustration or in the caption.

The size of the smallest letters in illustrations should not
be less than 1.3 mm. Intricate tables are often more easily
reproduced as text figures than by type-setting; when letter-
ing such tables use “Letraset” or a typewriter with carbon
ribbon.

Colour plates may be included at the author’s expense, but
the editor must be consulted before such illustrations are
submitted.

Size. — The width of figures must be that of a column (76.5
mm), 1% columns (117 mm), or a page (157 mm). The
maximum height of a figure (including caption) is 217 mm.
Horizontal figures are preferred. If at all possible, fold-out
figures and tables should be avoided.

Caption. — Captions to figures must be typed on a separate
sheet and submitted, like everything else, in duplicate.

Proofs

Authors receive two page proofs. Prompt return to the editor
is requested. Only typographic errors should be corrected in
proof; the cost of making alterations to the text and figures at
this stage will be charged to the author(s).

Twenty-five copies of the publication are supplied free, fifty
if there are two or more authors. Additional copies can be
supplied at 55% of the retail price. Manuscripts (including
illustrations) are not returned to the author after printing
unless specifically requested.

Copyright

Copyright for all papers published by Kommissionen for
videnskabelige Undersggelser i Grgnland is vested in the
Commission. Those who ask for permission to reproduce
material from the Commission’s publications are, however,
informed that the author’s permission must also be obtained
if the person is still alive.
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