










































early Norian, contra Wild ( 1989) who cited the lower 
Stubensandstein as middle Norian . 

The Fleming Fjord amphibians add further evidence 
for a Norian age of the upper Malmros Klint and 0rsted 
Dai Members. Although plagiosaurids occur throughout 
the Triassic and have been found in Europe, Asia and 
Australia (Shishkin 1967, 1986b; Warren 1985), species 
of Gerrothorax have only been reported from the middle 
part of the so-called "Rhaetic" layers in Scania (Nilsson 
1934, 1937, 1946; G. rhaeticus) and from the Stuben­
sandstein of Pfaffenhofen, Wtirttemberg (Fraas 19 I 3b; 
von Huene 1922; Nilsson 1937; G. p11lcherrim11s). Simi­
larly, among capitosaurids, which range throughout the 
Laurasian Triassic, a closely related group of Cyclotosa11-
rus species (C. rob11st11s, C. ebrachensis, C. hemprichi, C. 
post/11111111s) are all from the middle or upper Keuper 
(Welles and Cosgriff 1965; Inga vat & Janvier 1981 ). The 
apparent presence of Gerrotlwrax p11/cherrim11s and Cy­
clotosaurus postlw11111s in the upper part of the Fleming 
Fjord Formation duplicates their co-occurrence in the 
Stubensandstein (upper middle Keuper). 

Among early pterosaurs, the most complete specimens 
are from deposits of Norian age in northern Italy, and are 
represented by the relatively advanced genus Eudi111or­
p/10do11 as well as such primitive forms as Petei11osa11rus 
and Preondacty/11s (Zambelli 1973; Wild 1978, 1983, 
1984 ). Fragmentary pterosaurian material, including iso­
lated teeth referrable to E11dim017Jlwdo11?, have also been 
reported from North America in the Late Triassic 
Dockum (Murry 1986) and possibly in the Chinle Forma­
tion as well (Jacobs & Murry 1980). Murry ( 1989) sub­
sequently noted that a mandibular fragment and an in­
complete maxilla from the Dockum were comparable to 
that in E11di111017J/10do11; on the basis of palynological 
data, he interpreted the Dockum material as Carnian in 
age. The presence of a pterosaur in the Greenlandic Late 
Triassic lends further credence to Fraser & Unwin ' s 
( 1990) contention that the initial radiation of this group 
took place during the Triassic, rather than in the Jurassic 
as had been previously generally believed. 

The preponderance of vertebrate fauna! evidence thus 
favors a Norian age for at least part of the upper Fleming 
Fjord Formation. It is not possible on the basis of the 
known stratigraphic distribution of taxa to determine 
whether the uppermost part of the 0rsted Dai Member 
(i.e., Tait Bjerg Beds) is Rhaetic, or to what extent the 
Malmros Klint Member may extend into the Carnian. On 
the basis of diverse evidence, Olsen et al. ( 1993) estimate 
the Triassic-Jurassic boundary to be at approximately 
201 .5 Ma, the Rhaetian-Norian boundary at 207-208 Ma, 
and the Carnian-Norian boundary at 217 Ma. If the Flem­
ing Fjord vertebrate fauna is recognized as equivalent to 
that of a Stubensandstein-Knollenmergel assemblage, 
and thus middle to late Norian, we hypothesize the age of 
this fauna to be approximately 208-212 Ma. 

Despite these uncertainties, the documented associ­
ation of mammals with a number of other well known 
Late Triassic vertebrate taxa is important. Furthermore, 
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the stratigraphically lower of the two mammalian local­
ities, which on present evidence is Norian in age, repre­
sents one of the earliest known occurrences of mammals. 
Most early mammalian fossils, particularly the best repre­
sented forms (Morga1111codo11tidae, Kuelmeotheriidae), 
are from deposits of either Early Jurassic or Rhaetic age 
(Clemens 1986). Well substantiated pre-Rhaetic occur­
rences are few. Fraser, Walkden & Stewart (1985) in­
terpreted the English Emborough fissure deposit contain­
ing K11eh11eotheri11111 teeth to be Norian, but subsequently 
there has been a lack of consensus on the relative stra­
tigraphical position of this and other mammal-bearing 
European localities (Buffetaut & Martin 1985; Hahn. 
Sigogneau-Russell & Wouters 1989). A partial skull from 
the Tecovas Member of the Dockum Formation has been 
interpreted by Lucas & Luo (1993) as a primitive mam­
mal principally of the basis of basicranial features; the 
age of this specimen (late Carnian) may well predate that 
of most other early mammalian specimens but its phylo­
genetic relations are not fully known. In contrast, the 
premolariform teeth from the lower part of the 0rsted Dai 
Member are unequivocal in their mammalian morpho­
logy and in their association with Norian taxa. 

Depositional environments and 
climates 
Clemmensen ( l 980a,b) interpreted the Middle and Late 
Triassic sediments of the Jameson Land Basin as princi­
pally lacustrine, or occasionally lagoonal, deposits (Fig. 
2). The Fleming Fjord Formation, which is very well 
exposed along the western side of Carlsberg Fjord and in 
Bjergkronerne, was restudied during the 1991 and 1992 
field seasons. 

At Tait Bjerg along Carlsberg Fjord the formation has a 
thickness of 340 m and is composed of a basal Edder­
fugledal Member, a middle Malmros Klint Member and 
an upper 0rsted Dai Member (Clemmensen 1980b; Fig. 
2). The Edderfugledal Member is here composed of cy­
clically bedded dolostones, stromatolites and elastic de­
posits that presumably formed in an ephemeral lake sub­
ject to rare marine flooding . This unit, however, has not 
yielded any significant finds of tetrapods and was there­
fore not restudied in detail. 

The Malmros Klint Member is composed of cyclically 
bedded, red-brown mudstones and fine-grained sand­
stones, and along the western side of Carlsberg Fjord 
these deposits often form nearly vertical cliffs of ea. 130 
111. The member can be divided into a lower sand-rich unit 
and an upper clay-rich unit (Fig. 2). The member is 
characterized by a composite cyclicity, and five orders of 
cycles have been recognized at Tait Bjerg. The thickest 
are the first-order cycles which are approximately 25 m 
thick . Next in the hierarchy are the second-order cycle~ 
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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 
I 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 I. 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 11 m.y. 1 2.4-3.1 m.y. 2 

Malmros Klint Mb 130 m 9 m.y.1 2.1-2.7 m.y. 2 

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

2Assuming 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 I). 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 0rsted Dai Member in the region between Carls­
berg Fjord and Fleming Fjord is composed of a basal 
elastic unit, here informally termed the Carlsberg Fjord 
beds, and an overlying unit of mixed elastics 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 0.3 111 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 et 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 hy Milankovitch-type fluctuations in 
climate (se11s11 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 

m 
5 

CIA Y SILT SAND CGL 

Fig. 17. Sedimentary log of a bone bed and associated deposit; 
in the lowermost part of the 0rsted Dai Member (Carbbcrg 
Fjord beds). western slope of Tait Bjerg. The bone bed yielded 
two mammalian premolariform teeth (MCZ Field No. 62/91 G 
No. I, No. 2) as well as theropo<l. prosauropod and ?phyto,aur 
teeth, amphibian dermal armor. coprolites and fish remains. 
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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 I). 

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, elastic mudstones 
and lightgrey or yellowish, impure limestones or dolom­
itic limestones and elastic 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 ( l 980a,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 0rsted Dai 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 0rsted Dai 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 7 111 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 0rsted Dai 
Member, is of Norian age. The cyclicity of depositional 
conditions, and the inferred climatic fluctuations, are 
consistent with the diversity of the fauna! 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 
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Johnsen, S. J., Clausen, H. B . , Dansgaard, W., Gundestrup, N. S .. Han~son. M . . 
Jonsson, P., Steffensen, J. P. & Sveinbj0rnsdottir, A. E. 1992. A "deep" ice core 
from East Greenland. Meddr Gr0nland, 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 informa~ion on temporal changes of the coastal environment, and serves as a 
valuahlc complement to the new deep ice cores being drilled in Central Greenland. 
Core analyses suggest that (I) 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 
prc~cnt value; (3) the post-glacial climatic optimum was 2.5°C warmer than now; (4) 
the long-term variahility of the record is relatively low. due to isostatic movement~ in 
the area; and (5) from 70,000 years 8 .P., the Greenland glacial climate alternated 
between two qua~i -stablc stages. The latter point may reflect a chaotic feature of 
climate. If so. climate predictions will he difficult to access. 
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Plant and arthropod remains from the palaeo­
Eskimo site on Qeqertasussuk, West Greenland 
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Bacher, J. & Fredskild, B. 1993. Plant and arthropod remains from the palaeo­
Eskimo site on Qeqertasussuk, West Greenland . - Meddr Gr0nland, Geosci., 30, 
36 pp. Copenhagen 19~3-04-30. 

Samples from the excavation of a palaeo-Eskimo site, settled ea. 3900-3100 14C 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 
metal/ica, 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 .P,ollen diagram shows that after a short pioneer zone first Sa/ix g/auca, then 
ea . 6400 1 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 Bacher, Zoological Museum, University of Copenhagen, Universitetsparken 15, 
DK-2100 K~benhavn @. 
Bent Fredskild, Botanical Museum, University of Copenhagen, Gothersgade 130, 
DK-1123 K~benhavn K. 

Report from the Qeqertasussuk Project No . I. 
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Palaeo-Eskimo, palaeo-ecology, palaeo-botany , palaeo-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. Aca111/10stega g111111ari, a Devonian tetrapod from Greenland; the 
snout, palate and ventral parts of the braincase, with a discussion of their significance. 
- Meddelelser om Grl!lnland, 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 Acamhostega gwmari 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, Aca11tlwstega, snout, palate, braincase, choana, naris . 
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