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The Kap K0benhavn Formation: stratigraphy and 
palaeobotany of a Plio-Pleistocene sequence in 
Peary Land, North Greenland 

OLE BENNIKE 

Bennike, 0. 1989. The Kap K0benhavn Formation: stratigraphy and palaeobotany of 
a Plio-Pleistocene sequence in Peary Land, North Greenland. Meddr Gr0nland, 
Geosci. 23, 85 pp. Copenhagen 1990-12-7. 

The Kap K0benhavn Formation in eastern Peary Land, latitude 82°30'N, comprises 
essentially two facies: silt and sand. The former was deposited in sublittoral envi
ronments below wave base, and contains i11 situ marine faunas, while the latter was 
deposited in the littoral zone: in the backshore, foreshore and shoreface. Part of this 
facies was deposited near river mouths, and contains allochthonous remains of 
freshwater and terrestrial organisms. Virtually all major groups of plants and animals 
are represented in the formation. This paper deals mainly with remains of vascular 
plants. 

Seeds, fruits and leaves of c. 60 taxa show that the area was vegetated by forest
tundra growing in a humid subarctic climate. Boreal upland plants include Larix 
groe11/a11dii sp. nov., an extinct species which was the dominant tree, Picea maria11a, 
Thuja occide111alis, Betula alba, Taxus, Al11us, Myrica arctoga/e sp. nov., Com us spp. 
and Viburnum. Tundra plants include Dryas octopetala, Oxyria digy11a, Betula 11a11a, 
Sa/ix reticulata and Vacci11ium uligi11osum ssp. microphyllum. A number of wet land 
habitats existed in the area; they supported e.g. Aracites globosa comb. nov. The 
largest tree trunk measures 18 cm in diameter, and growth rings are extremely narrow 
and variable. The pollen flora, which is dominated by Betula, comprise only a minor 
part of arboreal pollen, indicating that trees were of minor importance in the regional 
vegetation. Many of the species represented in the assemblage are of modern circum
polar range, but the flora shows a marked affinity to the modern North American 
flora. 

Biostratigraphical correlations of mammals, foraminifers, molluscs and ostracodes, 
supplemented by palaeomagnetic work, show that the sequence is 2 to 2.5 Ma 
(million years) in age (Plio-Pleistocene). The vascular plant flora resembles Neogene 
floras from the Arctic Ocean borderland, notably that from the Beaufort Formation 
on Meighen Island in northernmost Canada. 

The flora and vegetation point to a much warmer climate at the Plio-Pleistocene 
boundary than today. By extrapolation of the climatic interpretations it is suggested 
that the Inland Ice of Greenland did not exist at this time, and that the Arctic Ocean 
was not covered by perennial sea ice. 

O/e Be1111ike, Geological Museum, U11iversity of Cope11hage11, (!)ster Voldgade 5-7, 
DK-/350 Cope11hage11 K, De11mark 

Eastern Peary Land was not explored by Europeans 
until the arrival in 1907 of the "Danmark-Ekspeditionen 
til Gn1lnlands Nord0stkyst 1906--08", during which "Kap 
Kjobenhavn" was named (I. P. Koch 1916, fig. 43). In 
1921 Lauge Koch travelled around Peary Land (L. 
Koch 1926, 1928) and made astronomical observations 
from a hill in the area. He erected a small cairn on this 
hill, which incidentally is composed of the Kap K0ben
havn Formation. 

published by Davies (1963, fig. 4 and 1972, fig. 11). 
Both are close to localities 120 and 122 of this work. 

In 1979, during mapping for the Geological Survey of 
Greenland (Gr0nlands Geologiske Unders0gelse, 
GGU), S. Funder discovered the Kap K0benhavn se
quence (Funder & Hjort 1980; Fig. 1). At first the 
sequence was assigned a Late Quaternary interglacial 
age, but analyses of benthonic foraminifers indicated a 
Late Pliocene and Early Pleistocene age (Funder et al. 
1985b). Later the area was briefly visited by Troelsen (1952) 

and Davies (1963). They followed Koch (1928) in re
garding the elongated hills of the area as former mo
raines marking the maximum extent of the Inland Ice. 
Two photographs from the Kap K0benhavn area were 
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Two samples containing organic detritus from this 
expedition were analysed by Fredskild & R0en (1982) 
and Mogensen (1984). These samples contained several 
southern extralimital taxa. 
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GREENLAND 

500 km 

Fig. I. Map of Greenland showing the location of Kap K0ben
havn in eastern Peary Land, North Greenland. l: Independ
ence Fjord. 2: Station Nord. 

The sequence was briefly revisited in 1980 by C. 
Marcussen and the author as members of the GOU 
expedition to North Greenland. Samples were collected 
for palaeomagnetic studies (Marcussen 1981), and the 
type section of the formation was examined. 

In the summer of 1983 most of the area covered by 
the formation was investigated by four geologists and 
two biologists and subsequently the Kap K0benhavn 
Formation was formally named (Funder et al. 1984). 
Some other preliminary results from this expedition 
visit are published in Funder et al. (1985b), Bennike 
(1985). Feyling-Hanssen (1986. 1987), K. S. Petersen 
(1986) . 

In 1986 the entomologist Jens Bocher and the author 
supplemented the earlier work (Bennike 1987a). By 
now virtually the whole area covered by the formation 
(c. 300 km1) has been surveyed . 

4 

Various aspects of the Kap K0benhavn Formation 
have been dealt with in popular accounts (Bennike 
1987b, 1988, Funder 1984a, 1984b, Funder et al. 1985a, 
1988). 

Prior to the 1950's the pre-Holocene Late Cainozoic 
history of Greenland was almost completely unknown. 
The first "infinite" radiocarbon dates on shells were 
from the Thule area (Suess 1954), and subsequently 
pre-Holocene deposits were found to be widespread in 
Greenland (reviewed by Funder 1989). In 1978 a Plio
Pleistocene sequence, later named the Lodin Elv For
mation was discovered in East Greenland (Feyling
Hanssen et al. 1983). 

On the other hand, the youngest Tertiary deposit 
known from Greenland is of Miocene age (Hassan 
1953), and this occurrence, the Kap Brewster Forma
tion, provides no evidence on the terrrestrial flora and 
vegetation . The Kap K0benhavn Formation discussed 
here throws light on both the marine , terrrestrial and 
limnic environments at the Plio-Pleistocene boundary 
and therefore fills a marked gap in the geological record 
of Greenland. 

Some Late Cainozoic deposits from Canada and 
Alaska may correlate with the Kap K0benhavn Forma
tion, but it must be stressed that Alaska and northwest 
Canada are situated between 60° and 70°N, much fur
ther south than Kap K0benhavn at 82°30'N. Different 
environments are to be expected at these localities in 
the past, just as today. 

This work deals in detail with the stratigraphical, 
sedimentological and palaeobotanical aspects of the 
Kap K0benhavn Formation. 

The pioneering works on Quaternary terrestrial and 
limnic palaeobiology were based on macrofossils (Man
nion 1986), but with the introduction of pollen analysis 
in the early twentieth century studies involving macro
fossils have been somewhat neglected. In recent years, 
it is becoming clear that all types of plant remains 
should be studied. 

This study concentrates on seeds, fruits, cones, 
leaves, twigs and wood, with only minor attention paid 
to pollen and spores. Such macrofossils are valuable 
because they can generally be identified to lower taxo
nomic levels than microfossils , often to species level. 
Also, insect-pollinated , autogamous and vegetatively 
reproducing plant species are not especially poorly re
presented as they are in pollen spectra . 

Most studies of macroscopic plant remains within the 
Quaternary have been on peat and lake deposits (H. H. 
Birks 1980). where in the remains are of very local 
origin. and upland plants are sparsely represented (e.g. 
Greatex 1983). In the Kap K0benhavn Formation, how
ever. which was deposited in near-shore coastal marine 
environments . upland plants are well represented. al
though aquatic and semi-aquatic plants are undoubtedly 
overrepresented. Despite this bias. the fossils discussed 
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in this paper provide critical palaeoenvironmental in
formation for a time when Greenland was much differ
ent from at present. 

Geological and environmental 
setting 

Bedrock geology and topography 
To the west of Kap K0benhavn extensive areas are 
covered by the Peary Land Group, which is dominated 
by siltstone and sandstone turbidites of Silurian age 
(Hurst & Surlyk 1982). This unit is overlain with angu
lar unconformity by the Wandel Sea Basin sequence, 
which in eastern Peary Land northwest of Kap K0ben
havn comprises a variety of Late Palaeozoic and Meso
zoic strata . Many different rock types are present, in
cluding sandstone, conglomerate, limestone, chert and 
shale (Hakansson 1979) . The base of the Kap K0ben
havn Formation is nowhere exposed, but the formation 
is assumed to rest on the rocks of the Wandel Sea Basin 
sequence . 

Opposite Independence Fjord (Fig. 1) is a large area 
of Proterozoic plateau basalts, the Zig-Zag Dai Basalt 
Formation (Jepsen et al. 1980). This formation overlies 
the Independence Fjord Group which consists of sand
stones containing numerous igneous intrusive rocks 
(Jepsen & Kalsbeek 1979) . 

The area around Kap K0benhavn and Mudderbugten 
(Fig. 2) forms part of the coastal plain which extends 
along the east and north coast of Peary Land. It has a 
width of 20-30 km and consists of hilly areas and plains. 
Some of the hills in the Kap K0benhavn area are elon
gate and represent thrust floes of the Kap K0benhavn 
Formation (Funder & Hjort 1980). The highest hill re
aches a height of c. 230 m. To the west of Kap K0ben
havn the landscape rises gently , but remains of low 
relief. 

Numerous brooks and brooklets which originate in 
local snow drifts run through the Kap K0benhavn area. 
The only large stream is Ladegardsaen which begins in 
Kim Fjelde. an area of low mountains to the northwest 
of Kap K0benhavn . Lakes and ponds are rare in most of 
the area . 

Present vegetation, flora and climate 

The vegetation is high arctic (Holmen 1957) . It exhibits 
a zonal development from the coast inland . Along the 
coast of northeastern Peary Land is a narrow fringe of 
land where the soil is wet throughout the summer, but 
the vegetation is extremely depauperate , being domi
nated by algae , lichens and mosses. Some 20 species of 
herbs form a very low cover, the most common are 
Saxifraga oppositifolia L. and Papaver radicatum Rottb . 
coll. Woody plants are entirely absent. 
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Inland from this zone Sa/ix arctica Pall . and Dryas 
make their appearance, along with a number of herbs. 
Wet soil with an organic crust of algae and lichens is no 
longer continuous. 

In a sheltered area protected from coastal fog and 
wind between Kim Fjelde and Ladegardsaen small 
patches of Cassiope tetragona (L.) D. Don heaths and 
sedge meadows of Carex stans Drej. and Eriophorum 
scheuzeri Hoppe are frequent. This area also has the 
most diverse flora which includes c. 60 species of vascu
lar plants . The soil in this area is gravelly with a mosaic 
of dry and wet sites. 

Small patches of closed vegetation occur in connec
tion with manured soil, which occurs around lemming 
nests, around old, decayed musk-ox carcasses and 
around bird stones . In areas with sandy soil vegetation 
is almost lacking. Permanent snow-fields are rather rare 
in the lowland areas, but more common in Kim Fjelde, 
where small glaciers also occur. The only water plants 
are Ranuncu/11s hyperboreus Rottb. and the semi-aq
uatic grass Pleuropogon sabinei R . Br. 

Based on the vegetation, the climate of the coastal 
fringe corresponds to that of the weather station at 
Station Nord , about 100 km to the southwest. Here the 
mean temperature for the warmest month is c. 3°C, and 
the mean temperature for the coldest month is c. 
- 31°C. The mean annual precipitation is around 250 
mm . Coastal fog is frequently encountered during the 
summer, and the cold summer climate of the coastal 
area is hostile to vegetation . The presence of small 
dwarf shrub heaths in the sheltered area mentioned 
above indicate a mean temperature for the warmest 
month of 3.5-4°C (Edlund 1983) . 

At Kap K0benhavn (82°30'N) the period with mid
night sun is 4.7 months long, and the period without sun 
4.5 months, taking refraction into account (Rasmussen 
1954). The long period of midnight sun compensates for 
the long and cold winter. 

Age estimate 
The age estimate of the Kap K0benhavn Formation is 
based primarily on biostratigraphy using mammals , fo
raminifers , molluscs and ostacodes, and secondarily on 
magnetostratigraphy. 

Notes on the Plio-Pleistocene 
Because the present disagreement on the age of the Plio
Pleistocene boundary has given rise to confusion about the 
dating of the Kap K0benhavn Formation , this controversy will 
be briefly reviewed . 

Estimates of the Plio-Pleistocene age have varied from c. 0.6 
Ma (million years) to more than 4 Ma (Haq et al. 1977). At the 
18th International Geological Congress in London 1948 it was 
recommended to place the boundary at the base of the Ca
labrian Stage in Italy (King & Oakley 1949). This stage is 
characterised by the appearance of so-called northern immi
grants. 
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The age of the Plio-Pleistocene boundary thus defined was 
first determined to c. 1.8 Ma, but it has been redetermined by 
palaeomagnetic stratigraphy (Tauxe et al. 1983) and by bio
stratigraphical correlation with deep sea cores (Backman et al. 
1983) to c. 1.6 Ma . However, much debate is still going on 
about the proper and exact place of the boundary and its age 
(e.g. Jenkins 1987). In northwest Europe the Plio-Pleistocene 
boundary is often placed around 2.5 Ma (e.g. Zagwijn & 
Doppert 1978, Mangerud 1986, Watts 1988). This suggestion is 
followed here . 

Mammals 

The mammalian remains were kindly identified by C. 
A . Repenning, and were discussed by Repenning et al. 
(1987). The remains include a tooth of a large species of 
the extinct rabbit Hypolagus and an upper jaw fragment 
referable to the extant hare Lepus, besides some in
determinable bone fragments. All remains come from 
sample GCI 56692, locality 119, unit 83. 

Hypolagus became extinct in Europe about 0.8 Ma 
ago, but the youngest record in North America, which is 
from Kansas, is 2.0 Ma old (Repenning 1984) . On the 
other hand, the oldest record of Lepus in North Amer
ica is from the 2.0 Ma old fauna from Kansas which also 
contains Hypolagus. The first record of the genus is in 
the Krestovka section in Siberia where Lepus appears 
about 2.3 Ma ago (Sher et al. 1979, Repenning et al. 
1987) . 

Thus, the simultaneom, occurrence of these Jago
morphs in the Kap K0benhavn Formation points to an 
age of 2.0 to 2.3 Ma for the upper part of the formation. 

Foraminifers 

The foraminifers are being studied by Feyling-Hanssen, 
who has published some preliminary results (Funder et 
al. 1985, Feyling-Hanssen 1986, 1987) . 

Member A (see later) usually contains fairly poor 
foraminiferal faunas, while unit B2 usually contains 
richer and taxonomically more diverse faunas . The fau
nas of the formation are divided into three assemblage 
zones. 

The lower zone which conforms with member A is 
termed the Nonion erucopsis zone. Besides Nonion eru
copsis Todd may be mentioned Cibicides grossa Ten 
Dam & Reinhold, an extinct species whose last appear
ance is fairly well dated in the North Sea Basin to about 
2.5 Ma (King 1983). The assemblages of this zone also 
show great similarity to Late Pliocene assemblages in 
borings from the central North Sea (Feyling-Hanssen 
1987). 

The middle zone, conforming with the upper part of 
unit BI and unit B2 of locality 50 and localities in the 
surrounding area northwards to localities 130 and 75 (in 
part), is named the Elphidiel/a rolfii zone. It is domi
nated by Nonion niveum Lafrenz, but characterised by 
E. rolfii Gudina & Palovova. Also present are rare 
specimens of Elphidiella ha1111ai (Cushman & Grant), a 
species which originated in the Pacific and immigrated 
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to the North Atlantic in the Pliocene, perhaps after the 
opening of the Bering Strait. In the North Sea Basin it is 
found in Pliocene and Early Pleistocene deposits, and it 
typifies littoral and inner sublittoral sediments of the 
Early Pleistocene (West et al. 1980) . 

The upper zone which conforms with unit 82 of local
ity 72, 124, 128- 129 and part of unit 82 of locality 75 is 
named the Elphidium excavatum zone. E. excavatum 
Terquem is a common foraminiferal species within the 
Quaternary. The assemblages of this zone are diverse, 
including e.g. Nonion niveum, N. orbiculare (Brady}, 
Elphidiella hannai and£. rolfii . Feyling-Hanssen ( 1987) 
correlates this zone with Early Pleistocene foraminiferal 
faunas from the North Sea and elsewhere. 

Thus the formaniferal assemblages are interpreted as 
indicating an age of ;?: 2.5 Ma for member A, and a 
somewhat younger age for member B. 

Molluscs 

The molluscs are being studied by S. Funder , K. S. 
Petersen and L. Simonarson. Some results have been 
published by Funder & Hjort (1980), Funder et al. 
(1984, 1985b, 1987) and Bennike (1987, 1989). 

Of particular importance to the age question is the 
occurrence of species which originated in the Pacific 
Ocean and immigrated to the Arctic and Atlantic 
Oceans with the first opening of the Bering Strait 
around 3 Ma ago, as dated in the Tjornes sequence of 
northern Iceland (Albertsson 1978, Gladenkov 1979). 
Among these species may be mentioned Muscu/11s nigra 
(Gray) which is present in member A, and from mem
ber B Serripes groe11/andic11s (Brugiere), Cardium cili
atum Fabricius , Macoma calcarea (Chemnitz) and Tri
chotropis bicarinata (Sowerby) (Durham & MacNeil 
1967). These molluscs provide an appoximate maximum 
age for the Kap K(l)benhavn Formation. 

The first appearance datums of a number of the spe
cies present is also of interest. The oldest record of 
Portlandia arctica (Gray) is from the Tjornes sequence. 
where it appears in the Horgi Formation dated to 
1.25- 2.1 Ma (Eiriksson 1981). In the Bering Strait re
gion it appears much later (Hopkins 1967) . Cyrtodaria 
kurriana Dunker first appears in Alaska in Beringian 
Beds (Hopkins 1967), presently dated to 3.()-2.7 Ma 
(Repenning & Brouwers in press) . Along the north 
coast of Siberia it first appears in the Early Pleistocene 
(Nesis 1965). Astarte borealis (Schumacher) has its ol
dest records in the Bering Strait region about 2. 7- 2.5 
Ma ago in Anvillian beds (Hopkins et al. 1974, Repen
ning & Brouwers in press) . In the East Anglian se
quence it first appeared about 2 Ma ago (Long & Cam
bridge 1988) . Macoma balthica (Linne) first occurs 
about 1.6 Ma ago in the North Sea area (Norton & 
Spaink 1973, Gibbard & Zalasiewicz 1988), and in 
Alaska probably about 2.4 Ma ago (Repenning et al. 
1987). 

It is also worthy of note that no extinct mollusc spe-
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Fig. 2. The Kap K0benhavn area , showing field localities, localities with in situ driftwood in unit 83 (marked by an asterisk) and 
place names mentioned in this paper. Locality numbers according to Funder (1983) and Bennike (1986) . Map based on 
orthophotos. 
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cies have so far been identified from the Kap K0ben
havn Formation. Early Pliocene faunas from the North 
Atlantic and North Pacific include 25-30 % extinct 
forms according to Gladenkov (1979). 

In conclusion , both member A and B contain mollusc 
species of Pacific origin and thus postdate the first open
ing of the Bering Strait at about 3 Ma ago . The occur
rence of several other species points to an age of prob
ably no more than 2-2.5 Ma. 

Ostracodes 
Marine ostracodes from the Kap KQlbenhavn Formation 
are being studied by E. M. Brouwers and N. 0 . JQlrgen
sen. The evidence from this group seems to support the 
other biostratigraphical evidence (E. M. Brouwers, 
pers . comm.) . 

Palaeomagnetism 
Due to difficulties of sampling the most fine-grained 
and hard sediments only parts of the Kap KQlbenhavn 
Formation have been investigated. These parts were 
deposited during a period of reversed polarity of the 
geomagnetic field , and a combined age estimate in the 
older part of the Matuyama chron , between 1.89 Ma 
(pre-Olduvai) and 2.48 Ma (post-Gauss) was suggested 
by Abrahamsen & Marcussen (1986) . 

It is concluded that the Kap KQlbenhavn Formation was 
probably deposited between 2 and 2.5 Ma ago, at the 
Plio-Pleistocene transition . It is difficult to evaluate the 
precision of this dating, but it rests to a great degree on 
the accuracy of datings of sections in other parts of the 
northern hemisphere, and on long distance correlations 
using events that are more or less time transgressive . 
Many species undoubtedly migrated southwards with 
the general Late Cainozoic climatic cooling, and thus 
appeared at an earlier date at Kap K0benhavn than 
further south . 

List of localities 
Below follows a list of important localities, with some 
brief comments. The numbers are not continuous as 
field numbers are retained . The numbering follows Fun
der ( I 983 , No. 7- 108) and Bennike (I 986, No. 119-
164) . The position of the localities is shown on Fig. 2. 

8 

7 - 20 m high sections along brook in member A . overlain 
by unit 81 towards the southwest. The boundary is at 
about 50 m a.s.l. (above sea level). Member A in this 
area consists of fine -grained. laminated mud. but also 
contains a lens of diamict sediment. 

15 - 20 m high sect ion at the northern edge of a low-lying 
plateau . 160 m a.s.l. Organic sand from this locality 
yielded extremely well preserved leaves of dwarf 
shrubs. Tentatively referred to unit BI. 

Ill 
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Fig. 3. Legend to sections . Unit (I) designations refer only to 
sections 50a and 50b, and are those of Funder & Hjort (1980). 
Unit (2) designations refer to all sections , and are those of 
Funder et al. (1984) . 

16 - Smaller sections in member A and unit B3 around 70 m 
a.s. 1. The sections show la rge scale slump structures 
(fig. 6 of Funder et al. 1984) and glacio-tectonic struc
tures. 

17 - 40 m high section in unit 83 around 80 m a .s .l. Sedi
mentological log shown in Fig. 4 . For legend see Fig. 3. 

25 - C. 10 m high. poorly exposed section in unit B3 around 
110 m a.s .l. 

27 - Northward-facing. c. 20 m high and 300 m long section 
in unit 82 around 90 m a.s.l. (Fig . Sa) . The sediments 
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Fig. 4. Detailed sedimentological log from locality 17. For 
location see Fig. 2. 

contain notable amounts of organic detritus throughout , 
including Sa/ix branches near the bottom. This unit is 
underlain by poorly exposed member A and unit BI 
sediments. Sedimentological log shown in Fig. 6. 

38 - C. 15 m high section in unit B3 around 110 m a.s.l. 
Overlain by diamicton which contains a member A Fo
raminifera assemblage (R . W. Feyling-Hanssen , pers. 
comm .). Sedimentological log shown in Fig. 7. 

39 - Small sections along brook in member A . 
SO - This is the locality of the type section of the Kap K0ben

havn Formation. The sediments are exposed in the head 
walls of small cirques (Fig. Sb, c). The exposures extend 
from c. 65 m a .s.l. to c. 125 m a.s .1., and expose the 
uppermost part of member A and unit BI, B2 and B3. 
Two sedimentological logs are shown in Figs 8 and 9. 

56 - Poor sections in unit B3 in hill around 120 m a.s.l. On 
this hill is a small collapsed cairn erected by L. Koch 
who undertook astronomical observations here in 1921. 

57 - Poorly exposed sections in hill side , showing unit B3 
about 80 m a.s.l. 

59 - Sections in member A and lower part of unit BI. around 
50 m a.s.l. with glacio-tectonic structures. 

69 - C. 50 m high section in member A. unit BI, 82 and B3. 
70 - 20 m high section in member A and unit BI, around 75 

m a .s.l. 

Meddelelser om Gr0nland, Geoscience 23 • 1990 

72 - Section in small isolated hill . Hill top at 112 m a .s.l. 
Member A(?), unit BI and 82 are exposed . The hill is 
formed from a dislocated glacio-tectonic floe . Unit 82 
contains rich mollusc and Foraminifera faunas . At this 
locality unit 82 is overlain by clast supported gravel, 
included in the Kap K0benhavn Formation by Funder et 
al. 1984. In this paper the gravel layer is referred to the 
glacio-fluvial gravel which covers the Kap K0benhavn 
Formation in this area. 

74 - C. 20 m high section along brook exposing unit 81 and 
B2 around 85 m a.s.l. Unit BI is characterised by a giant 
scale cross-bedded set. Sedimentological log shown in 
Fig. 10. 

75 - C. 30 m high section in member A, unit BI , 82 and B3, 
from 72 to c. 110 m a.s.l. Sedimentological log shown in 
Fig. 11. 

76 - 8 m high section in unit B3 around 65 m a .s.l. 
77 - 8 m high section in unit 83 around 65 m a .s.l. Fig. 12 

shows a large moss lens with many insect remains at this 
locality. 

80 - 10 m high section in unit 83 around 85 m a .s.l. 
81 - 15 m high section in unit 83 around 105 m a.s.l. 

108 - 30 m high section in unit 82 (?) and 83 around 130 m 
a.s.1. Glacio-tectonic structures disturb the sediments. 

119 - 30 m high section in unit 83 around 120 m a .s.l. The few 
mammal remains in the Kap K0benhavn Formation 
come from this locality, from a sample of a lens consist
ing mostly of small twigs (GCI 56692). This sample also 
contains a diverse flora of vascular plants. 

120 - JO m high and 50 m long section in member A. 
122 - Section in unit B3. Logs and accumulations of organic 

detritus occur around 105 m a.s.l. The Thuja twig shown 
in Fig. 40 and many Larix cones originate from this 
locality. 

124 - 15 m high section in unit 82, around 80 m a .s.l. The 
Foraminifera faunas correspond to those of locality 72 
(R. W. Fcyling-Hansscn, pers. comm.). The sediments 
of this locality appear to be in situ, i.e. not disturbed by 
glacio-tectonics. 

127 - Sections in unit 83 around 110 m a.s.l. 
128 & 129 - 10 m high sections in an isolated north-easterly 

occurrence of the Kap K0benhavn Formation around 80 
m a .s. I., exposing sand and silt layers correlated with 
unit B2 , and overlain by c. 20 m of glacio-fluvial gravel. 
The sediments contain a rich mollusc and Foraminifera 
fauna (Bcnnike. 1989; R. W . Feyling-Hanssen , pers. 
comm.) . 

130 - 30 m high section in member A , unit BI , B2 and B3 
around 105 m a.s .l. The sediments are somewhat dis
turbed by glacio-tectonic structures. Sedimentological 
log shown in Fig. 13 . 

131 - Small section in unit 83 around 150 m a.s .l. 
132 - Section in unit BI, B2 and B3 around I 20 m a.s.l. 

showing glacio-tectonic structures. 
133 - Section in unit B3 around 150 m a.s .l. 
134 - Poorly exposed section in member A and B around 175 

m a .s.l. 
136 - 30 m high section in unit B3 around 115 m a .s.l. 
141 - 20 m high section in unit B3 around JOO m a.s.l. 
143 - 30 m high ~cction in member A and B. The sediments 

arc strongly disturbed by glacio-tectonic structures. 
146 - c. 15 m high section in unit B3 around 160 m a.s .l. 
ISO 20 m high section in unit B3 around 135 m a .s.l. 
151 - 10 m high section in unit B3 around 150 m a.s .l. 
152 - 20 m high section in unit B3 around 165 m a.s.l. 
154 - 15 m high section in unit B2 and 83 around 90 m a.s.l. 
157 - 10 m high section in unit B3 around 115 m a.s.l. 
164 - Poor exposures in unit 83 around 100 m a .s.l. 
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a 

b 

Fig. 5. a: View of locality 27, showing mem
ber A and units BI and B2. The section 
which faces north is approximately 20 high. 
b: View towards SSE of part of locality 50, 
the type section of the Kap K0benhavn For
mation. c: Aerial view of locality 50, with 
the type section of the Kap K0benhavn For
mation . The positions of sublocalities 50a 
and 50b are marked . 
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Fig. 6. Detailed sedimentological log from locality 27. For 
location see Fig. 2. 

Stratigraphy and sedimentology 
Funder & Hjort ( 1980) divided the main section of the 
Kap K0benhavn sequence into 11 informal units, 1-11. 
The Kap K0benhavn Formation was formally erected 
by Funder et al. (1984) who subdivided it into members 
A and B. Member B was further subdivided into units 
81, 82 and 83. In addition, they designated a type 
section for the Kap K0benhavn Formation, which is 
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Fig. 7. Detailed sedimentological log from locality 38. For 
location see Fig. 2. 

locality 50 of this paper. The stratigraphical units are 
mostly defined on the basis of lithology and sedimentary 
structures. 

The Kap K0benhavn Formation is exposed in many 
minor and a few major widely separated sections. Cor
relation from one section to another is made difficult by 
lateral facies changes and glacio-tectonic disturbances 
(Fig. 14) . Existence of such disturbances means that 
height above sea level can only be used as a crude guide 
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Fig. 8. Detailed sedimentological log from locality 50a. For location see Figs 2 and Sc . 

for correlation. The glacio-tectonic structures were 
caused by a glacier in Independence Fjord which over
rode the area (Funder et al. I 984). The orientation of 
some layers and fold axes is shown on the small geolo
gical map in Funder et al. ( I 985a). 

Member A 

Thickness . - The total thickness is unknown because the 
lower boundary is not exposed. The exposed part of the 
member is up to 50 m thick. 

12 

Lithology. - The member is dominated by finely lami
nated grey or reddish clayey silt (Fig. 15) . Fig. 16 shows 
grain size curves for two samples from the member. 
These samples contain no less than 26-32 % clay . The 
dominating layer silicates are illite. chlorite. smectite
chlorite and mica-smectite as determined by XRF ana
lyses. In addition. talc is common (Tables I and 2). 

The laminae usually show normal grading. Small hor
izontal burrows occur here and there. In some sections 
large-scale load structures may be observed . Isolated 
stones or boulders are common in parts of the member. 
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Fig. 9. Detailed sedimentological log from locality 5Ob. Part of the type section of the Kap K0benhavn Formation. For location see 
Figs 2 and Sc. 

At two localities (nos 7 and 39) smaller lenses of diamict 
sediment have been found (Fig. 17). 

Marine fauna . - Molluscs are extremely rare. In spite 
of intensive search only a few paired (i.e . with arti
culated valves) shells of Portlandia arctica and Musculus 
11igra have been found in situ (Funder et al. 1984). 
However, fragments of the thick shelled species Hiatella 
arctica (Linne), Mya truncata Linne and Astarte sp .. are 
commonly seen at the surface in the Kap K0benhavn 
area and may come from member A. as suggsted by 
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Funder et al. (1984). Foraminifers usually occur in low 
concentrations (Feyling-Hanssen 1987). 

Depositional environment. - The fine-grained lami
nated sediment was deposited from suspension. The 
lack of current and wave generated sedimentary struc
tures shows that sedimentation took place in a low 
energy environment, which in view of the marine fauna, 
must have been in the sea and below the storm wave 
base. The rarity of macrofauna (molluscs) and burrows 
may be due to a high sedimentation rate. 
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Table I. Relative mineral abundances. Analyses by W . Way , University of Lancaster 

Unit/loc. Sample No . Quartz Feldspar Calcite Dolomite Gypsum 1.0nm l.4nm•Amphibole Talc 

Unit B2 
GGU 

50 197136 4 3 2 3 3 3 I 
50 197138 4 3 2 3 3 3 2 
50 197140 4 3 1 3 3 3 2 
50 197142 4 3 2 3 3 3 1 

GCI 
130 53282 4 3 2 3 3 3 
130 53284 4 3 2 3 3 3 

GCI 
72 53216 4 3 3 3 2 3 2 
72 53218 4 3 3 3 3 3 2 
72 53220 4 3 3 3 2 3 2 

GCI 
75 67992 4 3 1 3 2 3 3 
75 67994 4 3 3 3 3 3 

Member A 
GGU 

7 197180 4 3 3 3 I 2 
7 197181 4 3 3 3 2 2 

GCI 
120 53208 4 3 3 3 2 2 
120 53210 4 3 3 3 2 2 
120 53212 4 3 3 3 2 2 

*The 1.0 and 1.4 nm peaks represent respectively mica and chlorite group minerals together with expanding clay minerals 

N 
(D 

90 

Fig . 10. Detailed sedimentological log from locality 74. For 

The scattered stones are interpreted as dropstones, 
and the lenses of diamicton were probably also dropped 
from icebergs. 

Boundary. - The boundary to the overlying member 
B is usually erosional. However, at the type section 
(locality 50) the contact between the members is grada
tional. In substantial parts of the Kap K!'lbenhavn area 
member A forms the topmost unit, being covered only 
by a thin , discontinuous layer of gravel. 

Member B 

While member A is homogeneous, member B is hetero
geneous. It mostly consists of sand (units BI and 83), 
but also contains a muddy unit (82). 

Table 2. Relative percentages of phyllosilicates in representa
tive samples. Analyses by W. Way, University of Lancaster 

Unit/ 
loc. 

Unit B2 

50 

72 

7 

Sample 
No . 

GGU 
197136 
GCI 

53218 
GGU 
197181 

Mica Expand- *Chio- Kaoli-
ables rite nite 

71 19.5 9 ( I 

71 12 8.5 8.5 

69 15 8 8 

location see Fig. 2. *Smectite-chlorite and mica-smectite 
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Fig. 11. Detailed sedimentological log from locality 75. For location see Fig. 2. 

Meddelelser om Gr0nland, Geoscience 23 · 1990 

1 

- 53262 

105 

- 53261 

\00 

97 

t 

15 



Unit BI 
Corresponds to units 4 and 5 of Funder & Hjort (1980). 

Thickness. - The thickness of unit B 1 varies consid
erably, attaining a maximum thickness of c. 35 m in the 
type section, but only 10-15 m in the area of localities 74 
and 75 north of Mudderbugten. 

Lithology. - This unit is dominated by medium and 
fine sand, while very fine sand and coarse sand constitu-

(') 

CD 

N 
CD 

ai 

9 

Fig. 13. Detailed scdimentological log from locality 130. For 
location see Fig. 2. 
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Fig. 12. Lens of moss rich 
organic debris which con
tains many insect remains. 
Unit 83, locality 77, 100 m 
a.s. I. Scale: Jens Bacher. 

te minor parts (Fig. 18). Angular mud clasts of member 
A occur in the lower part of member B. At a few places 
thin, discontinuous layers of granules are present. The 
sand is texturally and mineralogically mature, grey
white quartz sand, with local concentrations of heavy 
minerals (Fig. 19). Organic detritus occurs rarely in 
small lenses and layers. 

The dominant structure in this unit is horizontal, par
allel lamination - sometimes only faintly visible. Less 
common are large scale tabular cross-bedding with tan
gential foresets (low angle (Fig. 20) and high angle), 
large scale trough cross-bedding, indistinct horizontal 
parallel lamination, structureless sand and cross-lamina
tion. 

At the type section (Joe. 50, Figs 8, 9) and in the 
surrounding area, the upper part of unit B 1 shows a 
fining upward sequence, and large scour-and-fill struc
tures, either isolated or in clusters, occur locally at the 
transition to unit B2 (unit 5 of Funder & Hjort 1980). 
The scours are filled by heterolithic sediments (Fig. 21) 
which contain an abundance of organic detritus - show
ing up to 30 % loss on ignition. Parallel lamination, 
wavy and flaser bedding and climbing-ripple lamination 
are the sedimentary structures present in the scours. A 
moderate degree of bioturbation is present in some 
layers. 

At locality 74 there is a giant-scale planar cross-bed
ded set that constitutes part of a fining-upward se
quence (Fig. 22). It is 3 m thick; the foresets are tangen
tial and dip towards the west (267°), and the bottomsets 
and toesets are draped by organic detritus. The foresets 
of the large-scale tabular cross-bedded sets, in contrast 
to the giant-scale cross-bedded set, generally dip to the 
northeast (Fig. 23). 
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Fig. 14 . Typical outcrop of 
member A , showing folded 
intercalated mud , silt and 
fine sand sequence. Locality 
135. Height of section about 
20 m. 

Marine fauna . - At a few localities shells or shell 
fragments have been located in the upper part of unit 
B l . They are more or less dissolved and may conse
quently have been more common . Cyrtodaria kurriana 
shell fragments are quite common in the upper part of 
the scours of the type section area. 

Depositional environment. - The rare occurrence of 
marine molluscs and the clean, mature quartz sand with 
heavy mineral concentrations indicate that unit B1 was 
deposited in a shallow water marine environment of 
high to medium energy. 

Horizontal lamination is the dominant structure in 
back- and foreshore sediments, and it is also a common 
structure in shoreface sediments. Large-scale tabular 

Fig. 15 . Fine ly laminated 
mud of member A. locality 
7. c. 30 m a .s. l. 
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cross-bedding in these environments is mostly formed 
by migrating longshore bars, which are confined to the 
shoreface and the foreshore . Heavy mineral placers are 
produced in the backshore region , mostly near the up
per limit of the backshore (Inman & Filloux 1960). 

The giant-scale cross-bedded set from locality 74 
shown in Fig. 22 was formed by migration of a giant
scale ripple, probably a sandwave. 

In summary, unit B1 was therefore deposited in the 
backshore , foreshore and shoreface of a medium energy 
coast. The sediments in the upper part of the unit, 
including those filling the scour structures, were depos
ited in the transition zone. 
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Fig. 16. Cumulative grain size distribution curves from member 
A plotted on log-probability paper. GG U 197112 is from local
ity 50a, while GGU 197179 is from locality 7. Each curve is 
representative of bulk-samples, i.e. both finer and coarser 
laminae are included. Analyses by H. Bahnson, Geological 
Survey of Denmark . 

Unit 82 
Unit 82 corresponds to unit 6, 7 and 8 of Funder & 
Hjort (1980). 

Thickness . - The thickness amounts to about 20 m at 
the type section. North of Mudderbugten this unit only 
occurs locally and is no more than 9 m thick. In the 
western part of the area it has not been observed. 
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Fig. 18. Cumulative grain size distribution curves from units BI 
and 83 plotted on log-probability paper. GGU 197113, 197115 
and 197116 are from unit BI, locality 50a, GGU 197122 is from 
unit BI. locality 50b and GGU 197174 is from unit 83 , locality 
38. 

Lithology. - At the type section area unit 82 mostly 
consists of completely bioturbated mud made up of90% 
silt with minor amounts of clay and sand (unit 7 , Fig. 
24). The bioturbation is characterised by small burrows, 
measuring c. I mm across . 

Some stones have been located in the unit , the largest 
measured 7 cm. Layer silicates are illite, chlorite, smec-

Fig. 17. Pocket of diamicton 
overlain by laminated mud. 
Member A. locality 7. c. 30 
m a.s.l. 
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Fig. 19. Low angle cross
bedded medium grained 
sand with heavy mineral 
laminae. Note the low angle 
discordances. Locality 75, 
unit BI, 102 m a.s.l. 

Fig. 20. Low angle cross
bedded quartz sand with 
heavy mineral laminae, 
truncated by small reverse 
faults caused by glacier 
push. Locality 72, unit BI 
(?). c. 80 m a.s.l. 

Fig. 21. Laminated fine sand 
and fine grained laminae 
rich in organic detritus. At 
the bottom form sets of 
wave ripples are seen. 
Upper part of unit BI. 
locality 50b (unit 5 of Fun
der & Hjort 1980). 89 m 
a.s.l. 
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Fig. 22 . View of locality 74 showing horizontally laminated 
sand and a 3 m thick cross-bedded set of unit BI. The foresets 
are draped by organic detritus in their lower part (not shown). 
The convolutions are at the bottom of unit 82. Drawn from 
photo. 

tite-chlorite, mica-smectite and kaolinite. Also, calcite, 
dolomite and gypsum (only some samples) have been 
identified (Tables I and 2), and vivianite, a mineral rare 
in marine sediments (Postma 1982), is common. The 
last-named usually forms in anoxic, organic-rich sedi
ments with a high phosphate concentration (Postma 
1981 , 1982). Small desert roses of portlandite (0. V . 
Petersen, pers. comm.) were also found in a single 
sample (GCI 56680). 

Unit B2, which weathers to light grey colour, is resist
ant to erosion and the unit forms small cliffs where 
exposed (Fig. 25). The completely bioturbated mud 
facies is under- and overlain by somewhat coarser sedi
ments in which some lamination has survived the biotur
bation (unit 6 and 8). These sediments typically consist 
of an alternation between strongly bioturbated muddy 
layers and fine sand/silty layers about 5 cm thick. The 
bases of the fine sand/silty layers are sharp or erosive, 
the layers are graded, laminated or structureless at the 
bottom and laminated at the top, and they often con
tain, especially in their lower part, concentrations of 
transported shells of the bivalve Cyrtodaria kurriana. 
The shells are usually paired , although not in life posi
tion . Some valves are disarticulated or even frag
mented . 
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Fig. 24. Cumulative grain size distribution curves from unit 82 
plotted on log-probability paper. Analyses by H. Bahnson. 
Geological Survey of Denmark. 

To the north and west of Mudderbugten the bioturba
tion in unit B2 is less intense, with some sedimentary 
lamination remaining, and larger amounts of fine sand 
are present, often as thin graded layers. 

Marine fauna. - In the area of the type section the 
marine macroscopic fauna is diverse, being dominated 
by small gastropods , notably Cylichna spp. ( opisto
branch) , Oenopota spp. and Natica sp. (prosobranchs) 
and the bivalve Astarte borealis. Cyrtodaria kurrimw is 
present in the lower and upper part of the unit. The 
mollusc shells are extremely thin . 

At the stratotype area the Foraminifera fauna of thi~ 
unit is rich and diverse. Nonion niveum dominates the 

Locality 72 Locality 50 
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Fig. 23 . Palaeocurrent compass roses showing orientation of foreset beds in large scale planar cross-bedded sets of unit BI. The 
arrows show the vector mean dip direction . 

20 Meddelelser om Grl?lnland, Geoscience 23 • 1990 



Fig. 25. Outcrop of unit 8 I, the cliff forming unit 82 and unit 
83, locality 130 with Ladegardsaen to the left (north). Small 
spade for scale. 

assemblages, and other characteristic species are El
phidiella rolfi and Elphidiella hannai (Feyling-Hanssen 
1987). 

To the north and west of Mudderbugten the bivalve 
fauna is more diverse, and includes among others Ma
coma balthica, Macoma calcarea, Serripes groenlandicus 
and Mytilus edulis Linne (Funder et al. 1985b, 1987). 
The Foraminifera faunas are distinctly different from 
that of the type section area, but intermediate assem
blages occur at locality 75 (R. W. Feyling-Hanssen, 
pers. comm.). The assemblages are dominated by El
phidium excavatllm, and Elphidiella rolfi and£. hannai 
are also present (Feyling-Hanssen 1987). 

Farthest to the northeast, at locality 128 and 129, the 
mollusc fauna includes the rare gastropod Trichotropis 
bicarinata (Bennike 1989). The mollusc shells in these 
two localities are of a normal thickness. Also the Fora
minifera fauna in these localities is taxonomically di
verse and rich (R. W. Feyling-Hanssen, pers. comm.). 

Depositional environment. - The homogeneous, bio
turbated silt which makes up the major part of unit 82 
was deposited in a low energy environment, below 
storm wave base on the inner shelf. This interpretation 
is supported by the evidence from the marine fauna. 

The small burrows were produced by soft-bodied de
posit-feeding organisms, probably polychaetes, which 
took advantage of the organic content of the sediment. 

The few stones in unit 82 are interpreted as drop
stones. 

Unit 83 
Unit 83 corresponds to unit 9, 10 and 11 of Funder & 
Hjort (1980). 
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Thickness. - This unit is typically about 15 m thick, 
but is poorly exposed and undoubtedly much thicker in 
the northern and western parts of the area. 

Lithology. - The unit is rather heterogeneous, but it 
is dominated by medium sand (Fig. 18), which is mainly 
horizontally laminated. At some localities (notably lo
calities 17 and 75) the unit is characterised by a coars
ening-upward sequence, from fine sand and silt with 
horizontal lamination and cross-lamination to medium 
and coarse sand with horizontal lamination and large 
scale cross-bedding. Burrows are quite common in the 
lower and middle part of the unit (Fig. 26). 

Logs of small trees are a notable feature for this unit 
in many areas (Fig. 2). They usually occur at the sur
face, but in some cases in situ pi_eces have been located. 
Such pieces are aligned parallel to lamination (Fig. 27) 
indicating they were deposited as driftwood. 

Accumulations of organic detritus are also notable 
(Fig. 28). They are normally discontinuous, but at the 
type section organic detritus is dominant, even forming 
peat-looking layers (Fig. 29b ). The inorganic parts of 
the peat-like layers consist of fine and very fine sand. 

At the type section unit 83 is tripartite. The lower 
part consists of horizontal laminated fine sand with little 
organic detritus. Burrows are common. The middle part 
contains most of the organic detritus. Its sediments are 
heterolithic, with flaser, wavy and lenticular bedding in 
combination with climbing ripple lamination and wave
ripple lamination. Some of these structures are shown in 
Fig. 29. Horizontal and draped lamination (Fig. 29a) 
are also present. The upper part, horizontally laminated 
with only rare burrows, consists of fine sand with very 
little organic detritus. 

At a level of around 119 m a.s.l. the type section is 
characterised by fine sand layers showing inverse grad
ing. 

At locality 38 the sediments resemble the middle part 
of unit 83 in the type section, but they contain smaller 
amounts of organic detritus. Climbing ripple lamination 
and wave ripple lamination are the most characteristic 
structures at this locality. 

It is also noteworthy that penecontemporaneous de
formation structures are found in unit 83 (Fig. 29d). 

The boundary between units 82 and 83 is often gra
dational. 

Burrows. - Several types of burrows are present: 1) c. 
1 mm thick burrows similar to the dominant type in unit 
82, 2) c. 3 mm thick, more or less vertical burrows 
which may branch (the most common type) and 3) rare 
c. 10 mm thick vertical burrows up to 20 cm long. 

Marine fauna. - Unit 83 at the type section and at 
localities 38 and 75 (lower part) contains marine mol
luscs: Astarte borealis, Cyrtodaria kurriana and Ma
coma spp. The shells are commonly paired but not in 
life position. Foraminifera are extremely rare. Their 
thin calcareous tests may have been dissolved by orga
nic acids produced in the organic-rich sediments. 

Depositional environment. - The lower part of the 
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Fig. 26. Examples of burrows which are filled by more cohesive material than the surrounding sediment, which has blown away. 
a-b : Lower part of unit B3 , locality 75 , 99 .5 m a.s.l. Pencil for scale. c: Unit B3 , locality 50b. 116.5 m a.s.l. The burrows were 
produced by suspension feeding animals. 

unit , with marine molluscs and physical as well as bio
genic structures is of marine origin, deposited in an 
environment of medium energy, probably at the shore
face. The upper driftwood-bearing part was deposited 
at the beach zone, in the foreshore or backshore. 

The presence of penecontemporaneous deformation 
structures may be indicative of rapid sedimentation. 

The top of member B is in unconformable contact with 
overlying deposits which usually consist of a thin gravel 
layer, representing remains of glacio-fluvial deposits or 
till deposits . The till contains many erratics, such as 
gneisses from the Precambrian basement and quartzite 
and dolerite from the Independence Fjord Group. 
These rock types must originate in or beyond the inner 
part of Independence Fjord. 

In some areas unit B3 is overlain by a homogeneous 
silt deposit (unit 12 of Funder & Hjort 1980) . In the type 
section the contact is a thrust plane and the silt is shown 
to be overthrusted floes of member A by its content of 
foraminifers (R. W. Feyling-Hanssen , pers . comm.). 

Concretions 

Although the sediments of the Kap K0benhavn Forma
tion are generally unlithified. certain horizons contain 
concretions. Two main types are found : 

I) The muddy member A at a site c. 1 km northeast of 
locality 7 contains a great concentration of calcare
ous concretions of a spectacular . perfectly radial 
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symmetry (Fig. 30) . Many are of a simple form, but 
compound forms where two or more concretions 
have grown together also common . The simple con
cretions measure 1 to 6 cm across, and 0.5 to 3 cm in 
thickness . The surface is smooth, and the transition 
between sediment and concretion is sharp. No nu
cleus occurs, but the concretions are laminated. 

The concretions are formed by local cementation 
by CaC03• They are narrow (as seen in side view) 
where the sediment is most fine grained, and 
broader where it is more coarse grained. Apparently 
the growth rates were higher in the more coarse 
grained and more permeable laminae. 

2) The sandy part of member B contains limonite con
cretions, mostly in connection with layers rich in 
plant detritus. These layers must have given rise to 
iron-rich waters penetrating nearby sand where the 
iron was precipitated. The concretions are flattened 
parallel to the lamination, usually elliptical in out
line, and 2 to 10 cm long. The colour is reddish or 
greyish. At locality 57 the concretions are blackish 
and here they often are formed in connection with 
mollusc shells , trace fossils or pebbles . 

Figs 31- 32 show a correlation scheme for some major 
exposures within the Kap K0benhavn area. The correla
tion is mostly based on lithology. The mollusc, Forami
nifera and ostracode faunas show marked differences 
from south to north. Feyling-Hanssen (1987) believes 
that the change in character of Foraminifera assem
blages is due to a substantial age difference , the north-
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Fig. 27. Small in sitll drift
wood log of Larix. Unit 83, 
locality 69. Ladegardsaen to 
the left (north) . Note the 
shallow roots of the small 
tree. Member A sediments 
are exposed near the river . 

ern assemblages being younger than the southern. How
ever, intermediate assemblages were found in locality 
75, and it is suggested here that the faunal difference is 
more a question of different, roughly coeval environ
ments. Alternatively, what is here called unit B2 repre
sents a repetition of two lithologically similar units. 

Palaeobotany 

Laboratory techniques 

For macrofossil samples, sediment samples of 1 liter 
were normally used, but some larger samples of sedi-

Fig. 28. Lens of coarse 
organic debris with twigs , 
branches and some cones. 
The surrounding sediment 
consists of well sorted quartz 
sand. The ~tones on the 
exposure derive from the till 
cover. Unit 83, locality 119, 
c. 115 m a .s. l. 
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ments which were particularly promising were also ana
lysed. The sediment was washed through two sieves 
with meshes of 0.42 and 0.21 mm to remove fine
grained inorganic and organic matter. Tap water was 
used for washing. Most samples dispersed well in pure 
water, but some samples had to be soaked in cold 10 % 
NaOH for some days. Coarse-grained inorganic mate
rial was removed by decanting. 

A small portion was transferred from the sieve to a 
petri dish, and a small amount of water was poured into 
it. Under a Wild MS dissecting microscope the material 
was pushed from one end of the dish to the other, and 
identifiable remains picked out. 

The material comprises mosses, seeds, fruits, leaves 
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Table 4. Vascular plants represented by macroscopic remains in the Kap K0benhavn Formation 

Equisetaceae 
Eq11ise111m sp. 

Selaginellaceae 
Selagine/la selaginoides 

Polypodiaceae 
gen et sp indet 

Pinaceae 
Picea mariana 
Larix groenlandii 

Cupressaceae 

Violaceae 
Viola sp. 

Cruciferae 
Arabis cf. alpina 

Salicaceae 
Sali.1: reticu/ata 
Sa/ix spp. 

Myricaceae 
Myrica arctogale 

Ericaceae 

Cornaceae 
Comus stolonifera 
C. canadensis 
Com11s sp. A 

Menyanthaceae 
Menyamhes trifoliata 

Caprifoliaceae 
Vib11m11111 cf. ed11/e 

Scrophulariaceae 
? Linaria sp. 

T/111ja occidentalis 
Taxaceae 

Tax11s sp. 
Nymphaeaceae 

N11phar l11tea tp. 

Arctostaphylos 11va-11rsi 
Cassiope tetragona 
Led11m palustre 
Andromeda po/if olia 

Potamogetonaceae 
Potamogeton 11ata11s 
P. cf. per/ olia111slriclwrdso11ii 
P. cf gra111ine11s 

Yacciniaceae P. alpi1111s 
Ranunculaceae 

Ra111111cul11s hyperboreus Ip. 
Ra111111c11l11s cf. pa/lasii 
Anemone sp. 

Oxycocc11s pa/ustris 
Vacci11i11m 11/iginos11111 
ssp. microphy/111111 

P. cf. vagi11at11s 
Juncaceae 

J11nc11s sp. 
?L11wla sp. 

Papaveraceae 
Papaver sect. Scapiflora 

Empetraceae 
Empetrwn nigrum 

Crassulaceae 
Cyperaceae 

Carex spp. 
Betulaceae Sed11111 a,1111111111 

Fabaceae 
Hedysarum sp. 

Rosaceae 

Scirp11s 111icrocarp11s 
Gramineae 

Gen. et sp. indet. 
Sparganiaceae 

Be11tla nana 
Belltla alba s.l. 
Al1111S cf. crispa 

Polygonaceae 
Oxyria digyna 
Polygo1111111 sp. 
Rwnex acetosa 

Caryophyllaceae 

Pote111i/la spp . 
Potelllilla pa/11s/ris 
Dryas octopetala 
R11b11s c/wmaemorus 
R. arctic11s/saxatilis 

Sparga11i11m a11gustifoli11111 Ip. 
Insertae sedis 

Aracites globosa 
Carpolithes sp. A 

Cerastium cf. arcticumlalpi1111111 
Ste/laria sp. 
?Arenaria sp. 
Melandriwn affinela11g11s1iflorwn 

Hippuridaceae 
Hippuris vu/garis 

Geraniaceae 
Erodi11111 sp. 

and twigs of vascular plants, remains of insects and 
crustaceans, molluscs, foraminifers etc. Because of this 
broad spectrum of different fossils no flotation tech
nique was tried. The method is tedious and time con
suming, but it ensures that all macrofossils are rec
orded. 

The 0.42-0.21 mm fraction only contained few seeds, 
but oospores, and most remains of midge larvae and 
cladocerans, oribatids mites and coccoons of worms 
were found in this fraction. 

Some of the SEM specimens were treated with HF to 
remove adhering mineral grains. They were dried at 
room temperature, mounted on stubs with double-sided 
cellophane tape, coated with gold and photographed 
with a Cambridge S-2 or a Phillips 515 scanning electron 
microscope. 

Some of the results from the study of macroscopic 
plant remains are presented in Table 3 (in pocket) and 
Table 4. 

Note that 1971XX numbers are GGU numbers (GGU, 
Geological Survey of Greenland, Gr0nlands Geolo
giske Unders0gelse). while 532XX, 566XX, 567XX and 
649XX numbers are GCI numbers (Geological Central 
Institute) . The fossils are stored at the Geological Mu
seum. University of Copenhagen. MGUH numbers de-
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note specimens housed in the type collection of the 
Geological Museum. 

Some material of macroscopic plant remain~ wa~ 
kindly provided by J. Bacher. 

Samples for pollen analysis were prepared by standard 
methods: boiling with 10% KOH for 10 minutes, treat
ment with cold 10% HCl, decanting and coarse sieving, 
boiling with 40% HF for 30 minutes, treatment with hot 
10% HCl for 15 minutes, acetolysis for I minute in a 9: 1 
mixture of acetic anhydride and concentrated H1S04 

and mounting in silicone oil. 
A Leitz Laborlux microscope was used for counting. 
For determination of loss on ignition the samples 

were dried and ignited at 550°C for 3 hours (Dean 
1974 ). In the fine-grained marine sediments of unit B2 a 
substantial part of the ignition loss probably originates 
from water associated with clay minerals (Mackereth 
1966). 

Preservation and taphonomy 

Many of the macroscopic plant remains discussed below 
are slighty carbonised which probably explains why 
larger. well lignified and more durable plant remains 
usually are well preserved. whereas small and thin 
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Fig. 29. Unit B3, locality 50b (unit 10 of Funder & Hjort 1980) a : Heterolithic sediments showing climbing ripple lamination and 
draped lamination, 124.5 m a.s.l. b: The most organic rich sediments of the type section , 127 m a.s.l. c: Heterolithic sediments 
consisting of fine sand and finer grained, organic rich laminae showing wave ripple lamination except for the top part which show 
draped lamination. 125.5 m a.s.l. d: Convoluted, heterolithic sediments, 126.5 m a.s.l. 

walled degradable seeds and little lignified leaves are 
poorly preserved. Thus, while fruit stones of Empetrum 
nigrum are common, only one poorly preserved leaf was 
recovered. The coriaceous leaves of Vaccinium uligino
sum are abundant, while their thin walled fruit stones 
were not found. In contrast, Empetrum nigrum leaves 
and Vaccinium 11/igi11os11m fruit stones are common in 
Holocene lake sediments of West Greenland (Fredskild 
1983) . 

All of the conifer cones display evidence of transport 
and abrasion. Some wood fragments are rounded and 
abraded, perhaps by prolonged to-and-fro rolling due to 
exposure to wave action on the beach, by long shore 
transport or by transport in the bed load of rivers. Most 
plant remains from fine-grained sediments are corn-
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pressed, e.g. the twigs up to 75 % , and the surface of 
the softer plant remains show evidence of sand grain 
impresssions. 

Smaller coriaceous leaves and the moss fragments 
show little sign of wear; they were probably transported 
in the suspension load of the rivers. Some plant remains 
are coated by ferruginous matter. 

Chitineous remains of animals , such as head capsules , 
elytra and pronota of beetles , midge larvae head cap
sules, shells and head shields of cladocerans, oribatid 
mites and egg cocoons are well preserved, but disarti
culated. 

The presence of benthonic fauna! remains, e .g. mol
luscs. ostracodes, foraminifers and burrows of poly
chaetes (?). in the same sediments as plant fossils show 
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that aerobic conditions prevailed at the bottom and in 
the topmost parts of the sediments during most of the 
depositional period. The plant remains were therefore 
not preserved due to anoxic conditions , but rather due 
to high sedimentation rates, which lead to quick burial 
of the organic fragments, thereby protecting them from 
degradation by oxidising bottom waters . 

The degree of preservation of the pollen grains is 
variable but generally poor. The pollen grains show 
physical and biological degradation , and types such as 
Bent/a, Lycopodiaceae and Dryopteris type may be 
overrepresented for this reason and because of oxida
tion effects. 

No autochthonous plant remains have been located in 
the Kap KQJbenhavn area. All the plant remains show 
different degrees of wear and hydraulic sorting. 

Most of the cones and many of the fruit types were 
found in organic detritus dominated by twigs and small 
wood pieces . Other accumulations consist of virtually 
nothing but Scorpidium type moss fragments, which 
have a very low settling velocity in water (Spicer 1980) . 
All gradations exist between these two extremes, and it 
is these less sorted assemblages that contain the greatest 
variety of plant remains. The more diverse assemblages 
were prohahly deposited during relatively high-energy 
periods, while the less diverse assemblages were formed 
through non-catastrophic, gradual accumulation (Col
linson 1983) . Much of the detritus occurs in scours . 
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Fig. 30. Three selected 
carbonate concretions from 
member A , seen from above 
and in side view. 

Once eroded, these scours formed small, local low
energy environments where the organic matter could 
accumulate. 

While Quaternary palaeobotanists usually work on 
lake , peat or fluviatile deposits , pre-Quaternary stu
dents often work on deltaic and nearshore marine de
posits. It is well known from studies of recent lake 
sediments that most plant remains accumulate near the 
shore (e.g. H. H . Birks 1973). Remains of upland plant~ 
are mostly carried to the lake by streams and accumu
late near the mouths of inflows (e .g. Drake & Burrows 
1980). 

The writer believes that transport by streams and 
rivers was of prime importance with respect to diasporcs 
of water plants and moss fragments in the Kap K0ben• 
havn Formation , while the small, coriaceous leave~ 
might partly have been transported by wind (Glaser 
1981). Little is known about the distances over which 
diaspores and leaves may be transported. According to 
Collinson ( 1983) some material can be transported by 
rivers up to 80 km without evident wear. The plant 
remains in the Kap KQJbenhavn Formation undoubtedly 
provide a regional picture of the vegetation and flora. 

Small seeds are very sparsely represented among the 
plant remains. Two explanations for this feature may be 
offered: I) Small seeds are very buoyant and might float 
away to be deposited somewhere else . 2) Most small 
seeds have a thin testa and are more subject to degrada-
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Fig. 31. Distribution or the Kap K0benhavn Formation, modified from Funder et al . (1984). The Kim Fjeldc consists of 
Carboniferous to Cretaceous sediments which form a landscape or elongate hills and low mountains with a general increase in 
height to the north, where they reach an altitude of 9(X) m. The locat ion of the main sections as shown in Fig. 32 is also given. 

tion (both physically and biologically) than larger seeds . 
The generally poor preservation of the small seeds and 
the common presence of microscopic plant remains 
(polle n and spores) in the Kap K0benhavn Formation 
point to the second explanation . 

Pollen grains are hydrodynamically equivalent to 
fine-grained silt (Muller 1959) and it is obvious from the 
sedimentology that hydrodynamic sorting was an impor
tant proce s. The silty marine unit 8 2 contains a fa ir 
density of pollen gra ins. whereas the well sorted sand is 
devoid of pollen since apparentl y the pollen grains were 
winnowed away. Most of the pollen grains were prob
ably flushed into the sea by rivers a long with the elastic 
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material. as has been shown in studies of modern ma
rine sediment (e .g. Heu er & Balsam 1977, see also 
discussion by West ( 1980)). Unit B2 contains a fair 
amount of fresh water diatoms and frequent clerotia of 

e1111ococc11m geoplzi/11111. Dead sclerotia of this fungius 
can float on water for long periods (Trappe 1969), and 
some probably floated offshore before finally sink ing to 
the bottom . Some pollen gra ins were undoubtedly 
transported to the sea by winds, but the scarcity of 
bisaccate pollen types . - Picea and Pinus - may indicate 
that this was only a minor part of the pollen influx 
(Mudie 1982) . 
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Fig. 32. Lithology and correlation of the Kap K0bcnhavn Formation. For legend sec Fig. 3. For location of sections sec Fig~ 2 and 
31. 

Macroscopic plant remains 
(seeds, fruits. leaves etc.) 

Thallophyta 
Remains of thallophytes (Bacteria, Algae and Fungi) 
were not studied in any detail , but a number of macro
and microscopic remains were noted. Below follows a 
list of thallophytes represented by macroscopic remains, 
with some brief notes. 

Bacteria: Actinomycetales 

Proacti11omyces alni (Peklo) Krass 
Fig. 33a 
Material. - Two nodules. 
Remarks . - The figured nodule is hemispherical in 
shape and measures c. 14 mm across. It corresponds 
closely to modern A/1111s root nodules (0. G . Petersen 
1920. p . 3 I 6). The other nodule is much smaller. but it is 
probably also an A/1111s root nodule . 
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Algae: Characeae 

Tolypella cf. nidifica (0. Miill.) A . Br. 
Figs 33b-c 
Material. - 21 oospores from GCI 53203 , 53214, 64965 
and 64991 (unit 83) . 
Remarks. - The oospores are yellow-brown. sub
spheric, terete, (265-) 315 (-345) µm long and (230-) 280 
(-320) ~tm broad (n = 15). The membrane is smooth, 
thin and translucent, with 7 or sometimes 6 thin but 
prominent ridges; fossa is about 50 ~•m across (termino
logy follows Wood & Imahori (1965)) . 

Because of their small size. non-compressed shape 
and few ridges the oospores can be referred to Tolypella 
cf. 11idifica, according to the keys and the broad species 
concept of Wood & Imahori (1965) . 

The present day Characeae flora of Greenland com
prises three species of Chara and two species of Nitella, 
following the taxonomy of Wood & Imahori (1965}(T. 
Bocher 1954. Legaard 1960, Molenaar 1976). 

Recent distribution. - At present T. 11idifica is distri
buted between 45°N and 60°N (Wood & Imahori 1965). 

Ecology . The plant which is 2- 20 cm high grows in 
hard water ponds . lakes and streams and in brackish 
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Fig. 33. Thallophyte remains. a: A/11us root nodule caused by Proactinomyces alni, MGUH 19043, GCI 53214, locality 122, xl .8. 
b-c: Tolypella cf. 11idifica oospores. b: Side view, MGUH 19044, GCI 64991, locality 77, xl60. c: Polar view, MGUH 19045, GCI 
64991. locality 77, xl4.8. d-k : Ce1111ococc111n geophilum sclerotia . d: MGUH 19046, GCI 64991, locality 77, xl50. e : Surface detail 
of d, x380. f: MGUH 19047, GCI 64976, locality 157, x60. g: Surface detail off, x710. h: Sclerotium of irregular shape, MGUH 
19048, GCI 64976, locality 157, x53. i: Part of sectioned sclerotium, MGUH 19049, GCI 53214, locality 122, xl 12. j: Detail of the 
outer part of i. x8IO. k: Detail of inner part of sectioned sclerotium , MGUH 19050, GCI 53214, locality 122, x355 . All figures are 
SEM micrographs except a which is a light photograph . 

water (Olsen 1944, Wood 1967) . Like other Characeae 
it normally grows on a soft, muddy bottom. 

Fungi: ?Pyrenomycetidae 

Material. - A number of fruit bodies. 
Remarks . - Some leaves of Sa/ix reticulata and Betula 
nana bear spherical dark fruit bodies of Fungi, probably 
perithecia of Pyrenomycetidae (identified by H . Dis
sing) . The fruit bodies do not contain spores, and can 
therefore not be identified more precisely . 

Fungi imperfecti 

Cen11ococc11111 geophi/11111 Fries 
Figs 33d-k 
Material. - About 8500 sclerotia. 
Remarks . - Sclerotia of the imperfect fungus C. geophi
/11111 (syn . C. graniforme (Sow .) Ferd . & Winge, see 
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Jensen 1974) are extremely common in the macrofossil 
samples , and they are even found quite commonly in 
unit 82, where they also occur in the Foraminifera 
samples (R. W. Feyling-Hanssen, pers. comm.). 

The sclerotia are black, and vary in size from 0.1 mm 
to c. 3 mm . The smaller are spherical, the larger are 
more irregular in shape. 

Recent distribution . - C. geophilum is common in the 
northern hemisphere, especially in temperate and arctic 
climates , and it probably also occurs in the southern 
hemisphere (Jensen 1975). It has been found in a num
ber of Holocene peat deposits in Greenland (Fredskild 
1973, 1983, 1985, Bennike 1983) and it probably occurs 
throughout the sub-continent. 

Ecology. - C. geophilum is a common facultative 
ecto-mycorrhiza forming fungus growing under various 
ecological conditions. It usually forms mycorrhiza with 
woody plants. but it may also do so with herbaceous 
plants. It lives in forests, heaths, meadows, in moss 

29 



polsters or in arable soil (Ferdinansen & Winge 1925, 
Mikola 1948, Jensen 1975). 

Notes on history . - The sclerotia are frequently en
countered in fossil material, but they are often recorded 
only as sclerotia or fungal sclerotia, especially when 
dealing with pre-Quaternary floras (e.g. Friis 1976, 
Szafer 1947, Matthews 1974). 

Tracheophyta 
Table 3 is a list of vascular plants represented by macro
scopic remains. Terminology of family names follows 
the current "International Code of Botanical Nomen
clature" (Greuter et al. 1988) . Leaf terminology follows 
Dilcher (1974). The notes on modern distribution and 
ecology were primarily extracted from a number of 
regional floras covering the northern circumpolar area. 
When the entire range of a species is considered, it 
often appears that its ecological tolerance is rather 
large . Therefore the notes on ecology are given only in 
general terms . 

Pteridophyta 

Equisetaceae 

Equisetum sp. 
Figs 34 a-c 
Material. - Numerous rhizomes. 
Remarks . - The distinctive, shiny, grooved rhizomes 
are common as are also rootlets. No aerial stem frag
ments with visible stomata were noted , hut they may 
have been overlooked. No attempt was made to identify 
the remains. 

Recent distribution and ecology . - The genus com
prises c. 15 extant species, of which seven reach the 
Arctic today. The genus is very widespread geograph
ically and ecologically. Two species grow at Kap K0ben
havn today. 

Selaginellaceae 

Selaginella selaginoides (L.) Link 
Figs 34d-e 
Material. - One megaspore from GCI 56685 , locality 
74. unit B3. 

Remarks . - The megaspore measures 0.46 mm across. 
The ornamentation is verrucate with bacculae . 

The spore is distinguished from lsoetes spores by the 
absence of an equatorial ridge . It matches the small, 
tetrahedral spore type of Watts ( 1959), which was 
thought to represent immature or perhaps aborted ster
ile megaspores of S. selaginoides. However, the size of 
mature S. selaginoides megaspores may vary consid
erably, from 0.48 to 0.92 mm according to Minaki 
(1984). 

Recent distribution. - S. selaginoides has a disjunct 
circumpolar range (Fig. 35) . It is distributed in the 
boreal and low arctic zones, most commonly in moun
tain areas. In Greenland it is confined to the southwest
ernmost part except for an isolated occurrence in the 
southeast. Its range as depicted in Fig. 35 has been 
slightly modified by Hultcn & Fries (1986). 

Ecology. - S. selaginoides is a small moss-like plant 
with microphyllous leaves which is most common in 
damp sites, such as mossy areas, grasslands, heaths, 
fens, open scrubs and open woods . It shows some pref
erence for calcareous soil. 

Note on history. - Its fossil record from the Qua
ternary of Europe closely follows that of Betula nt1nt1 
(Tralau 1963). It was very common and widespread 
during the late glacial in northwestern Europe. 

Polypodiaceae s. I. 

Material. - Two dispersed sporangia from GCI 53203, 
locality 119. unit B3. 
Remarks. - The sporangia are identified as Polypodia
ceae s. I. As no spores were found in the sporangia, no 
further identification was attempted {cf. Collin~on 
1978) . 

Gymnospermae 

Pinaceae 

Picea mariana (Mill.) B.S.P. 
Figs 34f-m 
Material. - 3 cones (GCI 56567, 64980 and 64990). 
some cone scales. seeds. about 360 needles and needle 
fragments. wood, twigs and pollen . 
Remarks. - The cones are broadly elliptic in outline. 
They measure l 8x 11. l 5x 12 and l 2x 10 mm (length x 

Fig. 34. a-c : Eq11ise111111 rhizome remains . a: MGUH 19051 . GCI 53267, locality 132. x!O.0. b: detail of a. x30. c: MGUH 19052. 
GCI 53267. locality 132. xl 1.6. d-e: Selaginella selaginoides megaspore , MGUH 19053. GCI 56685. locality 74 . d: Proximal face 
with triradiate laesura and blunt turbercles, x53 . e : Oblique side view. x61. f-m: Picea mariana remains. f: Cone. MGUH 19054. 
GCI 64990. locality 77, x3. g: Cone. MGUH 19055, GCI 64980, locality 157. x2.6. h: Cone, MGUH 19056. GCI 56667, locality 77. 
x2.7. i: Needle. MGUH 19057. GCI 56692. locality 119, x!0.6. j-k: Cross sections of needles . j: MGUH 19058. GCI 56692. 
locality 119, x27. k: MGUH 19059. GCI 56692, locality 119. x24. 1-m: Ventral portions of needles with rows of stomata. I: MGUH 
19060. GCI 56692. locality 119, x60. m: MGUH 19061, GCI 56692. locality 119. x85. n-o: Larix groe11/a11dii seeds. n: MGUH 
19062. GCI 53214, locality 122. x8.4. o: Seed with fly hole of Megas1ig11111s sp. (Hymenoptera). MGUH 19063. GCl 53267. locality 
132. xl4.4. p-t: Larix groe11/a11dii cones. p: Holotype, MGUH 19064. GCI 53214. locality 122, x2.l. q: MGUH 19065 . GCl 56692. 
locality 119. xl.6. r: MGUH 19066. GCI 53214, locality 122, xl.7. s: MGUH 19067. GCI 53214. locality 122. x2 .2. t: MGUH 
19068. GCI 56667. locality 77. xl.6. All figures are SEM micrographs except f-h and p-t which are light photographs. 
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Selaginella selagmo,des 

Fig. 35. Modern geographical range of Selaginella selaginoides 
based on Hulten (1958) . 

breadth) . The longest cone bears c. 30 cone scales; the 
thick cone scales are rhombic in shape, up to 9 mm long 
and 7 mm broad. The bracts are small and thin, up to 3 
mm long and 1 mm broad. No stalk is preserved. 

The seed body of Larix seeds are firmly attached to 
the seed wing, while in Picea the seed body and the seed 
wing easily separate. Also the seed body of Larix is 
larger than that of Picea, but both vary considerably in 
size and shape . The majority of seeds in the Kap K0-
benhavn material were identified as Larix , a few as 
Picea and a rather large fraction of worn seed bodies as 
larix or Picea . In Table 3 these three groups are united 
as are also isolated cone scales of Larix and Picea. 

The size and morphology of the needles vary consid
erably. from short, robust, dorsi-ventrally compressed 
needles with rounded apices to long, more slender nee
dles with acute or even acuminate apices, although the 
first type dominates. The needles most often have 5-6 
rows of stomata on each ventral face and 4 on each 
dorsal face . Twenty leaves of different morphology were 
studied in serial transverse sections. All had two con
tinuous lateral resin ducts running from base to apex . 

There is some disagreement about the identification 
of Picea needles. Some students of macroscopic plant 
fossils distinguish needles of P. mariana and the closely 
related P. rubens Sarg from needles of P. glauca 
(Moench) Voss by the presence of two lateral resin 
ducts (J . H. McAndrews, pers . comm; H. J. B. Birks 
1976). However, many others consider this character 
unreliable, and do not identify Picea needles beyond the 
generic level (R. G. Baker. pers . comm.; J. V. Mat
thews. pers. comm.; H . E . Wright, pers. comm.; Watts 
& Winter 1966). The same disagreement exists among 
neo-botanists (Durell 1916. Marco 1932, Duman 1957) . 
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In order to clarify the problem the writer has exam
ined a number of needles taken from herbaria speci
mens at the Botanical Museum in Copenhagen (Table 
5) . The needles were kept in separate envelopes and 
probably originate from only a limited part of each tree. 
P. mariana and P. rubens frequently hybridise, while 
hybrids between P. mariana and P. glauca are rare (Hui
ten 1968) . No needles of hybrids were examined. 

In general P. mariana needles are short with rounded 
apices and flattened cross-section , while needles of P. 
glauca are long, slender with acute apex and quadrangu
lar cross-section. P. rubens needles (only two collec
tions) are large, flattened with rounded apex. The ana
tomical results are in complete agreement with Duman 
(1957): needles of P. mariana and P. rubens have two 
continuous resin ducts running from base to apex, while 
the needles of P. glauca may have resin sacs up to 3 mm 
long. Resin ducts were not observed in P. glauca nee
dles, but often two resin sacs are located at the same 
level , and a cross-section at this level would show two 
resin cavities resembling true ducts. This is undoubtedly 
what is figured by Marco (1932, plate 9, fig . 1) . 

The needles from Kap K0benhavn have two resin 
ducts and therefore are not from P. glauca. Considering 
the size of the needles from Kap K0benhavn (Fig . 36) 
and the modern range of P. mariana and P. rubens, it i~ 
concluded that they most likely come from P. mariana. 
Also the size of the cones from Kap K0benhavn corre
sponds to P. mariana cones, while they are smaller than 
P. rubens cones. 

Recent distribution. - Picea mariana (black spruce) i~ 
a major component of the boreal forests of North 
America (Fig. 37). 

Ecology . - This spruce grows primarily on poorly 
drained sites , such as are found in wet land areas and on 
permafrost. It reproduces commonly through layering: 
by rooting of lower branches that are pressed against 
the ground and produce roots and erect stems (Stanek 
1961 ). 

Larix groenlandii Bennike, sp. nov . 
Figs 34n-t, 38a-e 
Diagnosis . - The cones are elliptic to ovate in outline 
and very variable in size : 12-32 mm long (mean 22 .7 
mm) and 8-17 mm broad (mean 12.1 mm) (n = 44, Fig. 
39) . They bear numerous, up to about 60, cone scales, 
which are broadly obovate , up to 7 mm long and 7 mm 
broad . Their margin recurves downwards. The cone 
scales are grooved when eroded, and they bear reddish. 
brittle hairs at the base. The bracts are more or less 
broken, but they are strong, large and were undoubt
edly longer than the cone scales. The cones are often 
preserved with a short, thick, curved stalk with leaf
scars. 

The seeds (exclusive of wing) are D-shaped in out
line. 2.5-3 .0 mm long. Some seeds retain the basal part 
of the membranaceous wing. A few of the seeds are still 
in the cones. 
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Table 5. Measurements of Picea needles 

Length (mm) Breadth (mm) Stomata! rows Resin 
ventral/dorsal face ducts 

Picea glauca (n a: 10) 
Nova Scotia, Canada 12(10-14) 1.0(0. 9-1.2) 413(4/3- 3/2) 0 
Nova Scotia, Canada 12(10-13) 1.0(0. 9-1.1) 4/3(4/4-3/2) 0 
Alberta, Canada 10( 8-13) 1.6( 1.4-1.8) 4/3(5/4-3/2) 0 
Michigan, U.S.A. 13(10-15) 1.1(0.9-1.4) 4/3(5/4-4/2) 0 
Michigan, U.S.A . 15(13-17) 1.0(0.9-1.2) 4/3 ( 4/3-3/2) 0 

Picea mariana (n= 10) 
British Columbia, Canada 8 (6--10) 1.6(1.2-2.1) 5/3(7/4-4/2) 2 
Wisconsin, U.S.A. 7 (6-- 8) I. I (1.0-1.2) 6/3(6/3-5/3) 2 
N.W. Territories, Canada 8 (6-- 9) 1.5(1.2-1.9) 6/4(6/5-5/3) 2 
Quebec, Canada 11(8-12) 1.8( 1.5-2.0) 5/3(6/4-5/2) 2 
Alberta. Canada 8 (6-- 9) 1.2(1.0-1.5) 5/3(7/3-4/2) 2 

Picea rubens (n = 10) 
North Carolina, U.S.A. 10( 9-12) 1.3(1.2-1.4) 5/2(6/4-4/2) 2 
Nova Scotia. Canada 15(12-18) 1.6(1.4-1.8) 6/3(7/4-5/3) 2 

Fossil needles from the Kap K0benhavn Formation (n=44, 56692) 
6( 4-10) 

Most of the thin, flat semi-translucent needles are 
broken into small pieces. The complete needles mea
sured up to 20 mm in length. 

Wood, branches, twigs and trees of Larix are com
mon in the upper part of the Kap K0benhavn Forma
tion. The trees are small and usually of stunted growth 
form. 

Holotype. - MGUH No . 19064, GCI 53214, Fig. 34p 
Type locality. - Locality 122, Kap K0benhavn, North 

Greenland. 
Type stratum. - Unit 83 , the Kap K0benhavn Forma

tion. 
Age. - Plio-Pleistocene. 
Material. - Numerous twigs, some with cones, c. 95 

cones, cone scales, seeds, c. 1200 needles and needle 
fragments, wood fragments and tree trunks. 

Remarks. - Because the bracts are longer than the 
cone-scales, the Larix cones from Kap K0benhavn be
long in the section Multiseriales Patschke which corn-

o-L--------6------a------,b 
Length (mm) 

60 80 100 Lines 

Fig. 36. Picea marimw. Relationship between leaf length and 
breath in 44 leaves from GCI 56692. Large dots indicate two 
specimens of same size. Mean length is 60 mm. mean breadth is 
1.4 mm. 
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1.4(0.8-2.1) 6/4(8/5-4/2)* 2•• 

prises the following extant species according to Osten
feld & Larsen (1930): Larix griffithiana (L. & G.) Carr., 
L. mastersiana Rehd. Wils., L. potanini Batal., L. lyal
lii Parl. and L. occidentalis Nutt. All species within this 
section are confined to small mountain areas, the first 
three in southeast Asia, the last two in the Rocky 
Mountains. The other species of Larix belong in the 
section Pauciserialis Patschke. Many of these species, 
such as L. laricina (Du Roi) K. Koch of North America, 
L. sibirica Ledb. and L. gmelini (Rupr.) Gordon of 
northern Asia are distributed over enormous areas. 

The cones of L. griffithiana, L. mastersiana, L. pota
nini, L. lyallii are larger or much larger than the cones 
from Kap K0benhavn. The cones of L. occidentalis, 
which bear about 65 cone scales, are 25- 35 mm long and 
20-30 mm broad, i.e. somewhat larger than the cones 
from Kap K0benhavn. In addition, this species which 
grows well below the local alpine tree line attains 
heights of 50-80 m, and it is of slender growth form 
(Simak 1971, Ostenfeld & Larsen 1930). 

From Siberia a number of extinct Larix species have 
been described, of which L. omoloica Dorofeev and L. 
minwa (Vassk.) Dorofeev resemble the Larix from Kap 
K0benhavn. The cones of L. minuta, however, only 
attain a length of 14 to 18 mm, and the cone-scales are 
reniform (Vas'kovskij 1956) . It should be noted that 
Larix minuta was originally described as Tsuga minuta. 
The new combination Larix minwa has not been for
mally proposed. The cones of L. omoloica were de
scribed by Dorofeev ( 1969), and the species was for
mally established in 1972 (Dorofeev 1972). The species 
is also described by Bobrov ( I 972) . The cones are ellip
tic to ovate in outline, 23- 36 mm long (usually 26-30 
mm) and 16-22 m broad. The numerous. thin cone 
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Picea mariana Thuja occidentalis 

Cornus stotomfera Scirpus microcarpus 

Fig. 37. Modern geographical range of selected species of Nearctic boreal distribution. Range of Picea mariana and T/111ja 
occidentalis based on Little (1971). range of Camus stolonifera and Scirpus microcarpus based on Hulten (1968). 

scales are somewhat spoon-shaped. The bracts are bro
ken, but they are probably longer than the cone scales. 

The cones from Kap K0benhavn are variable in size. 
but generally smaller than the cones of L. omoloica. 
The cone scales are also smaller and more numerous, as 
compared with the figures of Dorofeev (1972, plate 1, 
fig. 1-23) . 

The Larix cones from Kap K0benhavn resemble the 
cones of L. omoloica. but they are sufficiently different 
from this species and from L. occidentalis to be separ
ated as a distinct species named L. groe11/a11dii. 

Notes 011 history. - L. mi1111ta has tentatively been 
identified from a number of Neogene floras in northern 
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North America (J . Wolfe, J. V. Matthews. C. 
Schweger. R. Stockey, pers. comm.) . 

Larix cf. omoloica Dorof. cones were listed from the 
Beaufort Formation. Duck Hawk Bluffs, southwestern 
Banks Island by Hills (1975). Unfortunately these cones 
have not been described. The same applies to a Larix 
sp. cone listed by Hills & Matthews ( 1974) from the 
Beaufort Formation on Meighen Island. 

Larix groenlandii cones have recently been identified 
from Late Cainozoic sediments near Strathcona Fjord, 
eastern Ellesmere Island (0. Bennike & J. V. Mat
thews. unpublished). 

Some wood from the Beaufort Formation, Ballast 
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Fig. 38. Remains of Larix groenlandii. a: Twig with four wind-eroded cones and several "short" shoots and some bark still 
adhering. MGUH 19069, GCI 53244. locality 127. b: Cone. MGUH 19070, GCI 56692, locality 119. c: Cone. The large bracts 
places the cone in the section Multiseriales . MGUH 19071 , GCI 53214, locality 122. d: Cone , MGUH 19072, GCI 53214. locality 
122. e : Dorsal view of needle . MGUH 19073. GCI 56693. locality 119. 
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Fig. 39 . Larix groe11/a11dii. Relationship between length and 
breadth in 44 measurable cones from 53214, 53300, 56692, 
64971 and 64987. Mean length is 22 .7 mm , mean breadth is 
12.1 mm . The cones were dry when measured. 

Brook, northwestern Banks Island, was described by 
Roy & Hills (1972) and named Laricioxylon occidenta
loides sp. nov. It was stated that the wood cannot be 
differentiated from that of Larix occidentalis. In fact, 
wood from the different , extant Larix spp. cannot be 
distinguished anatomically (Budkevich 1955) , and the 
wood from Banks Island might more properly be re
ferred to as Larix sp. 

According to Matthews & Ovenden (in press) Larix 
needles are the dominant conifer fossils in many Neo
gene floras from northern North America, in contrast 
with Late Quaternary samples from the north which 
often contain only Picea needles. 

Cupressaceae 

Thuja occidentalis L. 
Figs 40, 4la-d 
Material. - 97 leafy twig fragments, one twig with three 
cones and three dispersed cones with seeds (from GCI 
53214), 1 seed (GCI 53267), one bush with some adher
ing bark (GCI 64954,2) and one wood fragment (GCI 
56667,29). 
Remarks . - The twigs, which are flattened, bear oppo
site , scale-like, pointed leaves. The middle leaves have 
a distinct gland . The cones are oviform , 6-7 mm long 
with 8 opposite hard scales , of which only the middle 
ones are fertile . The seeds (1 dispersed and 7 picked out 
of the cones) are elliptic with a membranaceous wing 
and are 2.7-3.5 mm long including the wing. 

The bush is of tree growth form but it is too small (75 
cm) to qualify as a tree. Its branches have been de
formed by heavy snow cover. The bark is thin and 
fibrous . The specimen was apparently shallowly rooted. 
The wood fragment has crossfield pits of the cupressoid 
type and lacks resin channels . 

Modern cones of T. occidentalis from eastern North 
America measure 8.5-12 mm in length. The fossil cones 
are markedly smaller. Perhaps this small cone size is a 
consequence of the short growing season in North 
Greenland . Alternatively, the Thuja from Kap K0bcn
havn may be a different taxon from the modern Thuja 
occidental is . 

Recent distribution. - T. occidentalis is found in east
ern North America (Fig. 37). 

E 
E 
I.!) 

Fig. 40. a : Twig of Thuja occidewalis L. with scaly leaves and three small cones . MGUH 19074. GCI 53214 . locality 122. b: Twig of 
Thuja occidentalis . MGUH 19075 . GCI 56693. locality 119. 
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Ecology. - T. occidentalis, a small to medium sized 
tree, grows both in swamps, along streams and lakes, 
and on uplands but not in very wet and very dry sites. It 
thrives best on moist, well drained, neutral or alkaline 
soils, and it usually grows in forests consisting of a 
mixture of conifers and hardwoods, or in the boreal 
forest. Common tree associates include Picea glauca, P. 
mariana, Larix laricina, Fraxinus nigra Marsh., Acer 
rubrum L., A. saccharum Marsh., Ulmus americanus L. 
and Betula papyri/era Marsh (Fowells 1965). 

Notes on history. - Thuja occidentalis and Thuja cf. 
occidentalis have been reported from Miocene and Plio
cene deposits in Poland (Kolakovskij 1954, t.ancucka
Srodoniowa 1966). These records from Europe, which 
are based on compressed twigs with leaves, are in need 
of revision. Thuja cf. occidentalis twigs and/or leaves 
and cones are reported from the Beaufort Formation on 
Meighen Island, and at several other Beaufort Forma
tion localities, including Duck Hawk Bluffs (Hills & 
Matthews 1974, Matthews et al. 1990). Wood of ?Thuja 
sp. reported from northern Ellesmere Island, which has 
been radiocarbon dated to> 37 000 years B.P., prob
ably also originates from the Beaufort Formation 
(GSC-1206, Lowdon et al. 1971). The oldest records of 
the species from its present range are in interglacial 
deposits of probably Sangamonian (last interglacial) age 
(Terasmae 1960, McAndrews 1972). 

Taxaceae 

Taxus sp. 
Fig. 4le 
Material. 1 branch and 1 leaf (GCI 56618, locality 17, 
unit B3). 
Remarks. - The branch was sampled and identified by 
G. S. Mogensen (pers. comm). The wood, which is 
easily recognisable, is typical gymnosperm wood with
out resin ducts. The tracheids are characterised by well 
developed distinct spiral thickenings on the internal 
walls. The needle is 4.3 mm long and 1.5 mm wide, it is 
narrow elliptic with acute apex. The lamina is thin. 

Some students of Taxus regard the numerous forms as 
a single species, T. baccata L. (Pilger 1926), comprising 
seven geographically separated subspecies. Most taxo
nomists, however, give these closely related taxa specif
ic rank, but knowledge of the geographic province may 
be the only reliable means of separating the species 
(Ferguson 1978). Bearing these uncertainties in mind, 
no identification to the species level was attempted for 
the fossils. 

Recent distribution. - The range of Taxus spp. is 
discontinuous circumpolar, boreal. 

Ecology. - Tarns is a small evergreen tree or bush. It 
is most commonly found on upland sites, but also 
thrives in boggy areas (Godwin 1975). It shows some 
preference for alkaline soil. The species usually occur as 
undergrowth of forests and thickets. 

Notes on history. - The evidence from the Kap Kl?l-
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benhavn Formation suggests that Taxus had a circum
polar range as late as the Late Pliocene. The present 
discontinuities are probably due to ecological factors: 
Taxus does not grow in the continental climate of the 
interior parts of the continents. Apparently the Taxus 
forms have not been geographically isolated for suffi
cient time to allow well defined species to evolve. 

Angiospermae 

Nymphaceae 

Nuphar lutea tp. 
Fig. 41f 
Material. - 1 seed (GCI 53214). 
Remarks. - The seed which is slightly fragmented is 4.2 
mm long, 2.1 mm broad and ovate in outline. A circular 
aperture indicates the position of the operculum. The 
raphe ridge is indistinct. The hilum is situated at the 
margin of the aperture. The external surface of the testa 
is marked by polygonal, isodiametric sclereids. Close to 
the aperture they become elongated (cf. Dorofeev 1963, 
fig. 25, 3). The surface of the seed is smooth, black and 
lustrous. 

According to some neo-botanists the genus Nuphar 
consists of only one, polymorphic species, N. lutea (L.) 
Sibth. & Sm., but most specialists assume from 7 to 20 
extant species (Li 1955, Tutin et al. 1964-1980) and a 
number of extinct species (Dorofeev 1974). 

Recent distribution. - The genus is widely distributed 
in the northern hemisphere. Only the three closely re
lated species: N. lutea of Eurasia, N. variegatum En
gelm. of eastern and central North America and N. 
polysepalum Engelm. of western North America (the 
Nuphar luteum complex of Hutten (1971), reach the 
Subarctic. No species extend into the Arctic. 

Ecology. - Nuphar lutea is a water plant with big 
floating, long-petioled leaves which rise from a sub
merged rhizome. The fruit is ovoid and contains numer
ous seeds. The plant grows in lakes and slow streams, at 
water depths up to about 3 m. N. lutea flourishes in 
eutrophic water but it also grows in mesotrophic water. 

Ranunculaceae 

Ranunculus spp. 
Rather poor preservation combined with inter- and in
traspecific variation posed problems in the identifica
tion of Ran1111c11/11s nutlets. No doubt a number of spe
cies are represented. 

Ram111cul11s hyperbore11s tp. 
Figs 4lg-h 
Material. - 25 nutlets. 
Remarks. - The nutlets are flattish and more or less 
D-shaped in outline. They measure 1.2-1.6 mm in 
height. The surface is smooth, the colour is yellowish. 
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Fig. 41. a-d : Tlwja occide111a/is remains. a-b: Cones. a: MGUH 19076, GCI S3214 , locality 122, x3.6. b: MGUH 19077 , GCI 
S3214, locality 122. x3.6. c: Twig, MGUH 19078, GCI S3203, locality 119, x4. d: Seed, MGUH 19079, GCI 53214, locality 122. 
xl3 .2. e: Ta.rns sp. leaf, MGUH 19080, GCI 56618, locality 17, x9.6. f: Nuphar lwea tp. seed, MGUH 19081 , GCI 53214, locality 
122. xl0.6. g-h: Rammcu/11s hyperboreus tp. nutlets. g: MGUH 19082, GGU 197159, locality 50, x32 . h: MGUH 19083, GGU 
197158, locality 50, x35. i-1: Rammcu/11s cf. pal/asii nutlets. i: MGUH 19084, GGU 197124, locality 50, x8.5. j: MGUH 19085. GCI 
53266, locality 132. xl2.7. k: MGUH 19086, GCI, 56692, locality 119, xl2.7. I: Detail of k showing sclereids , xl05. m: Papaver 
sect. Scapiflora seed, MGUH 19087. GGU 197151, locality 50, x77. All figures are SEM micrographs excepth a-c and e which arc 
light photographs. 

This nutlet type, or rather types , compare with nut
lets of such extant species as R. reptans L., R . hyperbo
reus Rottb. and R. pygmaeus Wbg. 

Recent distribution. - Widely distributed . 
Ecology. - Ranunculus spp. are herbs with cauline 

leaves and usually yellow flowers. Many species, in
cluding the three mentioned, grow in moist or wet habi
tats. 

Ranuncu/11s cf. pal/asii Schlecht 
Figs 41i-l 
Material. - 10 outlets. 
Remarks. - Nutlets are flattish, the shape in outline is 
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assymetrically obovate , adaxial margin slightly and 
abaxial margin moderately convex. The nutlets arc 
3.4--4 .0 mm high. The surface is smooth, the colour i~ 
yellowish . 

This type is mostly distinguisable from the former 
type by its larger size and thicker wall. It compares in 
shape with Rammculus pallasii, but the outlets of that 
species are larger, 4-5.2 mm high . Part of the difference 
may however be due to abrasion of the fossil outlets. 

Recent distribution. - R. pal/asii is discontinously 
circumpolar in distribution . It is a boreal and low arctic 
species which does not occur in Greenland today (range 
map in Hutten 1968). 



Ecology. - R. pa/lasii grows in shallow water in 
ponds, and along the margins of freshwater pools. 

Anemone sp. 
Material. - 5 nutlets 
Remarks. - The nutlets are flattened and somewhat 
D-shaped in outline and tapered at both ends. The apex 
bears remains of a style. The surface is smooth. The 
nutlets are c. 3.2 mm high and c. 2.0 mm broad. 

Most species of Anemone have hairy nutlets. The 
hairs of modern specimens were removed by treatment 
with a cold 9: l mixture of acetic anhydride and concen
trated H2S04 to enhance comparability with fossil mate
rial. 

Recent distribution . - Anemone is a genus of c. 120 
species, some of which reach the Arctic today (Polunin 
1959) . 

Ecology. - Most members are perennial herbs. They 
grow in diverse habitats, such as forests, heaths, rocky 
areas and grassy areas . 

Papaveraceae 

Papaver sect. Scapiflora Reichenb. 
Fig. 41m 
Material. - 3 seeds (GGU 197151 & 197163, locality 50, 
unit B3, GCI 56666, locality 77, unit B3). 
Remarks . - The shape of the seed is narrowly reniform 
in outline , usually somewhat larger at one end than the 
other. The testa is semi-translucent, with an indistinctly 
reticulate surface. 

It is impossible to separate the many forms of Pa
paver sect. Scapiflora by seed characters (Bell & Dick
son 1971 , Berggren 1981 , Gunn & Seldin 1976, Conolly 
1958). The section includes a number of species com
plexes, species and subspecies such as Papaver alpinum 
L., P. radicatwn Rott b., P. lapponicum (Tolm.) Nordh. 
and P. nudicaule L. (see Knaben 1959) . 

Recent distribution . - The species of the section Sca
piflora are circumpolar in distribution . 

Ecology. - Scapiflora species are very common in 
arctic and alpine regions, especially in open habitats. 
They become more and more widespread towards the 
north, and are a dominant member of the most depau
perate vegetation which borders the Arctic Ocean and 
which has been termed the Papaver dahlianum Nordh. 
zone in Svalbard (Brattbakk 1986). In the Low Arctic 
species of the section are mostly confined to fell-field 
sites with little snow cover during the winter. In the 
High Arctic they may grow in areas with a long lasting 
snow cover. Scapiflora species grow in both acidic and 
alkaline soils , but they show some preference for calca
reous soil. 

Betulaceae 

Belltla na11a L. 
Figs 42, 43 . 44a-b 
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Material. - c. 1580 nutlets, 100 catkin scales and 960 
leaves. 
Remarks. - The fruit is a small, flattened, winged nut
let. The shape (exclusive of wings) is elliptic in outline, 
the wings are translucent and much narrower than the 
nutlet body. The catkin scales are small , about 3 mm 
long, with 3 nearly parallel lobes. The scales lack a 
resinous hump on the back, a feature characteristic of 
B. glandulosa Michx. However, the hump may not per
sist during fossilisation (Miller & Thompson 1979) . The 
leaves are orbicular, with truncate base , and usually 
broader than long. This shape places the leaves in the 
species B. nana . 

Remains of B. na11a are the most common vascular 
plant fossils in the type section of the Kap K0benhavn 
Formation . 

Recent distribution . - B. 11ana is a boreal , arctic and 
alpine plant (Fig . 45). According to most students of the 
modern dwarf birches, B. nana is completely replaced 
by B. gland11/osa in central North America (e.g . Scog
gan 1978-79) , and perhaps also in western North Amer
ica , although it is regarded by Hulten (1971) as a cir
cumpolar species , extending across the Canadian Low 
Arctic. According to the range map of Meusel et al. 
( 1965) the distribution of Beuila na11a only extends from 
western Siberia to Baffin Island. 

The species has its main area of distribution in the 
northern boreal and low arctic regions , but it has out
posts in the High Arctic and in more southern areas, 
where it occurs in low competition areas, presumably as 
a relict from the late glacial period. In Greenland its 
northern limit is at 76°N. 

B. nana tolerates both oceanic and continental types 
of climates. In Greenland it is distinctly continental , 
especially towards the north , while in Scandinavia it 
grows westwards to Bergen where the climate is ex
tremely oceanic . T . Bacher ( 1972) proposed that the 
species survived the last glacial period in Greenland, 
during which a reduction in its gene-pool took place. 
However , according to palynological studies by Funder 
( 1978) and Fredskild ( 1985) , the species immigrated to 
Greenland during the Holocene . 

Ecology. - B. na11a primarily grows in bogs and in 
moist heaths. In Greenland it is often dominant in 
dwarf-shrub heaths on moist or dry ground, but it also 
grows in fell-field areas and in bogs. It prefers acid or 
neutral soil. In the inner fjord areas of central East and 
West Greenland B. nana is often prevalent. It may form 
extensive B. nana heaths, but usually the heaths consist 
of a mixture of several dwarf shrubs and herbs . 

Notes on history. - Leaves , nutlets and catkin scales 
of "Bew/a cf. nan a L. or glandulosa Michx. " were re
ported from the Beaufort Formation on Meighen Island 
by Hills & Matthews (1974) . Later, Matthews (1987) 
reported that a few of the fossils resemble nutlets and 
catkin scales of B. glandulosa . In the taxa list , only 
Betula (low shrub type) was indicated. Bracts of Betula 
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Fig. 42. Belltla 11a11a leaves. Note that many leaves are broader than long. (MGUH 19088-19107, GCI 56606, locality 15). 

dwarf shrub type also occur on Prince Patrick Island 
Beaufort Formation (Matthews et al. 1990). 

Betula nana remains are very common in late Qua
ternary deposits from Europe (Tralau 1963). The oldest 
record is from Great Britain, in deposits of Beestonian 
(middle Pleistocene) age (Godwin 1975). 

Beat/a alba L. sensu lato 
Figs 43, 44c-d 
Material. - c. 175 nutlets and 30 catkin scales. 
Remarks. - The fruit is a winged nutlet, with wings of 
about the same breadth as the nutlet body. The catkin 
scales are 3-lobed, c. 4 to 8 mm long, very variable in 
size and shape. The lateral lobes are only slightly 
broader than the central lobe, and the angle between 
the central and the lateral lobes is rather small. Most 
scales are longer than broad. 

The shape and size of the catkin scales within the 
different tree birch species are quite variable when sam
ples from the whole range of a species are considered. 
The catkin scales from the Kap K0benhavn Formation 
show closest resemblance to scales of B. pubescens ssp. 
tortuosa (Led.} Schneid. (Bialobrzeska & Truchanowic
z6wna 1960) which grows in northern Europe (map in 
Hulten 1962). They also resemble scales of some collec
tions of B. papyri/era and B. occidentalis Hook. which 
grow in North America (Kriissmann 1960). 

These three taxa are regarded by Hulten ( 1962) as 
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part of B. alba s. I. Most taxanomists give this taxon 
rank of section or subgenus. 

Recent distribution. - The range of B. alba s.l. is 
circumpolar, boreal. 

Ecology. - The arboral birches are important consti 
tuents of the boreal forests, and in northern Europe B. 
pubescens forms the tree line. 

Alnus cf. crispa (Ait.) Pursh 
Figs 44e-f 
Material. - 11 female catkins. a few catkin scales and 
one nutlet. all from unit B3. 
Remarks. - The complete catkins measure 11 - 12 mm in 
length. The catkin scales compare with A. crispa in 
shape and size. The single recovered nutlet does not 
retain the wing. The fruits are rather characterless and 
may have been overlooked. 

At present the genus Alnus comprises about 30 spe
cies distributed in the northern hemisphere. Some of 
the species may produce fertile hybrids. A number of 
extinct species have been described from Tertiary de
posits. From the Beaufort Formation three Alnus taxa 
have been recorded: Alnus (Alnobetula) sp. (which in
cludes A. crispa). Abws cf. incana L. (Moench} and 
Alnus cf. tertiaria Dorof. (Matthews 1987). 

Recent distribution. - A. crispa ranges from central 
Siberia through North America to western Greenland, 
where it grows northwards to Evighedsfjord (66°N). It is 
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Fig. 43. Variability of catkin scales of Betula . There is no abrupt change between small Betula 11a11a type scales, and larger Betula 
alba L. s. I. type, suggesting that hybridization took place. a,k,q,u: GCI 53286, locality 130. b,d,h-j,m-p,s,t,a,2: GCI 64956, 
locality 141. c,e: GCI 56688, locality 119. f,1,3 : GCI 56693, locality 119. g,x: GCI 53267, locality 132. r,y,5: GCI 56666, locality 77. 
v, I: GCI 64972, locality 152. z,6,7: GCI 53265, locality 132. 0 : GCI 53263, locality 132. 4: GCI 53266, locality 132. MGUH 
19108-19142. 

the only Alnus species to reach the Arctic today, but it 
grows most commonly in the boreal forest zone and in 
the Subarctic. 

Ecology. - A. crispa is an ascending shrub 1-4 m in 
height. which forms dense scrubs on wet ground along 
rivers and lake shores, but it also occurs in upland areas. 

Polygonaceae 

Oxyria digyna (L.) Hill. 
Figs 44g-h 
Material. - c. 150 nutlets 
Remarks. - The nutlets are strongly compressed, 
broadly winged elliptic, about 3.5 mm long. Usually the 
outer parts of the lateral wings of the nuts are absent. 

Recent distribution. - Oxyria digyna is an arctic-al
pine monomorphic plant species of circumpolar distri
bution. but it also occurs as a relict from the late glacial 
at a few north temperate sites, in areas of low competi
tion. It is common throughout Greenland (Fig. 46). 

Ecology. - Oxyria digyna is a small perennial herb 
which is found in a wide range of habitats, from snow
patches. heaths to fell-fields, but it favours open soil. 

Polygo1111m sp. 
Figs 44i-k 
Material. - 3 nutlets (GCI 53263, 53266. 56666 (unit 
83)). 
Remarks. - The nutlet is elliptic in outline and flattened 
in cross section but triangular prior to post-depositional 
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compression. The sides are concave. The surface is 
smooth and lustrous, and the colour is black. The length 
of the nutlets is 3.5 mm. Part of the perianth persists at 
the base of the nutlets. 

The only native Greenlandic species within this ge
nus, Polygonwn viviparum L., which hardly ever pro
duces fruits, lacks persistent perianth at the base of the 
nutlet (Berggren 1981 ), and also has a very different 
shape. 

Recent distribution. - The genus is almost cosmopol
itan . P. viviparum is the only species which is widely 
distributed within the Arctic, but a few other species 
reach the southern part of the Arctic. 

Ecology. - The genus consists of annual or perennial 
herbs which often inhabit damp or wet sites. 

Rumex acetosa L. 
Figs 441-m 
Material. - 4 perianths (GGU 197128, locality 50, unit 
B 1; GCI 53214, locality 122, unit 83; 53288, locality 
131, unit 83; 64988, locality 77, unit 83) . 
Remarks. - The inner perianth segments are cordate at 
the base. have a small tubercle and are very thin at the 
margin. These features are characteristic of R. acetosa. 

Recent distribution. - R. acetosa is circumpolar in 
distribution, but is not native in central and eastern 
North America. It grows in temperate climates. In 
southern Europe it is montane. In Eurasia its northern 
limit is slightly north of the arctic tree line. It occurs in 
arctic Alaska, in southernmost Greenland, in Iceland 
and on Spitsbergen. 
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Fig. 44. a-d: Bew/a nutlets. a-b: Be1ttla 110110 Ip . a: MGUH 19143, GCI 56692, locality 119, x20. b: MGUH 19144, GCI 56606. 
locality 15. x18.9. c-d: Bew/a alba s. I. tp. c: MGUH 19145, GCI 56688, locality I 19, x17.2. d: MGUH 19146, GCI 53263, locality 
132. x13. e: Al1111S female catkin ("cone"). MGUH 19147, GCI 53262, locality 75 , x3.7. f: Al1111s catkin scale, MGUH 19148. GCI 
53290. locality 131. xl3.6. g-h: Oxyria digyna nutlets. g: MGUH 19149, GCI 53288, locality 131, xl2.7. h: MGUH 19150. GCI 
53288. locality 131. x5.6. i-k: Polygom1111 sp. nutlets. i: MGUH 19151 , GCI 35263, locality 132, xll.4. j: MGUH 19152, GCI 
56692, locality 119, xl 1.4. k: MGUH 19153, GCI 53263, locality 132, xl4.6. 1-m: Rumex acetosa inner perianths. I: MGUH 19154. 
GCl 53214, locality 122. xl4 .5. m: MGUH 19155, GCI 53288. locality 131, xl I. I. All figures are SEM micrographs except c-c and 
h-j which are light photographs. 

Ecology. - R. acetosa is a coarse herb which chiefly 
grows in rather damp, sheltered sites, such as in grassy 
areas, scrubs, woods and heaths . 

Caryophyllaceae 

Seeds of Caryophyllaceae are rare and badly preserved. 
Because of this, a restricted reference collection. and 
intraspecific variation (Wyatt, 1984), identifications 
within this family are tentative . 
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Cerasti11m cf. arcticum Lge.lalpinum L. 
Figs 47a-d 
Material. - c. 5 seeds. 
Remarks. - The seeds are semicircular in outline and 
measure c. 1.3 mm across. The epidermal cells of the 
concave lateral face of the seeds are elongate, with 
raised centres and strongly undulating anticlinal walls. 
The epidermal cells of the periphery of the seeds are 
tuberculate. 

The seeds are tentatively referred to either C. arcti-
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Fig. 45. Modern geographical range of Be11ila nana and Dryas octopeta/a, two species which do not grow in central North America 
today. Based on Hulten (1970). 

cum or C. alpi1111m on account of their large size. These 
species are closely related and they readily hybridize. 

Recent distribution . - The range of the two species is 
circumpolar. Together they are widely distributed in 
arctic and alpine regions. 

Ecology. - The species, which are small, usually 
tufted herbs, are most common on dry or slightly moist 
gravelly soil with open vegetation, but they both toler
ate a wide range of habitats . 

Stel/aria sp. 
Figs 47e-f 
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0 

Material. - c. 10 seeds. 
Remarks . - The seeds are broadly elliptic in outline. 
The epidermal cells are elongate with strongly undulat
ing anticlinal walls. The seeds measure about 0.9 x 1.0 
mm in outline. They are comparable to seeds of some 
Stellaria species. 

Recent distribution and ecology. - The genus is 
widely distributed both geographically and ecologically. 

?Arenaria sp. 
Fig. 47g 
Material. - I seed (GCI 53214, locality 122, unit B3). 
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Oxyria digyna 
Vaccinium u/1ginosum 
ssp. microphy/lum 

Fig. 46. Modern geographical range of Oxyria digyna and Vaccinium 11/iginosum, two plants of arctic/alpine circumpolar range. 
Based on Hulten (1970) . 
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Fig. 47. a-h : Caryophyllaceae seeds. a-d: Cerasriw11 cf. arcricumla/pi1111111 . a: MGUH 19156. GCI 56692. locality 119. x48. b: Detail 
of a. x200. c: MGUH 19157. GGU 197153. locality 50. x29. d: Detail of c, x!OS . e-f: Srellaria sp. e : MGUH 19158. GGU 197158. 
locality 50. x30. f: MGUH 19159. GGU 197159. locality 50. x34. g: ?Arenaria sp .. MGUH 19160. GCI 53214, locality 122. x42. h: 
Mela11dri11111 affinelang11stifolium. MGUH 19161. GGU 197114. locality 50. x31. i-k: Viola sp. seeds. i: MGUH 19162. GCI 53263. 
locality 132. x23. j: MGUH 19163. GCI 56692. locality 119. x27. k: Surface detail of j showing endotestal crystal cells. The outer 
layers of the testa are eroded away. xS!O. I: Arabis cf. alpi11a seed , MGUH 19164, GGU 197119. locality 50. x30. m-o: Sa/ix 
reticulata leaves. m: MGUH 19165 . GCI 56606. locality 15. xl6.9. n: MGUH 19166, GCI 56606. locality 15. x7 . I. o : MGUH 
19167. GCI 56606. locality 15. x6.0. p: Sa/ix sp. capsule. MGUH 19168. GCI 56649. locality 57. x13 .0. All figures are SEM 
micrographs except I and n-o which are light photographs. 
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Remarks. - The shape of the seed is reniform in outline, 
and the marginal notch is shallow. The outer periclinal 
wall of the epidermal cells is convex. The anticlinal 
walls are mostly hidden by debris , but they appear to be 
strongly undulating. The seed is 1.0 mm long and 0.7 
mm high. 

Contrary to the other Caryophyllaceae seeds from the 
Kap K0benhavn Formation this seed has retained its 
original shape. The testa is ruptured and seems to be 
brittle . 

Melandrium affine J. Vahl/angustiflorum (Rupr.) Walp. 
Fig. 47h 
Material. - I seed (GGU 197114, locality SO, unit 81) . 
Remarks . -The seed , which is fragmented , is a winged , 
semicircular Caryophyllaceae seed. The epidermal cells 
of the wing are elongate as is the case for seeds of M. 
affine and M. ang11stiflor11m of Scandinavia. The cells in 
the wing of the northern species M. apetalum (L.) Fenzl 
are isodiametric in outline. The seed measures c. 0.9 x 
1.0 mm in outline (excl. wing). 

Recent distribution. - The range of this species pair is 
circumpolar, arctic and alpine , extending southwards to 
the arctic tree line (Hulten 1968) . It does not reach 
northernmost Greenland and Canada . 

Ecology. - The species grow in dry or slightly moist 
stony, gravelly or sandy soil. 

Violaceae 

Viola sp. 
Figs 47i-k 
Matera!. - c. IS seeds . 
Remarks. - The seeds are ovoid in outline, with a line 
on one side running from top to bottom. The seeds 
easily split lengthwise from the top in a characteristic 
manner. The colour is light brown . The seeds are 
1.7-1.8 mm long and 1.1-1.3 mm broad. The outer 
layers of some of the seeds were eroded away, exposing 
the endotestal calcium-oxalate(?) crystal-cells (Singh 
1963). The crystals are regularly orientated with their 
long axis parallel to the long axis of the seed (Fig. 47). 

Because of the taxonomic complexity of the Viola 
genus (c. 300 species (Hutchinson 1967)), and due to 
the similarity of Viola seeds no specific identification 
was attempted, although it has proved feasible to iden
tify some British Viola seeds (Watts 1959. Dickson 
1970) . 

Recent distribution . - The genus is widely distributed 
in the northern hemisphere . Only seven species reach 
the Arctic (Polunin 1959), and they are confined to the 
Low Arctic, and are common only in the southernmost 
parts. 

Ecology. - Violets are predominantly small perennial 
herbs . In the Arctic they usually grow in sheltered si
tuation~ . The seeds of some species are dispersed by 
ants . No ants live on Greenland today. but fossils repre
senting 2- 3 species have been recovered from the Kap 
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K0benhavn Formation (J. Bocher 1989, Bennike & 
Bocher in press) . 

Cruciferae 

Arabis cf. alpina L. 
Fig. 471 
Material. - 1 seed (GGU 197119, locality SO, unit 81). 
Remarks. - The seed is flattened, broadly elliptic in 
outline and the margin is winged . There is a marked 
notch between the tip of the radicle and the tip of the 
cotyledons. The radicular furrow is indistinct. The seed 
is 0.9 mm long and 0.7 mm broad inclusive of the 
translucent wing which is around 90 µm broad all round. 
The testa is semi-translucent dark brown , and the epi
dermal cells are quadrangular in outline. 

The identification is listed tentative both because only 
a single fossil was found, and because seeds of some 
northern Arabis species were not available for exam
ination. 

Recent distribution. - A. alpina is an amphi-atlantic 
plant which occurs in the Low Arctic and in the moun
tains of central Europe (map in Hulten 1958) . In the 
Arctic it ranges from the Hudson Bay area eastwards to 
north-western Asia . 

Ecology . -A. alpina is a high herb with leafrosette. It 
grows in moist but well drained rocky or gravelly sites, 
often near streams. It often occurs in willow-scrubs, on 
herb-slopes and in snow-patch communities . 

Salicaceae 

Sa/ix reticulata L. 
Figs 47m-o 
Material. - 76 leaves. 
Remarks . - The leaves are very small , with a lamina 
length of around 4 mm and a breadth of around 3 mm. 
The shape of the lamina, which is coriaceous , is wide 
elliptic and symmetrical. The apex is rounded and the 
base is obtuse to rounded, somewhat decurrent in the 
smallest leaves. The margin is crenate . The petiole is 
normal and around 1.5 mm long. 

The veins, which are deeply impressed on the upper 
surface, have a pinnate pattern, the primary vein being 
of moderate size and with a slightly sinuous course. 
Secondary veins are of moderate thickness and have a 
moderate to wide angle of divergence and a slightly 
sinuous course . The tertiary veins form a reticulum 
between the secondaries. (To enhance the visibility of 
the venation some leaves were bleached in cold 10 % 
KOH for two days). 

Except for their being smaller, the leaves are similar 
to modern S. reticulata leaves . However, the extant 
species varies greatly with respect to leaf size, leaf mar
gin and shape of leaves. Several subspecies and varieties 
have consequently been described. 

Recent distribution. - The range of Sa/ix reticulata is 
nearly circumpolar. but the species is missing in Iceland 
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Sa/ix reticulata 

Fig. 48. Modern geographical range of Sa/ix reticulata based on 
Hulten (1970). 

and Greenland. It is otherwise widespread in arctic and 
alpine areas, but it does not occur in the High Arctic 
(Fig. 48). 

Ecology. - S. reticulata is a prostrate trailing shrub up 
to S cm tall. It is a common heath plant, both on dry and 
moist sites. especially in areas that are well covered with 
snow in winter. It prefers calcareous soil. 

Sa/ix spp. 
Fig. 47p 
Material. - Numerous leaves, capsules, bud scales, 
twigs and wood. 
Remarks. - Include uncharacteristic Sa/ix leaves of el
liptic shape, pinnate venation up to 4 cm long. Some 
leaves resemble Sa/ix g/auca L. leaves or leaves of Sa/ix 
arctica, the only willow species which occurs at Kap 
K0benhavn today . 

Compressed branches measuring up to 6 cm across 
occur in the bottom of unit B2 at locality 27. Apparently 
rather large willow shrubs grew in the area. 

Recent distribution. - Widely distributed. 
Ecology. - Sa/ix is a large genus mostly of shrubs. Its 

ecological amplitude is very large, from dry to wet soil, 
although its characteristic habitat is moist soil. 

Myricaceae 

Myrica arctogale Bennike, sp. nov. 
Figs 49a-h 
Diagnosis. - The shape of the fruit is ovate in outline, 
the base is broadly rounded while the apex is pointed. 
The surface is smooth but resinous glands may be pre
sent. The fruit is coalesced with two wing-like, fleshy 
scales forming a pseudocarp. The mean length of the 
fruit is 2.16 mm (Fig. SO). The ratio between the length 
of the fruit inclusive wings and exclusive wings is 
1.2- 1.S. 

Fig. 49. Myrica arctogale remains. a-g: Fruits. a: Holotype, MGUH 19169, GCI 56692, locality 119, x13 .3. b: MGUH 19170, GCI 
53267. locality 132, xl2.5. c: MGUH 19171. GCI 53266, locality 132, xl4.0. d : MGUH 19172, GCI 53214, locality 122. xl4.0. c: 
MGUH 19173. GCI 53266, locality 132, xl6.7. f: MGUH 19174. 53266, locality 132, xl4.7. g: MGUH 19175, GCI 53263. locality 
132, xlS .3. h: Female catkin axis, MGUH 19176, GCI 56692. locality 119, x7.6. All figures are SEM micrographs. 
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Fig. 50. Myrica arctogale. Length of 61 fruits from GCI 53265, 
53266 and 53286. 

Female catkin axes show that the fossil taxon had an 
inflorescence similar to that of the extant M. gale L. 

Holotype. - MGUH 19169, GCI 56692, Fig. 49a. 
Type locality. - Locality 119, Kap K0benhavn, North 

Greenland. 
Type stratum. - Unit 83, the K0benhavn Formation. 
Age. - Plio-Pleistocene. 
Material. - c. 115 pseudocarps and fruits, 3 female 

catkin axes, 1 male catkin, 4 fragments of male catkins 
and a few dispersed male catkin scales . 

Remarks. - The mean length of the fruits agree well 
with reference material of the extant Myrica gale and 
with statements in the literature (Berggren 1981, Mont
gomery 1977). However, the winglike scales are longer 
than in the reference material and in any illustrations 
seen. Thus the ratio between the length of the fruit and 
the pseudocarp in the fossil material is 1.2- 1.5, while in 
Myrica gale it is about 1.1. 

The fossil species belong in the subgenus Gale (Du
ham.) Engler which includes the extant species M. gale, 
and the extinct species M. eogale V. P. Nikitin and M. 
omoloica Dorof., described from Miocene deposits of 
Siberia (V. P. Nikitin 1976, Dorofeev 1972). 

M. arctogale is probably intermediate between Myr
ica gale and M. eogale. The fossil material from Kap 
K0benhavn has previously been referred to Myrica cf. 
eogale (Bennike 1987). 

Notes on history. - It is probably the same species as 
that called Myrica cf. gale by Matthews (1987) and 
Myrica eogale by Matthews et al. (1990) , both of which 
occur in the Beaufort Formation of arctic Canada . 

Recent distribution of Myrica gale . - This species is of 
discontinuous, circumpolar boreal distribution . It is ab
sent in Greenland and other arctic areas . It is most 
common in areas with an oceanic type of climate. 

Ericaceae 
Arctostaphylos 11va-11rsi (L.) Spreng. 
Figs 51a-c 
Material. - 12 endocarps. 
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Remarks. - Shape of endocarp elliptic in outline, ven
tral margin straight, dorsal margin curved. Length 
2.6-3 .0 mm, breadth 1.9-2.0 mm. The wall of the endo
carp is thick. 

The endocarps of A. uva-ursi are distinguished from 
those of A. alpina (L.) Spreng. and A. rubra (Rehd. & 
Wilson) Fern. by their larger size and more triangular 
outline in cross-section. 

Recent distribution. - Arctostaphylos uva-ursi is 
placed by Hutten (1962) in the group of boreal-circum
polar plants (Fig. 52). It reaches the Arctic in West 
Greenland . 

Ecology. - A. uva-ursi is a prostrate, matted dwarf 
shrub which is typical of heaths on dry ground . 

Cassiope tetragon a (L.) D. Don 
Material. - 2 leaves (GCI 56606, locality 15). 
Remarks. - Although the leaves appeared to be rather 
well preserved, they, like the single Empetrum leaf 
which was recovered, disintegrated during study. The 
Cassiope leaves are very characteristic, being scale-like 
with revolute margins and a deep furrow on the upper 
side. 

Recent distribution. - C. tetragona is almost circum
polar in distribution, and virtually confined to the Arc
tic, where it is often abundant. It is missing from the 
southernmost part of Greenland, but in North America 
and in western Siberia it extends southwards to the 
arctic tree line. 

Ecology. - The species is a dwarf-shrub up to 25 cm 
high, which forms Cassiope heaths on slightly moist 
ground such as that which is covered with snow for a 
fairly long period during the winter. It also occurs on 
more dry or more moist ground, as a member of differ
ent plant communities. 

Fossil occurrence . - Cassiope cf. tetragona twigs have 
been recovered from the Beaufort Formation on 
Meighen Island (Hills & Matthews 1974, Matthews 
1987) . 

Ledwn palustre L. 
Figs 51d-e 
Material. - 7 leaves and leaf fragments. 
Remarks - The leaves referred to L. palustre are linear 
to oblong with strongly revolute margins, have a reticu
late surface and measure 1- 2 mm in breadth. Because 
they are narrower than leaves of L. groenlandicum 
Oeder. they are referred to the narrow-leaved species 
L. palustre, the only other Ledum species found in 
boreal or arctic areas. 

Recent distribution. - L. palustre is a boreal-low arc
tic species of circumpolar range (Hulten 1971 ). In West 
Greenland it grows between latitude 63° and 78°N. 

Ecology. - L. palustre is an important component of 
heaths, especially moist heaths; and bogs. It demands a 
constant snow cover during the winter and a moist, 
humus rich , somewhat acidic soil. In the Arctic the 
plant is decumbent with narrow leaves , while in the 
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Fig. 51. a-c: Arc10staphylos ul'a-ursi endocarps. a: MGUH 19177, GCI 53261. locality 75 . xlS.9. b: MGUH 19178. GCI 56692. 
locality 119. xl6.0. c: MGUH 19179, GCI 56692. locality 119. xl2 . I . d-e : Ledum pa/11s1re leaves. d: MGUH 19180. GCI 53214. 
locality 122, x8 .3. e: MGUH 19181. GCI 53263. locality 132. xS .0. f-h : Andromeda polifolia remains. f-h: seeds. f: MGUH 19182. 
GGU 197129. locality 50. x44. g: MGUH 19183. GGU 197127. locality 50, x41. h: MGUH 19184. GGU 197127. xS0. i: Leaf. 
MGUH 19185, GCI 53263. locality 132. x3.8. j: Ericaceae carpel. MGUH 19186, GCI 56692. locality 119. x19. k: Oxycoccus 
palustris leaf. MGUH 19187. GCI 56692. locality 119. xl 1.0. 1-n: Vaccini11m uliginosum ssp. microphy/111111 leaves. I: MGUH 
19188. GCI 56606. locality 15. xl3.3. m: MGUH 19189, GCI 56606. locality 15, x9 .0. n: MGUH 19190. GCI 56606. locality 15. 
x8.2. o-q : Empetrum nigrwn s. I. endocarps. o: MGUH 19190. GCI 56691, locality 119. x27. p: MGUH 19192. GCI 56692 . locality 
119. x25. q: MGUH 19193. GCI 56690. locality 119. x28. All figures are SEM micrographs except d-e. hand m-n which are light 
photographs. 
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Vacciniaceae 

0xycoccus palustris 
Fig. 51k 
Material. - 3 leaves. 
Remarks. - The shape of the leaf lamina is elliptic. The 
apex is rounded and the margin is revolute . The upper 
smooth surface is grooved, while the lower surface is 
characterised by a marked, though not prominent mid
vein. The leaves are small, up to c. 5 mm long and up to 

~ c. 25 mm wide. 

, : L~ 

,;;:::::n 

Arctostaphy/os uva-ursi e~ ?-si.~ 
,.:, ,, / -l -----

Fig. 52. Modern geographical range of Arctostaphylos uva-ursi 
based on Hulten (1970) . 

boreal regions it is taller and the leaves are somewhat 
broader. The species is very common in the forest
tundra region. 

Notes on history. - Kuc (1974) reported on leaves of 
L. decumbens {Ait.) Lodd ., which is here regarded as 
the North American L. palustre, from the Worth Point 
site on Banks Island, and leaves identified as Ledum cf. 
palustre come from the Beaufort Formation on Meighen 
Island (Matthews 1987). 

Andromeda polifolia L. 
Figs 51f-i 
Material. - 7 seeds and c. 20 leaves. 
Remarks. - The seeds are black and obliquely elliptic in 
outline. The surface is smooth, firm and lustrous, and 
the hilum is distinct. The length is about 1.0 mm and the 
breadth is about 0.55 mm. The leaves differ somewhat 
from A. polifolia by having the midvein less distinct on 
the lower surface than in the modern reference mate
rial. 

Recent distribution. - A . polifolia i~ primarily a bo
real species of circumpolar distribution, but it reaches 
into the Low Arctic. In Greenland the species occurs in 
the southwestern part. 

Ecology . - The species grows in mossy bogs. in peat 
bogs. around the margins of pools and in wet, peaty 
heath areas. 

Gen. et sp. indet. 
Fig. 51j 
Material. - I seed (GCI 56606) and some carpels. 
Remarks . - The seed which is very small is badly pre
served and no identification was attempted . The carpels 
are similar to those of A. polifolia. 
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The leaves are with some hesitation referred to 0x
ycoccus palustris Pers., on account of general shape and 
indistinct midvein. In 0. palustris leaf size and to some 
degree shape are rather variable. 

No endocarps of this species were recovered, prob
ably because the endocarp wall is rather thin. 

Recent distribution. - 0. palustris is a plant of cir
cumpolar, mostly boreal range. The subspecies micro
phyllum (Lge.) Love & Love grows in northeastern 
North America and in southwest Greenland. 

Ecology. - 0. palustris grows in moist and wet acid 
soil, in bogs and in woods, and it is often found together 
with Sphagnum or growing in Sphagnum bogs. 

Vaccinium 11/iginos11m L. microphyl/um Lange 
Figs 511-n 
Material. - c. 1700 leaves. 
Remarks. - The leaves are broadly elliptic or rarely 
obovate in form. and less than I cm long (Fig. 53). 
Larger leaves or fragments of larger leaves were not 
observed. 

Small and round-leaved V. 11/igi110s11m forms a dis
tinct taxonomic unit, usually called V. 11/iginoswn ssp. 
microphy/111111, but considered a distinct species: V. 
gaultheroides Bigel. by some botanists (D. Love & Bos
caiu 1966). It may be hazardous to assign the fossils to a 
modern subspecies, but in the present case this is done 
because the subspecies microphy/111111 is distinct and 
mainly defined by the leaves - the organs preserved as 
fossils . 

Recent distribution. - According to Hulten ( 1971) V. 
11ligi110s11111 ssp. microphy/111111 is a circumpolar arctic 
subspecies (Fig. 46). It is very common in the Low 
Arctic and southern High Arctic , but does not occur in 
the most northerly parts of the High Arctic. It may grow 
in Scandinavia. Svalbard , Iceland and perhaps in some 
of the mountains of central and southern Europe (Hut
ten 1971. D. Love & Boscaiu 1966, Hulten & Fries 
1986). 

Ecology. - The subspecies is a dwarf-shrub rarely 
more than 15 cm high, with short and dense branches. 
Ssp. 11/iginoswn is distinguished from ssp. microphyl/um 
by the latter having leaves less than I cm long (Hulten 
1968. T. Bacher et al. 1978) . Vaccinium 11/iginosum 
microphy/111111 grows in heaths and bogs. It is an impor
tant constituent of dwarf-shrub heaths , especially Vacci-
11i11m-Empetrum heaths. It grows in dry gravel or very 
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Fig. 53. Vaccinium 11/iginosum spp. microphy/111111. Relation
ship between leaf lamina length and breadth in 65 leaves from 
56606. 
Mean length is 5.1 mm. mean breadth is 3.6 mm. 

moist soil, on exposed or protected places; however, it 

is most commonly encountered in areas with a snow
cover of medium duration during the winter, and with a 
slightly acid soil. 

Note on history. - Kuc (1974) reported this sub
species from the Worth Point site on Banks Island. 

Empetraceae 

Empetrnm nigrum L. sensu Jato 
Figs 510-q 
Material. - c. 175 endocarps and I leaf. 
Remarks . - The endocarps range in length from 1.3 to 
2. 1 mm (Fig. 54). have a straight ventral margin and a 
curved dorsal margin. are triangular in cross-section. 
and have a distinctive rough surface. They fall within 
the range of the endocarps of£. 11igrn111. including £. 
11igrn111 L. ssp. hermaphrodi111111 (Hagerup) Boch. Hui
ten ( 1968) states that ssp. her111aphrodi111m has "fruit 
and seed generally larger" than ssp. 11igr11111. but this 
was not apparent in the available reference material. 
The single leaf was badly preserved and disintegrated 
during the study. 

Recent distribution. - £. nigrum s . I. is of boreal and 
arctic/alpine circumpolar distribution . It does not occur 
in the northern part of the High Arctic. In Greenland it 
occurs as far north as 78°N on the west coast and 77°N 
on the east coast (Fredskild & R0en 1982). 

Ecology. - E. nigrum is a dwarf - shrub, which may 
form large mats. Within the boreal zone it grows pri
marily in meadows, especially with acid soil, but it is 
also common in open woods and in heaths . In the Arctic 
it is common not only in wet soil but also on rather dry, 
sandy or gravelly ground . It is very common in dwarf 
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Fig. 54. Empetrum nigrum s. I. Relationship between length 
and breadth in 56 fruit stones from 53286 and 56692. Large 
dots indicate 2- 5 specimens of same size . Mean length is 1.60 
mm. mean breadth is 1.10 mm. 

shrub heaths . often together with Vacciniwn 11ligi110.1w11 
and Betli!a nana, but also as the only heath specie~. 
Such pure £ . nigrum heaths occur in areas of large 
precipitation and an oceanic type of climate . £. 11ign1111 
s . I. does not tolerate areas which are free of snow 
during the winter period. 

Crassulaceae 

Sed11111 a11111111111 L. 
Figs 55a-d 
Material. - 2 fruits, 1 fragment of a fruit and 7 seeds 
(GCI 53267 , locality 132. unit 83) . 
Remarks . - The fruit consists of 5 follicles . 3- 5 mm 
long . The two complete specimens have retained the 
basal part of the tepals. as well as a few stamens. One of 
the fruits contained some small seeds. about 0. 7x0. I 
mm. with a thin testa and a smooth surface. 

Sed11111 is a large genus. and the fruits and seeds were 
only compared with the northern species. Among these 
the fossils only match specimens of S. a1111u11m. 

Recent distribution. -The range of Sedum a11111111m is 
arctic-montane. amphi-atlantic (Fig. 56) . The specie~ 
occurs in southern Greenland. Iceland. Scandinavia and 
in the mountains of southern Europe . 

Ecology. - S. m11111w11 is a small herb with succulent 
leaves which grows in dry rocky. stony or sandy places. 

Fabaceae 

Hedysarum sp. 
Figs 55c-f 
Material. - 2 seeds (GCI 53263, locality 132, unit 83 
and 56692. locality 119. unit 83). 
Remarks. - The seeds measuring 2.3xl.4 and 3.2x2.0 
mm respectively are characterised by a distinct hook. 
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Fig. 55. a-d: Sedum a11111111m remains. a-b: Fruit capsules. a: MGUH 19194, GCI 53267, locality 132, x5.l. b: MGUH 19195, GCI 
53267, locality 132, x6.3. c-d: Seeds extracted from the capsules. c: MGUH 19196, GCI 53267, x60. d: MGUH 19197, GCI 53267, 
locality 132, x78. e-f: Hedysarum sp. seeds. e: MGUH 19198, GCI 53263, locality 132, x17.0. f: MGUH 19199, GCI 56692, locality 
119, x12.5. g-h: Potentilla sp. outlets. g: MGUH 19200, GCI 56692, locality 119, x35. h: MGUH 19201, GCI 53267, locality 132, 
x28. i-1: Potentilla palustris outlets. i: MGUH 19202, GCI 64989, locality 77, x30. j: Detail of i, x26. k: MGUH 19203, GCI 56692, 
locality 119, x34. I: MGUH 19204, GCI 56692, locality 119, x32. m-n: Dryas octopetala leaves. m: MGUH 19205, GCI 56605, 
locality 15, xl0.8. n: MGUH 19206, GCI 56692, locality 119, x9.3. o: Rubus chamaemorus endocarp, MGUH 19207, GCI 56692, 
locality 119, xl3.0. p-q: Rubus arcticuslsaxatilis endocarps. p: MGUH 19208, GCI 56692, xl8.6. q: MGUH 19209, GCI 53267, 
locality 132, x17.6. All figures are SEM micrographs except a-b which are light photographs. 
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Fig. 56. Modern geographical range of Sedum anmwm based 
on Hulten (1958). 

Hedysarwn includes c. 60 species of mostly herbaceous 
perennials . The fruits are flattened and divided trans
versely into separable , one-seeded sections. 

Recent distribution. - The genus is widely distributed 
in the northern hemisphere . Three species (H. alpi1111m 
L., H. hedysaroides (L.) Schinz & Thell and H. macke11-
zii Richards) grow in low arctic and alpine areas. but 
they are most common in subarctic and subalpine re
gions. At the present day only a single species of Faba
ceae, Lathyrus japonicus Willd. occurs in Greenland. 

Ecology. - The taxon is most common in heathy or 
open areas. and it prefers calcareous substrates. Grav
elly or sandy river banks and lake shores are the most 
common habitats. but Hedysarwn may also grow in 
moist woods. 

Rosaceae 

Potelllifla spp. 
Figs 55g-h 
Material. - c. 140 nutlets. 
Remarks . - The nutlets are obliquely obovate in out
line. the dorsal margin semi-circular and the ventral 
margin slightly S-shaped. The nutlets split along the 
margin. Their surface is smooth with small isodiametric 
sclereids . They measure I. 1- 1.8 mm in length and 
0.7-1.5 mm in breadth . This large variation indicates 
that several species are involved. 

Recent distribution. - This large genus is widespread, 
especially in the northern hemisphere. and c. 20 species 
grow in the arctic region . 

Ecology. - Most plants within the genus are perennial 
herbs . They are primarily members of open vegetation. 
and many species grow in dry sites. 

52 

Potentilla palustris (L.) Scop. 
Figs 55i-l 
Material. - c. 15 nutlets. 
Remarks. - Some of the broadly obovate Potentilla 
nutlets 1.20-1.55 x 1.10-1.35 mm probably represent 
Potentilla palustris. However, transitional forms be
tween such roundish nutlets and obovate Potentilla nut
lets were rather common. 

Recent distribution. - P. palustris is a circumpolar 
species in boreal and low arctic climates. 

Ecology. - P. palustris grows in wet soil in meadows, 
along lakes and streams, and as a semi-aquatic in shal
low water. It prefers acid, oligotrophic water. 

Dryas octopetala L. 
Figs 55m-n. 57 
Material. - c. 3240 leaves and some hypanthia. 
Remarks. - Dryas leaves occur in almost all samples, 
often in large quantities, and they are amongst the most 
common macroscopic remains of vascular plants in the 
Kap K0benhavn Formation . 

The leaves are quite variable but all leaves are crc
nate along the entire margin , and it is concluded that 
they represent D. octopetala , and not the North Amer
ican species D. integrifolia M. Yahl. The leaves vary in 
size. shape , dentition and development of revolute mar
gins (Fig. 57) . Dryas octopetala leaves have two com
mon forms , depending on where the plant grows. Most 
fossil leaves from Kap K0benhavn are small and narrow 
with a strongly revolute margin (the wind-adapted 
type), while larger leaves (the lee-type) are rare. Al
though larger leaves are normally fragmented , this fac
tor cannot explain their rarity. because fragments of the 
larger leaf type arc also rare . This is thought to mean 
that Dryas octopetala was a common member of ex
posed fell-field sites, and rare in sheltered location~ 
where the large leafed form could have grown. 

Recent distribution . - Using a broad species concept 
the genus Dryas only comprises three species: Drya.1· 
octopetala, D. integrifolia and D. drwnmondii Richards 
(Hulten 1959). D. i111egrifolia is found all over arctic 
North America. in easternmost Siberia and in West. 
Southeast and North Greenland. D. octopetala is of 
nearly circumpolar arctic and alpine range (Fig. 45) . but 
it does not occur in central and eastern North America . 
or in West. North and Southeast Greenland. The two 
species have some scattered boreal outposts in low com
petition areas. which are regarded as relicts of a former. 
more widespread distribution (Tralau 1963. Ritchie 
1980). The range of D. dr11111111011dii - unlike the other 
two . a monomorphic species - is limited to gravelly river 
beds at scattered sites below the tree line in North 
America. 

D. integrifolia and D. octopetala are closely related 
and hybridise where they occur together. Most Dryas 
specimens in North Greenland are hybrids (C. Bay. 
pers. comm .. Elkington 1965) . 

Ecology. - Dryas octopetala is a very important he-
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Fig. 57. Ventral view of fossil Dryas octopetala leaves from Kap K0benhavn. Note the large variability. The smaller leaves with 
recurved margin are from plants adapted to windy sites; whereas the larger ones are presumed to be from plants which grew on 
protected lee sites. f,i,o,q : GCI 53263 , locality 132. n,r ,s: GCI 53266, locality 132. 1,n,p,t: GCI 64956, locality 141 , the others are 
from GCI 56692, locality 119. MGUH 19210-19230. 

liophilous dwarf-shrub in the Arctic. It often dominates 
(sometimes forming Dryas heaths) areas of dry soil 
which lose their snow early in spring. The species is also 
characteristic of fell-field sites and areas of moist soil, 
even sites with rather heavy snow cover. It does not, 
however, grow in snow-patch communities. Sites with 
alkaline soil are preferred , but it also grows in neutral or 
even acid soils . 

Rubus chamaemorus L. 
Fig. 550 
Material. - 1 endocarp (GCI 56692 , locality 119, unit 
83). 
Remarks . - The endocarp is ovate in outline and slightly 
flattened laterally. The base and the apex are rounded. 
The endocarp is c. 3.3 mm long and 2.0 mm broad. The 
surface is smooth except near the apex , where some 
ridges form an indistinct coarse reticulum . 

Recent distribution. - The range of R. chamaemorus 
is boreal/low arctic circumpolar (Fig . 58) . In Greenland 
it is presently confined to the southwesternmost part. 

Ecology . - R. chamaemorus is a herb-like plant which 
grows in moist acidic soil, in boggy areas within regions 
of both open forest and tundra. 

R11b11s arcticus L.IR. saxatilis L. 
Figs 55p-q 
Material. - 4 endocarps (GCI 56692 (3), locality 119, 
unit 83 and 53267, locality 132. unit 83) . 
Remarks. - The shape is obliquely ovate in outline , with 
semi-circular dorsal margin and a ventral margin which 
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is slightly concave. The length of the endocarp is c. 2.0 
mm, the breadth is c. 1.1 mm. The surface is reticulate. 

This endocarp type matches modern endocarps of R. 
arcticus and R. saxatilis. 

Recent distribution. - The range of R. arcticus, in
cluding some subspecies, is almost circumpolar, but it is 
missing in Greenland and Iceland. Its distribution is 
primarily boreal but extending beyond tree line into the 
arctic zone in some areas (Hulten 1971) . Hulten (1958) 
considers R. saxatilis to be an amphi-atlantic species. 
However, its main range is in Eurasia, although it also 
occurs in Iceland and in a few places in southernmost 
Greenland . Like R. arcticus it is mainly a boreal species, 
which reaches the southernmost Arctic . 

Ecology. - Both species are herbaceous plants. R. 
arcticus grows in meadows and in thickets . R. saxatilis 
grows in scrubs and open forests . 

Hippuridaceae 

Hippuris vulgaris L. 
Figs 59a-d 
Material. - 98 fruits . 
Remarks. - The shape of the achene-like fruit is oblong
cylindric, with a line which extends from the bottom to 
the top of the fruit. The top has a round opening. The 
colour of the fruit is brown . The fruits measure around 
1.6 mm in length and 0.9 mm in breadth (Fig . 60). 

The genus Hippuris comprises three closely related 
species (H. vulgaris L. s. str., H. tetraphylla L. fit. and 
H. montana Ledeb .) or one polymorphic species (H. 
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Fig. 58. Modern geographical range of Ru bus chamaemorus, a 
species of boreal/low arctic circumpolar range. Based on Hui
ten (1970). 

v11lgaris L. s. I.) showing heterophylli (e.g. Hulten 1971, 
Polunin 1959). According to Welsh (1974) the fruit of 
H. mantana is smaller than those of H. v11/garis s. str. 
and H. tetraphylla. 

The fossil fruits from Kap K0benhavn arc larger than 
those of H. mantana fruits, and are referred to H. 
1111/garis s. str.lH. tetraphylla or H. v11/garis s. I. 

Recent distribution. - Like many other aquatics, H. 
1111/garis s. str. is widely distributed (Fig. 61), but it is 
most commonly found in boreal and arctic areas. It 
grows as far north as Peary Land in Greenland (Fred
skild 1966). H. tetraphylla is a plant of discontinuous 
boreal and arctic. circumpolar range (Hulten 1968). 

Ecology. - H. 1111/garis is a perennial aquatic or semi
aquatic herb. H. v11/garis s. str. inhabits shallow waters 
of lakes and ponds or sluggish streams, or wet soil at the 
margin of lakes or streams. It grows in eutrophic as well 
as in oligotrophic water. H. tetraphylla is characteristic 
of brackish water. 

Geraniaceae 

£radium sp. 
Fig. 59e 
Material- - 1 fragmented seed (GCI 56692). 
Remarks. - The seed is narrowly ovate in shape and 3.9 
mm long. Only half of the seed is preserved, but it 
matches the larger seeds of Erodi11111 spp. (Beijerinck 
1947. Dayton 1937, Martin & Barkley 1961). 

Recent distribution. - £radium grows mainly in tem
perate regions (Polunin 1959). A single species. £. ci
cwarium (L.) L'Her. has been introduced to the Arctic 
(T. Bocher et al. 1978). but the seed from Kap K0ben
havn is larger than seeds of this species. 
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Ecology. - £radium is a small genus of herbs with 
pinnate or pinnatified leaves. It grows in open vegeta
tion. 

Cornaceae 

Camus stalanifera Michx. 
Figs 59f-g, 62a 
Material. - 24 endocarps. 
Remarks. - The endocarp is hard, woody, smooth and 
longitudinally grooved. It is obliquely broad elliptic in 
outline. Length 4-5 mm, breadth 3.5-4.0 mm. 

The fruit stones are referred to C. stolanifera because 
of their shape and size. 

Recent distribution. - Camus stalonifera is presently 
confined to North America, where it primarily grows in 
the boreal forest (Fig. 37). Its northern limit approxi 
mately follows the tree line. 

Ecology. - C. stalanifera is a small to medium sized 
shrub 1- 6 m tall. It is found in wet and moist habitats, in 
nutrient rich or alkaline soil, where it may form thick
ets. It usually grows along water courses, in meadow~ 
and in moist forests. 

Notes on history. - Fossils comparable to C. stalonif 
era have been recorded from the Neogene of Poland 
(Lancucka-Srodoniowa 1957, Raniecka-Bohrowska 
1959. Szafer 1961 (Camus aff. stalanifera)), Germany 
(Burgh 1978, 1983). western Siberia (V. P. Nikitin 1964 
(Conws aff. stalanifera)) and northern North America 
(Matthews & Ovcnden in press. Matthews et al. 1990. 

Camus canadensis L. 
Fig. 62h 
Material. - 3 cndocarps (GCI 53267, locality 132 and 
56692 (2). locality 119, all from unit B3). 
Remarks. - The endocarps are hard. smooth and 
broadly elliptic in outline. They have a lengthwi~c 
groove encircling the endocarp parallel to its long axis. 
They are c. 2.2 111111 long and c. 1.6 mm broad. The fruit 
stone of the closely related species C. suecica L. is 
broader and larger. 

Recent distribution. - C. canadensis is found through
out the boreal region of North America. from southern
most Greenland. Newfoundland westwards to Alaska 
and on to eastern Asia (map in Hulten 1968). Its north
ern limit in North America almost coincides with the 
tree line. 

Ecology. - C. ca11ade11sis is a low. up to 30 cm tall. 
sub-shrub with creeping slender rhizomes. The entire 
leaves are more or less whorled at the summit of the 
stem. The fruit is a small red drupe. The species 1s 

common in moist. open spruce and birch forests. 

Camus sp. A 
Fig. 62c 
Material. - 1 endocarp (GCI 56692. locality 119. unit 
B3). 
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Fig. 59. a-d: Hippuris vulgaris fruits. a: MGUH 19231, GCI 53267, locality 132, x25. b: MGUH 19232, GCI 53267, locality 132, 
x26. c: MGUH 19233, GCI 53267, locality 132, x26. d: Sectioned fruit and seed testa, MGUH 19234, GCI 53267, locality 132, x24. 
e: £radium sp. seed fragment, MGUH 19235, GCI 56692, locality 119, xl 1.0. f-g: Camus stalonifera endocarps. f: MGUH 19236, 
GCI 64965, locality 146, xl0.3. g: MGUH 19237, GCI 53267, locality 132, xll.7. h-1: Menyanthes trifaliata seeds. h: MGUH 
19238, GCI 53261. locality 75, xl7.8. i: MGUH 19239, GCI 64976, locality 157, xl6.6. j: MGUH 19240, GCI 56692, locality 119, 
xl5.5. k: MGUH 19241, GCI 53214, locality 122, xl6.4. 1: Transverse section of testa showing parenchymatic tissue (pt) with pits 
and epidermis (e) consisting of rather narrow and high cells, MGUH 19242, GCI 56692, locality 119, xl55. All figures are SEM 
micrographs. 

Remarks. - The endocarp is morphologically similar to 
those of C. canadensis, but much larger: 5 mm long as 
opposed to c. 2 mm in C. canadensis. It was compared 
with a large number of Camus species. It resembles 
endocarps of C. florida L. but is smaller, broader and 
lacks longitudinal groove. The fossil cannot be referred 
to any living or fossil species known to the author unless 
it is an abnormally large specimen of C. canadensis. 

Menyanthaceae 

Menyamhes trifoliata L. 
Figs 59h-l 
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Material. - 540 seeds or half seeds. 
Remarks. - The seeds are elliptic in outline, c. 2.6 mm 
long (Fig. 63). with a smooth, shiny surface in well 
preserved specimens. Some of the seeds are com
pressed. The seed easily splits into halves, and half 
seeds were frequently encountered. Four seeds were 
gnawed. probably by small rodents (B. Bejer-Petersen, 
pers. comm.). 

Menyanthes seeds are perhaps the most common and 
abundant macroscopic plant fossils in Quaternary sedi
ments (Godwin 1975). and they are also common in 
Tertiary sediments. 

Detailed biometrical analyses on recent and fossil 
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Fig. 60. Hippuris vulgaris s. I. Relationship between length and 
breadth in 55 fruits from GCI 53266, 53267, 53286, 56692 and 
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length is 1.61 mm, mean breadth is 0.92 mm. 

seeds were carried out by Truchanowicz6wna (1964, 
1967; Jentys-Szaferowa & Truchanowicz6wna 1953). 
According to her work, Menyanthes seeds from the 
Early and Middle Miocene of Germany are comparable 
to recent M. trifoliata seeds. Late Pliocene seeds from 
Poland are smaller and differ in the anatomy of the 
testa, justifying separation as a different species - M. 
carpatica Jentys-Szaferowa & Truchanowicz6wa. Four 
other extinct Menyanthes species have been described 
from the Tertiary of Siberia, namely M. parvula P. A. 
Nikitin, M. minima Dorofeev, M. miocenica Dorofeev 
(Dorofeev 1963) and M. orientalis V. Nikitin (P. V. 
Nikitin 1979b). Another fossil species, M. microsperma 
Jessen from the Quaternary of Ireland has been reiden
tified as Nymphoides cf. cordata (Ell.) Fern (Watts 
1971). Fossil seeds from the Pliocene and Quaternary of 
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Hippuris vulgaris 

Japan are somewhat larger than recent seeds (Kokawa 
1958, 1959, 1960) but resemble modern seeds in the 
anatomy of the test a (Truchanowicz6wna 1964) . As Ko
kawa suggests, their larger size may be due to post 
mortem compression . 

From the Beaufort Formation and related late Neo
gene deposits, Matthews {1987) reports both M. trifo
liata and Menyanthes sp. A, the latter being a small 
form, less than 2 mm in length (J. V. Matthews, pers. 
comm.). 

At present Menyanthes is a monotypic genus, and the 
seeds from Kap K~benhavn are identical with modern 
M. trifoliata seeds with respect to size (Fig. 63), shape 
and anatomy of testa. The epidermal cells of the testa 
are elongated in surface view and narrow-high in cross
section (Fig. 591). 

Recent distribution. - M. trifoliata is a widespread 
circumpolar temperate and low arctic plant (Fig. 61). In 
West Greenland it is rather common north to latitude c. 
69°N, while in East Greenland it has only been found in 
a single lake (Fredskild et al. 1982). 

Ecology. - M. trifoliata is a herb which grows in 
shallow water in lakes, ponds, bogs, and in wet mead
ows. It prefers acidic mesotrophic or oligotrophic water. 

Caprifoliaceae 

Viburnum cf. edule (Michx.) Raf. 
Fig. 62d 
Material. - 3 endocarps (GCI 53214, locality 122; 
56692, locality I I 9 and 64980, locality 157, all from unit 
83). 
Remarks - The endocarps are flat, ovate or elliptic in 
outline. They measure 5.8-6.1 mm in length, 4.5-4.8 
mm in breadth and 0.9- 1.0 mm in thickness. 

Menyanthes trifotiata 
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Fig. 61. Modern geographical range of Hippuris vulgaris and Me11ya111hes trifoliata based on Huhen (1970) . 
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Fig. 62. a: Comus s10/011ifera endocarp, MGUH 19243, GCI 56692, locality 119. b: Comus ca11ade11sis endocarp, MGUH 19244, 
GCI 53267, locality 132. c: Comus sp. A endocarp, MGUH 19245, GCI 56692, locality 119. d: Viburnum cf. edule endocarp, 
MGUH 19246, GCI 56692, locality 119. e: Sparga11i11111 angustifolium tp. endocarp, MGUH 19247, GCI 53214, locality 122. f: 
Aracites g/obosa, MGUH 19248, GCI 53214, locality 122. g: Carpolithes sp. A, MGUH 19249, GCI 56692, locality 119. 

The genus Viburnum includes 120 species (Hutchin
son 1967) of which the fossil endocarps were compared 
with 11 northern species. They are quite similar to those 
of V. edule, and smaller than endocarps of V. opulus L. 
var. america1111s Ait., which are about 9 mm long. How
ever, since all species were not seen and intraspecific 
variation was large in the reference material that was 
studied, the identity of the fossils remains tentative. 

Recent distribution. - Virburnwn species are widely 
distributed in boreal North America where they reach 
the arctic tree line (Hulten 1968). 

Ecology. - Most species are upright shrubs, 1- 2.5 m 
tall. They commonly grow in wet thickets, along 
brooks. in damp valleys and along the edges of forests. 
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Scrophulariaceae 

?Linaria sp. 
Material. - 1 seed (GCI 56666, locality 77, unit B3). 
Remarks. - The seed is flat, smooth and narrowly 
winged. It is D-shaped in outline and it measures 1.9 
mm in length and 1.4 mm in breadth. The small epider
mal cells are polygonal. 

Linaria seeds are diverse. but many are winged. 
Seeds of only a limited number of species were in
vestigated, and the fossil seeds were not strictly compa
rable to any of these. The genus comprises about 150 
species. 

Recent distribution. - The genus Linaria is widely 
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Fig. 63. Length of Menyalllhes trifoliata seeds. A: fossil seeds 
from Kap K0benhavn (56673, 56674 and 56678). B: recent 
seeds from Eurasia (Jentys-Szaferowa & Truchan6wiczowa 
1953) . C: recent seeds from Japan (Kokawa 1959). 

distributed . L. vulgaris Hill extends into the European 
part of the Arctic (map in Hulten ( 1968)) . 

Ecology . - The genus consists of herbs which grow in 
open areas. L. vulgaris is characteristic of pastures with 
dry soil. 

Potamogetonaceae 
Most of the endocarps of Potamogeton were identified 
to species. although difficulties due to the taxonomic 
complexity of the genus, intraspecific variation and in
adequate preservation posed problems. Also. know
ledge and reference material of the North American 
species is scanty . 

The lid was missing in many of the endocarps (termi
nology follows A alto ( 1970)). The outer fleshy layer was 
partially preserved in two endocarps . Beak and stalk 
were normally absent. 

Potamogeton natans L. 
Figs 64a-d 
Material. - 13 endocarps 
Remarks. - The shape of the endocarp is obovoid . 
Ventral area in side view S-shaped . The sides are con
vex with a depression in the center and an indistinct 
furrow towards the ventral margin . There is a pro
nounced interval between the apex of the lid and the 
beak. The beak is ventrally placed. The lid is roof 
shaped; its apex V-shaped. and base U-shaped. The 
beak is strong. Length of endocarp: 1.6 (2 .24) 2.7 mm. 
breadth 1.5 (1.78) 2.2 mm (n = 7). This is slightly less 
than reported by Aalto ( 1970) . 

Recent distribution. - The range of P. natans is cir
cumpolar. boreal (Fig. 65. see also Porsild & Cody 
1980) . The species has been recorded from a single 
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inland lake in southernmost Greenland (Polunin 1943) 
where the climate is subarctic . 

Ecology. - P. natans grows in lakes, ponds and in 
streams with slow currents, usually at water depths of 
less than l m, and on a substratum rich in organic 
material. 

Potamogeton cf. perfoliatus L.lrichardsonii (Benn.) 
Rydb . 
Figs 64e-f 
Material. - 3 endocarps (GCI 56692 , locality 119; 
64965 , locality 146 and 64990, locality 77 , all from unit 
83) . 
Remarks . - The shape of the endocarp is oval to round
ish in outline . The ventral margin is s-shaped in side 
view, the dorsal is convex. A prominent boss exists in 
the middle of the ventral area. The sides are flat with a 
central depression. Two "warts'' are situated near the 
base . The lid. which is roof-shaped in cross-section, 
reaches the strongly developed beak . The endocarps arc 
large, 2.5 to 3. 1 mm long. 

These endocarps are with hesitation referred to either 
P. pe,foliallls or P. richardsonii, having morphologically 
variable endocarps . Aalto ( l 970) discusses the identifi
cation of endocarps of P. pe1foliat11s contra P. ric/uml
sonii . The two species are closely related , and Hultcn 
( 1962) considers the latter a subspecies of P. pe1foliat11s. 
The writer con~iders them a species pair, the endocarps 
of which cannot be distinguished . 

Recent distribution. -The range of the two specie!. is 
circumpolar (Hutten 1962). Together they are widely 
distributed in temperate climates and reach the Low 
Arctic. The northernmost record is an isolated one from 
central East Greenland (Legaard 1960) . P. pe1foliat11.1 
occurs in Europe, Asia and Alaska. while P. ric/uml
sonii occurs in North America . where its northern limit 
follows the limit of trees (Porsild & Cody 1980) . 

Ecology. - Both species live in lakes and sluggish 
streams. usually in calcareous or brackish water. at 
depths up to 3 m. 

Potamogeton cf. gramineus L. 
Fig. 64g 
Material. - 2 endocarps (GCI 56678. locality 74 and 
64987. locality 77, both from unit 83) . 
Remarks. - The endocarps are broadly elliptic in out
line . Both the ventral and dorsal margins are convex in 
side view. The side of the fruit is flat . The lid . which is 
roof shaped . reaches the base of the beak which is 
centro-ventral and well developed . The wall of the en
docarp seems to be thin for the genus . Length of endo
carp: 1.7-2.7 mm. breadth: 1.4-1.9 mm. 

Recent distribution. - The range of P. gramineus is 
circumpolar. boreal with outposts in the Arctic. It grows 
in West Greenland northwards to latitude 68°N. 

Ecology. - P. gra111i11e11s grows in mesotrophic or 
iron-rich water in lakes. ponds and streams. often at 
relatively great depths . 
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Fig. 64. a-1 : Potamogeton endocarps. a-d: P narans. a: MGUH 19250, GCI 64965. locality 146, x20. b: MGUH 19251 , GCI 64991, 
locality 77. xl6.6. c: MGUH 19252, GCI 64988, locality 77, xl5 .7. d : MGUH 19253, GGU 197118, locality 50, xl7.6. e-f: P. 
perfoliawsl riclwrdsonii. e: MGUH 19254. GCI 64965, locality 146, x14 .3. f: MGUH 19255, GCI 64990, locality 77 , xl 1.6. g: P. cf. 
gra111i11e11s. MGUH 19256. GCJ 56678. locality 74, x23. h: P. alpi1111s , MGUH 19257, GCJ 56666, locality 77 , x18.4. i-1: P. cf. 
l'(lgi11at11s . i: MGUH 19258. GCI 53214. locality 122. xl3.7. j: MGUH 19259, GCJ 56692, locality 119. x14.9. k: Anomalous 
endocarp with two lids. MGUH 19260, GCI 64965, locality 146, xl3.7 . I: MGUH 19261, GGU 197118. locality 50, x23. m-n: 
J1111c11s sp . seeds. m: MGUH 19262. GCI 53203. locality 119, x78 . n: MGUH 19263. GCJ 53286, locality 130, x69. o: Detail of n, 
x440. p-q : ?Luwla sp. seed. p : MGUH 19264. GCI 53214. locality 122. x28. q: Detail of p , x220. All figures are SEM 
micrographs. 
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Potamogeton natans 

Fig. 65. Modern geographical range of Potamogeton natans 
based on Hulten (1962). 

Potamogeton alpinus Balb. 
Fig. 64h 
Material. - I endocarp (GCI 56666, locality 77, unit 
83) . 
Remarks. - The shape of the endocarp is oval in out
line, and it has flat sides. The ventral area is slightly 
S-shaped in side view. The lid reaches the top of the 
endocarp but there is a great distance between the top 
of the lid and the beak. The area between the top of the 
lid and the beak is almost straight. The endocarp mea
sures 2.21 x 1.73 mm. 

Recent distribution . - P. alpinus is widely distributed 
in temperate and low arctic climates of the northern 
hemisphere (Hulten 1962). It grows in continental 
Southwest Greenland northwards to latitude 67°N. 

Ecology. - The species grows on rich, organic sub
strates in lakes and ponds with mesotrophic water. 

Potamogeton cf. vaginallls Turcz. 
Figs 64i-l 
Material. - 88 endocarps . 
Remarks. - Two forms were separated : 

I) Shape crescentic. Ventral area in side view almost 
straight via convex to somewhat S-shaped. Sides 
convex. There is a long interval between the apex of 
the lid and the beak. In cross-section the lid is 
rounded, sometimes with an indistinct keel. The 
base of the lid is rounded, U-shaped ; the apex is 
V-shaped . The beak is centro-ventrally placed and 
small. The stalk is usually lacking, when present it is 
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Fig. 66. Potamogeton cf. vaginatus. Relationship between 
length and breadth in 46 measurable endocarps from 53214, 
53262,53264,53266,53267, 53280,56692, 64965, 64988,64990 
and 64991. Large dots indicate two specimens of same size. 
Mean length is 2.41 mm, mean breadth is 1.98 mm. 

indistinct. The surface of the endocarp is mat, 
spongy . The mean length of the endocarp is 2.41 
mm , the mean breadth is 1.98 mm (Fig. 66). 

2) 0-shaped endocarps with the ventral area straight in 
side view and the sides flat. Otherwise as form I. 
Length of endocarp 1.7 (1.93) 2.2 mm, breadth 1.2 
( 1.48) 1.8 mm (n = 13) . 
The first mentioned form compares rather well with 
Aalto's ( 1970) description of P. vaginallls although 
the lid of P. vagi11a111s is described as rounded with a 
distinct ridge, and with a tapering base. 
The second morphotype differs in shape from nor
mal P. vagina/us endocarps, and its size is within P. 
filiformis Pers. size range. However, it is believed to 
derive from the same species as form I . 
These endocarps also show resemblance to related 

Plio-Pleistocene species, such as P. praevaginatus 
Dorof. P. vaginatoides Dorof. and P. arctovaginallls 
Dorof. (Dorofeev 1986). 

Recent distribution. - The species has its main areas 
of distribution in North America and western central 
Siberia, but it also occurs around the bottom of the Gulf 
of Bothnia. It extends slightly beyond the arctic tree 
line . 

Ecology. - In Scandinavia I'. vaginallls is confined to 
brackish water. but otherwise it grows in fresh or some
what brackish water. It inhabits rather deep water. up 
to 2 m deep. 
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Juncaceae 
Juncus sp. 
Figs 64m-o 
Material. - 1 seed (GCI 53214, locality 122, unit B3). 
Remarks. - The seed is narrow elliptic in outline and 
very small, 0.55-0.61 mm long and 0.27-0.31 mm 
broad. The testa is thin, with the epidermal cells trans
versely elongated and arranged in longitudional rows. 
The anticlinal walls form a reticulum on the seed sur
face. These seeds are referred to Juncus sp. because of 
their small size and testa structure. Species identifica
tions are not possible until the seeds of the extant, 
northern Juncus species have been studied in detail (cf. 
Korber-Grohne 1964). 

Recent distribution. -Juncus is a large genus of wide 
distribution. 13 species reach the Arctic (Polunin 1959). 

Ecology. - Juncus are grass-like herbs. Most of the 
species are characteristic of wet and moist places, 
though some also occur in upland situations. 

?Luzula sp. 
Figs 64p-q 
Material. - 5 seeds (GCI 53214 & 56692 (4)). 
Remarks. - The seeds are elliptic in outline, about 1.4 
mm long and 1.0 mm wide. The testa, which is rather 
thin, is missing from the basal part of the seed where the 
elaiosome probably was placed. The epidermal cells 
measure 15-20 µm across and their centre is raised. 

Recent distribution. - Luzula is a rather small but 
widespread genus mostly of northern regions. Eight 
species occur in the Arctic (Polunin 1959). 

Ecology. - Although some species inhabit bogs and 
marshes, most species in this genus of grass-like plants 
grow in dry or moist places. 

Cyperaceae 

Carex spp. 
Figs 67a-g 
Material. - c. 240 2-sided and c. 325 3-sided achenes. 
Remarks. - Naked achenes of Carex occur abundantly 
in the material. Many different species are represented, 
but specific identifications are usually not possible with
out the enclosing perigynium. Also there are many 
modern species, many of which exhibit considerable 
intraspecific variability. 

In recent years the taxonomic significance of the mi
cromorphology of the achene surface (after removal of 
the outer wall of the epidermal cells) have been stressed 
(e.g. Walter 1975, Thomasson 1983). This technique 
holds some promise for more secure identifications of 
fossil achenes, but it depends on a thorough knowledge 
of the modern species, including their inter- and in
traspecific variation. 

Ecology. - The genus Carex is characteristic of wet 
and moist soil and it is important in many wet land 
areas. But some members of the genus grow in upland 
sites. 
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Carex cf. chordorrhiza Ehrh. in L. fil. 
Figs 67h-i 
Material. - c. 15 achenes with perigynia. 
Remarks. - A single Carex type often retained the 
perigynium, which is elliptic in outline and planoconvex 
in cross-section. The beak is not preserved. The wall is 
spongy, with distinct nerves 30-65 µm wide. Most of the 
nerves (9 on the dorsal side and 6-7 on the ventral side) 
are as long as the perigynium. Size 2.1-2.6 xl.1-1.5 mm 
(length x breadth). 

The achene was studied in two specimens. It is bicon
vex, obovate in outline, has a short style, and almost 
fills the perigynium. Size 1.5-1.65x0.8-0.9 mm. 

This Carex type is identical with Carex chordorrhiza, 
but the identification is tentative because not all modern 
northern Carex species were studied. 

Recent distribution. - C. chordorrhiza is of circum
polar boreal distribution (map in Hulten 1962). It has 
been found only once in Greenland, in the very south, 
but it occurs slightly beyond the arctic tree line through 
most of its range. 

Ecology. - C. chordorrhiza often grows in floating 
mats around the margin of lakes and in raised bogs, but 
it also grows in wet marshes. 

Scirpus microcarpus Presl. 
Figs 67j-n 
Material. - c. 30 achenes, 18 of which from GCI 53265. 
Remarks. - The achenes of Scirpus are almost flat on 
the one face, whereas those of biconvex Carex are 
equally convex on both faces. Another distinguishing 
feature is that a few of the fossil Scirpus achenes re
tained the bristles which are found in Scirpus and a few 
other genera of Cyperaceae. 

The shape of the achene is obovate in outline. Its 
length averages 1 mm, the bristles when present are 
slightly longer. When the outer wall is missing the epi
dermal cell pattern is very characteristic in this species 
(Fig. 67). The cells have strongly undulating anticlinal 
walls and a central, hemispherical silica (?) body. 

The achenes are comparable in size and shape to 
those of S. microca,pus, S. atrovinctus Fern., S. silvat
icus L. and S. rubrotinctus Fern. The last is here consid
ered a subspecies of S. microcarpus following Hulten 
(1968) and Scoggan (1978- 1980), although Beetle 
( I 943) considered it a distinct species. The central body 
of the epidermis cell is larger in S. silvaticus and S. 
atrovi11ct11s than in the fossil achenes, and the cells are 
more quadrangular in S. atrovinctus than in the fossil 
achenes from Kap K0benhavn, according to illustra
tions in Schuyler ( 197 I) and the writer's observations. 

Recent distribution. - Except for an isolated occur
rence on Kamchatka, the range of S. microcarpus (in
cluding ssp. r11broti11ct11s) is in the boreal forests of 
North America (Fig. 37). Towards the north the species 
reaches the arctic tree line, but it is not a member of the 
arctic flora. 

Note on history. - The species has recently been 
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Fig. 67. a-g: Carex spp. achenes. a-d: 3-sided types. a: MGUH 19265, GCI 56692, locality 119, xl9. b: MGUH 19266, GCI 53202, 
locality 119, x24. c: MGUH 19267, GCI 56692, locality 119, x24. d: MGUH 19268, GCI 53214, locality 122, x24. e-g: 2-sided 
types. e: MGUH 19269, GCI 53267. locality 132, x14.9. f: MGUH 19270, GCI 56692, locality 119, x16.4. g: Detail off, x205. h-i: 
Carex cf. chordorrhiza perigynia. h: MGUH 19271, GCI 56693, locality 119, x15.3. i: MGUH 19172, GCI 53214, locality 122, 
xl8.3. j-n: Scirpus microcarpus achenes. j: MGUH 19273, GCI 53203, locality 119, x40. k: MGUH 19274, GCI 53266, locality 
132, x38. 1: Detail of k. The cuticle and outer layer of the epidermal cells are eroded away, exposing the inner periclinal walls of 
the epidermal cells, x540. m: MGUH 19275, GCI 56692, locality 119, x21. n: Detail of j showing part of bristle with barbellae, 
x265. o-p: Aracites g/obosa fossil (sectioned), MGUH 19248, GCI 53214, locality 122. o: x34. p: xll0. All figures are SEM 
micrographs. 
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found in Late Cainozoic near Strathcona Fjord on east
ern Ellesmere Island (J. V. Matthews, pers. comm.). 

Ecology. - S. microcarpus is a tall sedge, up to 1 m 
tall. The species grows in wet marches and at lake 
shores (Scoggan 1978-1980). 

Gramineae 

Gen. et sp. indet. 
Material. - I caryopsis (GCI 56608). 
Remarks. - The only recovered grass fruit was badly 
preserved and could not be identified. 

Sparganiaceae 

Sparga11i111n a11g11stifoli11m tp. 
Fig. 62e 
Material. - I fruit (GCI 53214, locality 122) and 3 
endocarps (GCI 56692, locality I 19 and 64991 (2), local
ity 77). all from unit 83). 
Remarks. - The fruit, narrowly ovate in outline and 
yellow in colour, is 3.2 mm long and 1.2 mm broad. The 
endocarps are ovate in outline and elongated below into 
a short stalk. They are yellow brown in colour and 
measure 2.4-3.3 mm in length and 1.4-1.9 mm in 
breadth. Both the fruit and the endocarps are smooth. 
The isolated endocarps are bigger than the endocarp of 
the entire fruit, but this is probably because the fruit is 
immature. 

Because the endocarps are smooth they belong in the 
subgenus Xa11thosparga11i111n Holmberg (see Cook & 
Nicolls 1986, 1987). The same appears to apply to the 
fruit as it is small and has no indication of an endocarp 
with ridges. Because of the scanty material a specific 
identification was not possible. However. the endocarps 
do not compare with the two species S. hyperboreum 
Beurl. ex Laest. and S. 11ata11s L., both of which have 
stalkless endocarps. 

Recent distribution. - The subgenus Xamhosparga-
11i11m is widely distributed in the northern hemisphere. 
The only species which reach the Arctic (including 
Greenland) today are S. hyperborewn and S. ang11stifo
li11m Michx. 

Ecology - The subgenus comprises seven species 
(Cook & Nicolls 1986) of aquatic or semi-aquatic grass
like perennial herbs which grow in shallow water, but S. 
a11g11stifoli11111 may occasionally grow to a depth of 2.5 m 
or more . 

Insertae sedis 

?Araceae 
Aracites gfobosa (Reid & Reid) Bennike, comb. nov. 
Figs 62f, 670-p 
Material. - Two fossils (MGUH 19248, GCI 53214 (lo
cality 122. unit B3, sectioned) and GCI 56666, locality 
77. unit 83). 
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Lectotype. - This fossil was first described by Reid & 
Reid (1915). They referred it to Hippuris (H. gfobosa 
sp. nov. (and Hippuris sp. 2?)). Unfortunately, the 
holotype of H. gfobosa has dissapeared (W. H. Zag
wijn, pers . comm.), but I propose to designate Reid & 
Reid's figure (Reid & Reid 1915, plate XIV, fig. 24) as a 
lectotype. 

Remarks. - The fossils are wide elliptic to obovate in 
outline, the base is rounded and the surface is smooth, 
black. Both fossils are somewhat flattish. The one mea
sures l.5xl.2 mm, the other l.6xl.3 mm. One of the 
fossils was sectioned; it shows a thick wall and a pear
shaped cavity extending upwards into a canal (micro
pyle ?) which opens through a pore. The wall is sub
divided into two layers; the outer thick one is formed 
from isodiametric parenchyma cells with smooth walls, 
and is thickest at the base and top. In the sectioned part 
of the wall two narrow ducts are seen, they run from 
base to top. According to P. A. Nikitin ( 1957) three 
ducts - called "fibro-vascular fascicles" - are present. 
Inside the thick wall is a thin layer (integument, cuticula 
or perhaps testa), partly loosened from the outer layer. 

This fossil type was referred by P. A. Nikitin ( 1957) to 
seeds of the family Araceae which comprise c. 1800 
species , mostly in tropical and sub-tropical regions. It 
may, however, be questioned whether they are seeds or 
fruits . Reid & Reid (1915), who first described this 
fossil type, referred it to fruits of Hippuris, and Mat
thews ( 1987) also proposed that they are fruits, al
though he retained it in the family Araceae. Katz & 
Katz ( 1964) proposed that the fossil is a seed belonging 
to a member of the family Cucurbitaceae. 

P.A. Nikitin (1957) referred the Russian fossils to the 
species Aracites joh11str11pii (Hartz) comb. nov. Howev
er. the fossils described and named as Carpolithes john
strupii by Hartz ( 1909) in honour of the Danish profes
~or of geology Fr. Johnstrup, and derived from Miocene 
brown coal deposits in Jutland and amber-twig beds on 
Zealand. were reexamined by Kircheimer ( 1938, 1957 
p. 234). He showed that they belong in the genus Myr
ica subgenus Morella, and Friis (1985) proposed the 
new combination Myrica johnstrupii (Hartz) Friis nov. 
comb. for this fruit type which dehisces into two equal 
valves. 

Dorofecv ( 1963) transferred the species described by 
P. A. Nikitin (1957) to the form-genus Aracispermwn. 
This genus name was used already in 1948 by P. A. 
Nikitin (P. A. Nikitin 1948), but it was not formally 
established until 1965 (P.A . Nikitin 1965) . Prior to that, 
however. three species within the genus were estab
lished. namely A. ovate (Dorofeev 1960), A. arnense 
(Chandler 1962) and A. compressum (Dorofeev 1963). 
The three species A. jugatum, A. canaliculatum and A. 
hippuriformis formally established by P. A. Nikitin 
( 1965) were also described and figured by Dorofeev 
(1963) . It should be noted that the name Aracispermum 
cordiformis mentioned by P. A. Nikitin (1948) is a no
men n11d11m. In 1979 V. P. Nikitin described a new 
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species of Aracispermum: A. orientalis (V. P. Nikitin 
1979b). 

In 1977 Velichkevich erected a new species of Ara
cites: Aracites interglacialic11s Wieliczk sp. n. (Velich
kevich 1977) . In 1982 he described this species in more 
detail and changed the name to Aracites interglacialis 
(Velichkevich 1982). A. interglacialis fossils are slightly 
larger, more elongate and more often have a pointed 
base (or even a stalked base) than A . globosa. Howev
er , there is a large overlap between the two species, and 
the writer proposes to put them in synonomy. 

Velichkevich (1982) and V. P. Nikitin (1979b) have 
argued to maintain Aracites and Aracispermum as sep
arate genera, as P. A. Nikitin originally proposed. This 
view is followed here, because the two groups are dis
tinctly different. A. ovate should possibly also be re
ferred to Aracites. 

Notes on history. - Aracites sp. has been recovered 
from Pliocene deposits in Holland (Reid & Reid 1915 -
apparently there are no more recent records (W. H . 
Zagwijn, pers. comm.)) , Miocene deposits in Poland 
(Szafer 1961 -as Hippuris globosa)), Pleistocene depos
its in Poland (Sobolewska 1977), Pleistocene intergla
cial deposits in Finland (Aalto & Hirvas 1987), Miocene 
(?), Pliocene and Pleistocene deposits in Russia (P. A . 
Nikitin 1957, Dorofeev 1959 , 1963, 1969, Velichkevich 
1977. 1982). Siberia (Baranova 1978, V. P. Nikitin 
1979a, c) and Neogene deposits of northern Canada 
(Matthews 1987, 1989, Klassen et al. 1988) . V. P. Nik
itin has proposed to call Aracispernwm j11gat111n Ara
cites jugaflls. This species already appeared in the Late 
Eocene . 

Ecology. - According to P. A. Nikitin ( 1957) fossils of 
Aracites mostly occur in assemblages of mire plants, 
rather than in assemblages of water plants. 

Carpolithes sp . A 
Fig. 62g 
Material. - I fruit (GCI 56692, locality 119. unit B3). 
Remarks . - Several unknown fruits were found, of 
which one should be mentioned. It is ellipsoidal with 
distinct longitudional ridges and furrows, and show 
some resemblance to I/ex fruits. This fruit type also 
occurs in the Beaufort Formation on Prince Patrick 
Island and at one Quaternary site in the northern Yu
kon (J. V . Matthews, pers . comm.). 

Wood 

The sandy hills to the north and northwest of Mudder
bugten contain an abundance of wood. L. Koch ( 1928. 
p. 381) noted the presence of wood in this area at 
altitudes of 165 m above sea level, but he thought the 
wood was Holocene driftwood indicating a high Holo
cene marine limit. Undoubtedly. it was a piece of wood 
from the same area that was sampled by W. E. Davies 
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Fig. 68. Maximum tree trunk diameter from 19 localities with 
wood. 

and radiocarbon dated to> 32,000 years B.P. (1-371, 
Trautman & Willis 1966; described as "wood (willow?) 
from top of terminal moraine of continental glacier. 450 
ft above sea level") . 

Funder & Hjort (1980) interpreted the wood as drift
wood of presumed Siberian origin, but of pre-Holocene 
age. However. the close association of wood with cones 
and needles of conifers, and the excellent preservation 
of the wood, often with branches still attached , shows 
that the wood is of local origin . However, no rooted 
trees in growth position have been located, so all of the 
wood is thought to be local driftwood. Some small piec
es of wood from samples of organic detritus have been 
rounded during transport. 

The size of the tree trunks is small to moderate . the 
largest piece (from locality 75) had a diameter of 18 cm, 
and was 460 cm long. The second largest piece (also 
from locality 75) measured 16 cm across and was 335 cm 
long. Wood pieces measuring more than 10 cm acros~ 
arc rare (Fig . 68). so the trees were small. Many of the 
trees show stunted growth , and a single almost complete 
specimen of Larix (?) shows decumbent growth. A 
number of conifers with abandoned top shoots have 
been noted. 

A characteristic feature of the trunks retaining parb 
of branches are that the branches are usually deflected 
downwards . This is interpreted as a result of heavy ~now 
load during the winter. 

Roots are preserved in a few specimens. They appear 
to represent shallow root systems and probably did not 
penetrate far into the soil. This could be due to perma
frost conditions or wet soil. 

Cross-sections of tree trunks show pronounced 
growth rings, and ring width series were measured un
der a dissecting microscope in 15 of the best preserved 
trunks ( 12 samples of Larix. 2 of Picea and one of 
Thuja). The series were measured along radii of inter
mediate length . Several cases were recorded where 
trees had been tilted during growth - as evidenced by 
growth rings formed asymmetrically in the stem after 
the years of tilting and by compression wood. recog
nised under the microscope by rounded tracheids and 
associated intercellular spaces. This hampered the 
measurements of ring width series . The advantage of 
ring width measurements is that climatic interpretations 
are based directly on fossils and are more or less inde-
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Table 6. Summary of growth ring analyses 

GCI MGUH Locality 
number number 

53214,1 19276 122 
53214,3 19277 
53214,4 19278 
53287,2 19279 131 
53299,1 19280 75 
53300,1 19281 133 
53300,2 19282 
53300,3 19283 
56620 19284 17 
56667,25 19285 77 
56667,26 19286 
64954,1 19287 136 
Larix total 
53214,2 19288 122 
56667,24 19289 77 
Picea total 
64954,2 19290 136 

pendent of species identifications and the present cli
matic tolerances of the species. 

The average growth ring widths were 0.32 mm for 
Larix, 0.60 mm for Picea and 0.20 mm for Thuja (Table 
6). These values indicate that radial growth rates were 
very low, and imply extreme growth conditions. The 
maximum ring width is 0.98 mm for Larix and 1.05 mm 
for Picea, showing that even during the most favourable 
summers growth rate was low. The rather large va
riability in ring width from year to year (Fig. 69) in
dicates that summer temperatures - the factor which 
limits growth at the arctic tree line (e.g. Hustich 1949) 
also showed pronounced yearly variations. 

The common presence of light rings (rings with very 
few late wood cell layers) also points to low summer 
temperatures and is especially an indication of short
ened growing seasons (Filion et al. 1986). 

The extremely narrow growth rings compare with 
those from the present arctic tree line (e.g. Hustich 
1954, Kay 1978, Filion et al. 1986), although this is 
presently situated far south of Kap K0benhavn, in a 
yearly light regime much different from that at Kap 
K0benhavn today. 

119 pieces of wood have been identified by their anato
my {Table 7). All wood originates from unit B3 exept 
for some Sa/ix wood fragments in the lower part of unit 
82, locality 27. The gymnosperm wood is generally well 
preserved, whereas the angiosperm wood shows some 
degree of deterioration. Larix wood is well known for 
it~ resistance to decay, but taphonomic factors (rooting) 
are not thought to be responsible for the dominance of 
Larix wood. 

Larix wood is very difficult to distinguish from Picea 
wood. In this study Larix wood was identified by abrupt 
transition from early wood to late wood, biseriate bor
dered pits in the radial walls of tracheids and by the 
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Genus Number Mean ring 
of rings width (mm) 

Larix 93 0.31 
107 0.23 
108 0.44 
78 0.49 

296 0.28 
122 0.35 
99 0.41 
89 0.20 

107 0.36 
73 0.42 

126 0.30 
165 0.25 

1463 0.32 
Picea 51 0.78 

57 0.44 
108 0.60 

Thuja 111 0.20 

dominance of Larix type bordered pits in the ray trache
ids {lngvarson 1903, Petersen 1906, Bartholin 1979a, b). 
Compression wood of Larix/Picea (mostly branch 
wood) was excluded. 

Arboreal type growth has only been proved for Larix 
(76 pieces), Picea (22 pieces) and Betula (one piece). 
Taxus is represented by a single branch, sampled and 
identified by G. S. Mogensen {pers. comm.). Thuja is 
represented by an almost complete specimen, with root, 
stem and branches, some of which with adhering bark. 
Although of tree growth form, the specimen is only 75 
cm tall and consequently cannot qualify as a tree. Its 
branches are deformed by snow load. 

Many wood pieces are bored by insect larvae. Most 
common are borings of Cerambycidae larvae, and fly 
holes very similar to those produced by Urocerus gigas 
(Funder et al. 1984). Also present in the material are 
insect galleries produced by Buprestidae and Scolytidae 
larvae (kindly identified by M. Nuorteva). 

About half of the larger wood pieces are glacio-tec
tonically deformed. The common deformation struc
tures are kink bands and kink folds which form mono
clinic and conjugate folds (Fig. 70). The scale of the 

Table 7. Subfossil wood identifications 

Log wood 

Gymnospermae 
Picea sp. 
Larix sp. 
Piceal Larix 
Tlwja sp. 
Taxus sp. 

Angiospermae 
Befit/asp. 
Sa/ix sp. 

Total number of samples: 119 

22 
76 
10 
2 

Branch wood 

2 
5 
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Fig. 69. Selected examples of ring-width series. Broken lines indicate poorly preserved rings. Diameter of 56667 ,24 is 8.5 cm. 
of 64954,2 4.6 cm, of 53300,2 8,5 cm and of 53299,l 17 cm. 

structures, which must have been formed while the 
wood pieces were embedded in the frozen sediments, is 
from c. 1 cm to c. 10 cm (Bennike 1988). 

Fossil wood has been reported from the Beaufort 
Formation in arctic Canada. The Mio-Pliocene sedi
ments on Meighen Island contain transported wood but 
very few of the tree trunks exceed 18 cm in diameter. 
On northern Banks Island logs from the lower part of 
the Beaufort Formation up to 60 cm in cross-section or 
more are present (J. V. Matthews, pers. comm.). On 
Prince Patrick Island, north of Banks Island, most 
trunks from the Beaufort Formation are 10 cm or less in 
diameter, but isolated logs exceed 40 cm (Fyles 1987). 
From the Worth Point Formation on Banks Island Larix 
laricina trunks up to 26 cm in diameter have been re
ported (Kuc 1974). 
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Pollen 
Pollen analyses were performed to supplement the work 
on macroscopic plant remains, and to investigate if any 
vegetational time trends could be established. Thus ma
rine silt with hardly any macroscopic plant remains was 
analysed. along with fine sand containing organic detri
tus. Another aim was to determine if the pollen as
semblages from unit B2 at different localities differ from 
one another to the same extent as the marine faunas. 

The sediments are not well suited to pollen analysis, 
because of abrupt facies changes, and because large 
parts of the sequence are virtually devoid of pollen, 
namely member A and that part of member B which 
consists of clean. well sorted sand. Also redeposition of 
pollen grains is likely to be a factor of importance for 
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Fig. 70. Small conjugate fold 
in wood . The "laminae" are 
growth rings , only some of 
which are shown. 
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these sediments which were deposited in near-shore 
marine environments. 

Description 

The pollen concentration in the laminated silty sedi
ments of member A is extremely low. Four samples 
were prepared for analysis, but only one to eight pollen 
and spores were found per slide. A total of 77 pollen 
grains and spores were counted. Betula grains were the 
most common; other types include Picea, Alnus, Sa/ix, 
Lycopodium and Huperzia . One spectrum from a lens 
of diamicton in member A yielded 128 pollen and 
spores , dominated by Betula (57%), but also including 
Sa/ix (6% ), Gramineae (6% ) and Lycopodium plus Hu
perzia (4% each). 

The results of the pollen analysis of member B sedi
ments are shown in Fig. 71. Note that the vertical dis
tance between the samples is highly variable, from 0.2 
to 6. 7 m. Pollen diagrams from eight separate sections 
and two isolated pollen spectra are shown. All pollen 
and spores of tracheophytes are included in the pollen 
sum . 

The pollen spectra are quite variable, but the va
riation appears to be random , hence the diagrams are 
not divided into pollen zones . Arboral pollen types 
(Larix , Picea and Pinus) generally only make up about 
10% of the pollen sum. Note that Larix pollen grains 
were not recognised during the counting of the samples 
from locality 50. 

Betula and/or Cyperaceae dominate with the other 
important non-arboral pollen taxa being Gramineae, 
Sa/ix . Ericales, Ranuncu/us, Caryophyllaceae, Oxyria, 
Saxifraga and Artemisia are minor, but consistent ele
ments. Spores of tracheophytes are common, especially 
Lycopodium , but also Huperzia and Dryopteris Ip . 
(monolete , naked fern spores) . 

Vascular plants represented by pollen or spores, but 
not by macroscopic remains, comprise Pinus , Polygo-
11111n viviparum, Saxifraga, Chamaenerion, Liguliflorae, 
Artemisia, Erigeron, Cirsium (identified according to 
Stix ( 1960) ), Botrychium, Cystopteris fragilis dickieana, 
Gymnocarpium, Lycopodium and Huperzia. Thus the 
pollen work adds considerably to the flora of the Kap 
K0benhavn Formation . In addition, spores of Zygnema 
and fruit bodies of Microthyrium are shown in Fig. 71 . 
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Other microfossils in the pollen preparations (not 
shown in the diagrams) include a few head capsules of 
midge larvae and various spores of Fungi, Algae and 
bryophytes. Also rare pre-Quaternary palynomorphs 
were encountered, as well as some few dinoflagellate 
cysts. 

Notes on some taxa 

Pinus . This tree species produces great amounts of pol
len grains which are effectively dispersed by wind. As 
no macroscopic remains of pine were seen, the small 
percentage of pine in the sediments is attributed to long 
distance transport. 

Larix . As indicated in Table 7, larch was the dom
inant tree species in the Kap K0benhavn area. Larix is a 
moderate pollen producer, and is underrepresented in 
pollen spectra (Ritchie 1987). 

Betula. Measurements of Betula pollen grains were 
not carried out, but according to the analyses of macro
scopic plant remains (including wood) tree birches were 
very rare in the Kap K0benhavn area . 

Alnus. This genus attains values of less than 5% , 
surprisingly low for an arctic tree line site (Ritchie 
1987) . Presence of Alnus macrofossils shows that it grew 
in the area , but the low pollen values indicate that Alnus 
was rare . 

Lycopodium . This plant is a prolific spore producer; 
nevertheless, it is hard to believe that Lycopodium 
spores constituted up to 27% of the original pollen/ 
spore rain . The wall of Lycopodium spores is very re
sistent to oxidation (e.g. Havinga 1984), and it is be
lieved that differential preservation explains the abun
dance of this taxon. The same explanation probably 
applies to Huperzia and Dryopteris tp spores as noted 
above . 

Discussion 

Terrestrial palaeoecology and 
palaeolimnology 

Because no plant macrofossils were found in member A 
and very little pollen, no firm conclusions about the 
vegetation in the Kap K0benhavn area during its de
position are possible . However, I suggest that the area 
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Fig. 71. Pollen diagrams and 
pollen spectra from the Kap 
K0benhavn Formation. Note 
that the vertical distance 
between the samples is 
highly variable. 
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was sparsely vegetated, in accordance with the sedi
ments (dropstones, diamicton) and the marine fauna 
which is interpreted as reflecting a high arctic envi
ronment. 

In member B the assemblages of macrofossils vary 
greatly from sample to sample, a characteristic which is 
especially pronounced if unit B1 is compared with unit 
B3 (Table 3). I believe, however, that this variation is 
due to effects of hydrodynamic sorting rather than to 
vegetational differences. For example, the assemblages 
from the transition between unit B1 and B2 at locality 
74 and 75 are completely dominated by Menyanthes 
seeds which are very buoyant . No changes in vegetation 
can be firmly demonstrated during the deposition of 
those parts of the formation that contain a reasonable 
concentration of pollen grains and spores. 

The list of macrofossils and the pollen spectra from 
member B indicate the former presence of a rich flora of 
plants that presently grow in a variety of habitats, form
ing a range of plant communities. 

Although logs and other remains of trees are a con
spicuous element in parts of the Kap K0benhavn For
mation, the remainder of vascular plant fossils consist 
mostly of remains of dwarf-shrubs. Arboreal pollen only 
play a minor role in the pollen spectra, contrasting with 
the pollen rain in modern subarctic sites in North Amer
ica where the regional pollen rain is dominated by arbo
ral taxa, notably Picea (Ritchie 1987). Part of this dis
crepancy may be due to the fact that Picea , a prolific 
pollen producer, dominates the northern boreal forests 
of these regions today, while Larix, a poor pollen pro
ducer, apparently dominated in eastern North Green
land . But this difference alone can hardly account for 
the low arboral pollen value in the Kap K0benhavn 
sediments. I believe that trees were indeed very rare in 
the area, being restricted to small favourable sites, and 
that closed forests were only to be found far to the south 
of Kap K0benhavn. Heaths and thickets were the dom
inant plant communities on upland areas with the preva
lent shrubs being Betula nana, Vaccinium uliginosum 
and Empretum nigrum . Arctostaphylos uva-ursi, Sa/ix 
reticulata and other salices constituted minor compo
nents. Dryas octopeta/a probably grew mostly on ex
posed places, such as ridge-tops, mountain slopes and 
elevated sites in the adjacent low mountains of Kim 
Fjelde. 

The trees probably grew singly or in small patches of 
forest (tree islands), in sheltered areas along streams 
and in valley bottoms (e .g. Arno 1984, Hustieh 1979, 
Larsen 1974). 

Larix. which was by far the most common tree spe
cies. probably grew on well drained sites, whereas Picea 
mariana and Tlwja occidentalis grew in more moist soil. 
Warmth-demanding plants such as Taxus, Alnus, Betula 
alba. Camus spp. and Viburnum grew in the same gen
eral areas. 

Herbs on upland sites included Oxyria digy11a, Rumex 
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acetosa, Arabis alpina, Hedysarum, Potentilla spp., Ar
temisia (?) and Gramineae. 

The landscape no doubt included an abundance of 
different wet land habitats . Many samples of detrital 
organic matter are dominated by remains of semi-aq
uatic or aquatic mosses, especially Scorpidium scor
pioides and Calliergo11 sarmentosum (Mogensen 1984, 
Funder et al. 1984) and vascular plants which chiefly 
grow in mires e.g . Selagi11ella se/aginoides, Ledum pa
lustre, Andromeda polifo/ia, Oxycoccus palustris, Ru
bus chamaemorus, Juncus, Carex spp. and Scirpus mi
crocarpus. Several of these, notably Andromeda polifo
lia, Oxycoccus palustris and Rubus chamaemorus, are 
acidophilous, as are also some of the mosses, especially 
Sphagnum sp . Today acidic substrates are rare in the 
Kap K0benhavn area, and nearly all plants growing 
there are calciphilous. 

The fossil insects from the Kap K0benhavn Forma
tion tend to confirm this picture (J. Bocher 1989, Ben
nike & Bocher in press). Several of the beetles and the 
carpenter ant ( Camponotus herculean us (L.)) depend 
on trees. Some interesting details are added by the 
insect fauna. Noteworthy is the presence of Elaphms, 
Notiophilus and several others which are highly active 
predating beetles which live on open, sandy or gravelly 
shores of lakes and streams. 

The moss species Schistidium maritimum (Turn.) B. 
S. G. grows on rocks and boulders near the sea shore 
and is the only representative for such habitats (G. S. 
Mogensen, pers. comm.). 

In summary, both plant macro fossil, pollen and insect 
data indicate the former presence of forest-tundra vege
tation with small , stunted trees in the Kap K0benhavn 
area. A mosaic of drier and wetter habitats was avail
able. 

Representatives from almost every group of freshwater 
organisms may leave remains, and such remains consti
tute a major part of many Quaternary lake deposits. 
Many different aquatic plants and animals are also rep
resented in the Kap K0benhavn Formation, including 
diatoms, Characeae, Tracheophyta, Turbellaria and Oli
gochaeta (represented by cocoons), Notostraca (Le
pidurus sp.), Cladocera, Coleoptera, Chironomidae, 
Trichoptera and Bryozoa ( Cristatel/a mucedo Cuvier 
and Plumatel/a spp. (Fredskild & R0en 1982, J. Bocher 
1989, W. Hofmann (pers. comm)., U. R0en (pers. 
comm.)). Together with fossils of plants such as Me-
11ya11thes trifoliata, Hippuris vulgaris, Potamogeto11 
spp., Nuphar, Sparga11ium, Zygnema tp. (Geel 1979), 
they indicate that shallow mesotrophic neutral and alka
line waters were once present in the area, as opposed to 
the present situation where the lakes are ultra-oligo
trophic and very sparsely vegetated. The presence of 
Tolypel/a indicates that alkaline waters were also pre
sent. 
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Palaeoclimate 

Summer temperatures. - The modern arctic tree line 
roughly follows the mean l0°C isotherm for the warmest 
month, except for very dry or very wet areas, where it is 
situated somewhat more southerly. The former pres
ence of forest-tundra vegetation in the Kap K0benhavn 
area thus implies mean temperatures slightly above 
10°C for the warmest month. The modern northern 
limit of the most warmth demanding plants found in the 
formation approaches the arctic tree line . 

The insects found in the Kap K0benhavn Formation 
are primarily boreal species. Only some of them enter 
the low arctic region, and it could be argued that the 
insects point to higher summer temperatures than the 
plants. In Britain, some Devensian interstadial deposits 
contain a mixture of boreal insects and arctic plants, and 
Coope (1977) argued that the insects (many of which 
are aquatic beetles) reacted quicker to climatic amelio
rations than plants due to their greater dispersal poten
tial. However, tree ring measurements from Kap K0-
benhavn clearly show that climatic conditions were mar
ginal for tree growth. 

The presence of arctic plants, notably Dryas octope
tala and Oxyria digyna, may not be very significant in 
this connection. Their southern limit follows approxi
mately the forest line, but it is determined by competi
tion rather than by climate. These heliophilous plants 
may thrive in more southerly areas of low competition, 
where shade from trees is not a problem. Aichinger 
{1951) reported on Dryas octopetala growing together 
with the Mediterranean trees Fraxinus ornus L. and 
Pinus nigra Arnold on landslide areas at the southern 
foot of the Alps. 

It should be noted that the marine mollusc fauna also 
includes several extralimital southern species associated 
with relatively warm water masses. One of these, Ma
coma balthica, has a modern northern range limit in the 
western Atlantic off central west Greenland {Lubinsky 
1980) . 

Winter temperatures. - Winter temperatures are more 
difficult to assess than summer temperatures, because 
the ranges of few plants or animals are confined by 
winter temperatures. However, it is well known from its 
natural range and from plantings in northwest Europe 
that Thuja occidentalis does not endure very cold win
ters. By comparing the modern natural range of T. 
occidentalis with climate maps it was found that its 
northern limit approximately follows the January iso
therm of - I 7°C. Tax us spp. also avoid regions of very 
strong winter frost. They do not tolerate low tempera
tures during the winter and especially during the early 
spring (Melzack & Watts 1982). The northern limit of 
Tax11s in eastern North America follows roughly that of 
T. occidentalis . 

Precipitation. - T/111ja occidentalis demands a relatively 
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humid climate, and its range is limited by a precipitation 
of about 500 mm per year (Fowells 1965). On the other 
hand, the common presence of Artemisia pollen grains 
in the Kap K0benhavn sediments may indicate more 
xeric conditions. Unfortunately, it is impossible to iden
tify Artemisia pollen grains to species, but most species 
require a dry climate, or at least dry soil conditions. 

It is suggested that wet land areas and upland areas 
formed a mosaic in the Kap K0benhavn area. Regional 
precipitation probably exceeded 500 mm per year. Stud
ies of the moss remains in the Kap K0benhavn Forma
tion also point to a precipitation higher than today 
(Mogensen 1984). 

The winters were rather rich in snow, but the snow 
cover was patchy. Dryas octopetala with the wind
adapted leaf type grew on exposed sites. The trees grew 
in sheltered locations where the snow accumulated in 
snow drifts, causing the marked deformation of the 
branches of the trees. Some of the dwarf shrubs repre
sented by fossils, such as Ledum palustre, Vaccinium 
uliginosum and Empetrum nigrum also prefer a constant 
or near constant snow cover during the winter. 

Discussion. - Although there is controversy over the 
usefulness of aquatics as palaeoclimatic indicators (Jo
hansen et al. 1906, Warner & Hann 1987, Walker & 
Mathewes 1987) many of the aquatics from the Kap 
K0benhavn Formation are extralimital southern species 
and clearly confirm that the regional climate was much 
warmer during the deposition of the Kap K0benhavn 
Formation than it is today. For example, the present 
northern limit of Cristatella mucedo approximately fol
lows the arctic tree line {Lacourt 1968). This species 
flourished in sub-arctic southwest Greenland during the 
Holocene "climatic optimum", but probably does not 
have a permanent population in Greenland today 
(Fredskild et al. 1975, R0en 1977). 

It is concluded that the climate during the deposition of 
the Kap K0benhavn Formation was subarctic and 
oceanic. Mean July temperature was 10-l 1°C, corre
sponding to an increase of 7°-8°C as compared with 
today. I am less certain about mean January tempera
ture. but it was probably between - l0°C and - l5°C, 
corresponding to an increase of 15°-20°C. Precipitation 
probably amounted to at least 500 mm per year, and the 
winters were rather rich in snow. The increase in pre
cipitation corresponds to at least double its current 
value . Light was not a restricting factor to heliophilous 
plants . 

Palaeo-phytogeography 

Most of the plant species found in the Kap K0benhavn 
Formation today have a boreal/low arctic circumpolar 
(Holarctic) distribution. Examples are Arctostaphylos 
11va-11rsi. Ledum palustre, Vaccinium 11/iginosum, Em
petrwn nigrum and R11b11s chamaemorus. To the circum-
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polar catagory also belong the water plants Hippuris 
vulgaris, Menyanthes trifoliata and Potamogeton natans, 
which are characterised by large modern ranges in tem
perate and arctic climates. 

Some taxa, such as Selaginella selaginoides, Tax us sp., 
Sa/ix reticulata and Myrica have discontinuous circum
polar ranges, and the fossils at Kap K0benhavn indicate 
that their ranges once were continuous along the shores 
of the Arctic Ocean. 

Another main group of Kap K0henhavn plants is 
presently confined to the Nearctic . The most notable 
examples are Picea mariana, Thuja occidentalis, Cornus 
stolonifera, C. ca11ade11sis and Scirpus microcarpus. 
However , many plants presently confined to North 
America are known as fossils from the Late Cainozoic 
of Europe, including Thuja occidentalis and Cornus sto
lonifera. Hence, these plants once had a much larger 
area of distribution (amphi-atlantic or even circumpo
lar) than today. 

No plants presently confined to the Palaearctic bio
geographical region have been recovered from the Kap 
K0benhavn Formation, but Dryas octopetala, Betula 
nana and Rumex acetosa do not grow in central North 
America and are predominantly Palaearctic. Sedwn a11-
n1111111 is apparently the only representative in the as
semblage of a plant with a present amphi-atlantic distri
bution . 

Overall the Kap K0benhavn fossils show that North 
Greenland during the Plio-Pleistocene (c. 2-2.5 Ma) 
was more closely allied phytogeographically with North 
America than Eurasia, a condition which also character
ises the modern North Greenland flora (T. Bocher et al. 
1959). 

While a large fraction of the identified plant species 
presently can be found growing in Greenland, only two 
of the identified beetle species presently occur in 
Greenland (J. Bocher 1989). The beetle fauna also in
cludes a small fraction of palaearctic species , and also 
some species which now occur far from Greenland. 
showing that distributional shifts among the Coleoptera 
involved more than simple south to north movements. 
Similar much more drastic shifts of Coleoptera distribu
tions than of plants are well documented in other stud
ies (Coope 1979). Also a few cladocerans of present-day 
Palaearctic range have been found (U. R0en, pers. 
comm .). 

All c. 50 species of mosses so far identified from the 
Kap K0benhavn Formation presently occur in Green
land (G . S. Mogensen. pers. comm .), although some 
are extralimital southern species. Dicra1111m 1111dulatum 
and Schistidiwn maritimum are primarily boreal species 
which in Greenland are confined to the southwest. On 
the other hand. the species Cinclidium arcticum is re
stricted to arctic and alpine regions. 

The origin of the arctic flora and vegetation has been 
much discussed. mostly by phytogeographers (e.g. Ha
dac 1960. Hulten 1937. A. Love 1959. A . Love & D . 
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Love 1967, 1974, Tolmatchev 1966a, b, Yurtsev 1964 , 
1972) . The question of the survival of plants in refugia 
in the arctic regions during the glaciations has been 
debated in numerous papers. With regard to the Green
land flora the discussion was begun by Warming (1888, 
1892) and Nathorst (1892). The last major contribution 
was provided by Funder (1979) based on pollen analysis 
of Holocene lake sediments and investigations of the 
Weichselian stratigraphy of East Greenland . 

The Kap K0henhavn flora, in comhination with other 
high latitude Late Cainozoic floras, puts some time 
constraints on the question of the origin of the present 
arctic flora and vegetation. Such common and wide
spread a retie plants as Dryas octopetala , Oxyria digyna , 
Cassiope tetragona and Papaver sect. Scapiflora existed 
in the Late Tertiary, but lowland tundra vegetation did 
not exist in the northern hemisphere to any extent dur
ing the deposition of the Kap K0benhavn Formation, 
and did not appear until late in the Neogene (Matthews 
1987, Wolfe 1980, 1985). In addition, we now know that 
arctic plants grew in Greenland prior to the Quaternary 
glaciations . 

Investigations of the glacial geology of East and 
North Greenland indicate that large areas remained 
unglaciated during the Weichselian (e .g. Funder 1979. 
1982 , Kelly & Bennike 1985), but it must be stressed 
that the temperature decline and the rigour during the 
Weichselian maximum, or the Pleniglacial (22 000-
18 000 years B.P.) should not be underestimated. This 
was also stressed by for example Iversen (1954), who 
first showed that Betit/a nana and other relatively 
warmth demanding plants did not survive the last glacia
tion in West Greenland. In Britain mean summer tem
peratures during the Pleniglacial were lowered by about 
I0°C (Atkinson et al. 1987), in agreement with results 
from the North Atlantic which implies a similar drop in 
summer sea surface temperatures (Ruddimann et al. 
I 986) . On the other hand it may be speculated that a 
plant like Dryas octopetala could have existed in Green
land from the Plio-Pleistoeene transition until the pre
sent day . 

The main point raised by many neo-botanists against 
a Holocene immigration of plants to Greenland is that 
the distance to Greenland is too long for any effective 
dispersal of diaspores (e.g. A. Love & D . Love 1974). 
The high degree of endemism in isolated oceanic islands 
seems to show that long-distance dispersal is an in
effective method of spread . However, there is strong 
circumstantial evidence for several such instances of 
long distance chance dispersal to Greenland . Besides B. 
1w11a may be mentioned A/1111s crispa (Fredskild 1983). 
Potamogeton prae/011g11s Wulf. and P. perfoliaws L. 
( Legaard 1960). several plants growing at hot springs 
(Halliday et al. 1974) and Spergularia canadensis (Pers.) 
G. Don (J . Bocher 1978). Apparently. given sufficient 
time. chance dispersal may be an effective mechanism 
with regard to Greenland . Dispersal by geese has been 
discussed by Iversen (1954) and Halliday et al. (1974) . 
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Fig. 72. Map of Greenland showing some occurrences with 
which the Kap K0benhavn Formation may correlate. 1: Kap 
Rigsdagen, 2: Lodin Elv, 3: Uglegylph0j, 4: Baggarden, 5: 
Central Washington Land, 6: Southern Washington Land, 7: 
Inglefield Land. The asterisk marks the position of Kap K0-
benhavn. 

Correlation and comparisons with other 
sites 

A number of sites in the northern hemisphere have 
yielded fossils of plants and provide a basis for compari
son with Kap K0benhavn (Figs 72 and 73). 

Greenland 
I . Marine strata near Kap Rigsdagen in northern Val

demar Gli.ickstadt Land, only 40 km to the south of 
Kap K0benhavn, yielded alloisoleucine/isoleucine 
(alle/lle) amino acid ratios from mollusc shells that 
are identical to ratios from the Kap K0benhavn For
mation. and indicate that the two deposits are corre-
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latable (Funder et al. 1984) . A single sample (GGU 
222324) of organic detritus contained abundant moss 
fragments of Scorpidium Ip ., six 3-sided and two 
2-sided Carex achenes and two seeds of Menyanthes 
trifoliata, a southern extralimital semi-aquatic com
mon in the Kap K0benhavn flora. 

2. The only other deposit in Greenland which can be 
reliably correlated with the Kap K0benhavn Forma
tion is the Lodin Elv Formation in central East 
Greenland (Feyling-Hanssen et al. 1983). This is a c. 
40 m thick sequence of marine sand, silt and diam
icton, which is also dated to the Plio-Pleistocene 
boundary by correlation of its foraminiferal assem
blages to faunas in the North Sea area. The alle/Ile 
ratios from Lodin Elv average 0.52 in the total frac
tion, and are thus much higher than the ratios from 
Kap K0benhavn which average 0.156 (Funder et al. 
1987) . The sparse pollen flora from the Lodin Elv 
Formation does not indicate tree growth in the area 
(Feyling-Hanssen et al. 1983). 

In two places in southern Peary land and in two places 
in Washington Land concentrations of wood have pro
duced "infinite" radiocarbon ages. 
3. From Uglegylph0jen, north of forgen Br0nlund 

Fjord , 40-45 m a .s.l., wood of Picea sp. and uni
dentified wood have yielded ages of > 35 000 and > 
35 600 years B.P. (K-1445, Fredskild 1969, Knuth 
1984; 1-9688, Weidick 1977, 1978). 

Fig. 73. Map showing some important localities mentioned. 
KK: Kap K0benhavn, MI: Meighen Island , PPI : Prince Patrick 
Island, WP: Worth Point on Banks Island, NR: Niguanak 
River, Alaska North Slope, CD: Cape Deceit on Seeward 
Peninsula, KR: Kolyma River (Krestovka sequence), OCR: 
Old Crow River region, TP: Tj6rnes Peninsula, EA: East 
Anglia . 
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4. From Baggarden at the western end of 0vre Mid
sommers0, c. 95 m a.s.l. three samples of Picea sp. 
yielded ages of> 35 000 years 8.P. (K-1446, K-1447, 
K-1448, Fredskild 1969, Knuth 1984). 

5. From central Washington Land, unidentified wood 
samples yielded ages of> 40 000 years B.P. (Jepsen 
1982). 

6. From north of Humbolt Gletscher, southern Wash
ington Land. Many wood pieces occur scattered 
along a gravel river bed, 245-260 m a.s.l. One sam
ple identified as Picea sp. has yielded an age of> 51 
000 years B.P. (GSC 2447, Blake 1987). 

The wood from localities 3 and 6 was interpreted by 
Weidick ( 1978) as interglacial driftwood redeposited by 
fluvio-marine action and trough action by glaciers re
spectively, while the wood from locality 5 was inter
preted by Jepsen (1982) to be of preglacial age, washed 
out from the Bj0rnehiet Formation. It is noteworthy 
that all four localities are characterised by concentra
tions of wood rather than by single pieces. I suggest that 
the wood originates from local tree growth, and the 
possibility exists that the occurrences correlate with 
each other and with the Kap K0benhavn Formation. 

7. From central Inglefield Land a sandy clay with only 
1.6 % organic matter yielded a pollen spectrum with 
43 % monolete fern spores and 20 % Huperzia se
lago spores. Excluding these spores from the sum, 
the spectrum comprises 30 % Betula, 13 % Artemisia 
and 5 % Al,111s. The radiocarbon age of 20 800 ± 
2900 years B.P. indicate mixing of old and new mate
rial (1-2322, Tedrow 1970, Blake 1974). The pollen 
flora shows some similarity to the Kap K0benhavn 
pollen flora, and a correlation is possible, although 
the evidence is very weak. 

Two other Greenlandic occurrences may be mentioned. 
From West Greenland two marine carbonate concre

tions contained between 5.5 and 20 % Picea pollen 
(Bryan 1954). The pollen flora was interpreted by 
Bryan as reflecting local interglacial boreal forest 
growth. but the Picea pollen was reinterpreted by Fun
der et al. (1984) as long distance transported pollen. 

From central East Greenland a peat deposit which 
was described by Backlund ( 1931) was assigned an in
terglacial age by Weidick (1971). However, more recent 
studies in the area indicate a Holocene age (S. Funder, 
pers. comm.). 

Canada and Alaska 
The Neogene Beaufort Formation in arctic Canada has 
received considerable attention during the past decades 
(e.g. Hills & Ogilvie 1970, Kuc & Hills 1971, Roy & 
Hills 1972, Hills et al. 1974, Hills & Matthews 1974, 
Matthews 1974, 1976, 1987, 1989, Matthews & Ov
enden in press, Matthews et al. 1986, Matthews et al. 
1990. Other Late Tertiary occurrences in northern 
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North America have also been studied, and although 
much of these data remains to be published, some au
thors have attempted to synthesise the available data 
(e.g. Repenning et al. 1987, Repenning & Brouwers in 
press). 

The fossil flora to which the Kap K0benhavn flora 
shows the greatest resemblance is the flora from the 
Beaufort Formation on Meighen Island in northernmost 
Canada (Matthews 1987). The insect faunas from the 
two deposits also show great similarity (Bennike & 
Bi:icher in press). However, the presence in the Beau
fort Formation on Meighen Island of e.g. Pinus, Picea 
banksii Hills & Ogilvie, Comptonia, Claytonia and Phy
socarpus, which have not been recovered from the Kap 
K0benhavn Formation, indicates that the Beaufort For
mation on Meighen Island is older than the Kap K0bcn
havn Formation (Matthews 1987). Unique to the Beau
fort Formation on Meighen Island is a marine unit with 
sparse foraminifers and molluscs. The foraminifers arc 
indicative of an Early Pliocene age (McNeil in press). 
Alle/Ile ratios from the southern, extralimital bivalve 
genus Arctica average 0.213 in the total fraction 
(Brigham-Grette et al. 1987). This taxon epimeriscs at 
about the same rate as Hiatella arctica and Mya trun 
cata, which yielded an average ratio of 0.156 from the 
Kap K0benhavn Formation (Funder et al. 1987). Thi~ 
difference also suggests that the Beaufort Formation on 
Meighen Island is somewhat older than the Kap K0bcn 
havn Formation. A recent 87Sr/86Sr analysis on Arctica 
shell fragments suggests a Late Miocene age (Matthews 
1989). 

The Beaufort Formation as currently defined (Fyles 
1989) is widely distributed in northern Canada, and 
probably spans from late Early Miocene to Early Plio
cene. The flora from Meighen Island and the Kap K0-
benhavn flora also show similarity to floras from Prince 
Patrick Island (Matthews et al. 1990). 

A number of Pliocene/Early Pleistocene deposits arc 
now known in the Alaska/Yukon region. While it i~ 
beyond the scope of this discussion to review these 
deposits. their faunas and floras, it should be mentioned 
that some molluscs found at Kap K0benhavn, such as 
Macoma balthica, Cyrtodaria kurriana and Trichotropis 
bicarinata, are characteristic elements of the lower part 
of the Late Pliocene Gubik Formation, Alaska North 
Slope (L. Marincovich, pers. comm.). Extralimital 
southern elements including sea otter and various mol
luscs are present in deposits of the Bigbendian and Fish 
Creekian transgressions at 2.5-3 Ma and c. 2.4 Ma B.P. 
(Carter et al. 1986, Repenning et al. 1987). Matthews & 
Ovenden (in press) reported on plant and insect re
mains from organic detritus from a deposit at Niguanak 
River, Alaska North Slope. which they propose is> 2.1 
Ma old. The dominant conifer is Larix, and the overall 
assemblage of plants and insects point to a forest-tundra 
environment, although distinctly different from any 
modern analogue due to the presence of Pinus, Abies 
and others. Several southern extralimital species, in-
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eluding Lonicera sp., point to warmer climate during 
the deposition of this detritus than today. 

The Cape Deceit Formation, western Alaska was in
vestigated by Matthews (1974), and dated by Repen
ning et al. (1987) to c. 2.1 Ma. However, a younger age 
of 1.2 to 1.8 Ma has been suggested by Sher (1986). No 
extinct plants have been recovered from the Cape De
ceit Formation. The flora in part of the formation is 
dominated by Larix, which grew in a forest-tundra envi
ronment, in a climate slightly warmer than the present. 
This episode of forest-tundra vegetation was preceeded 
and followed by periods of tundra vegetation. 

The Old Crow and Bluefish Basins in Yukon contain 
long records of Neogene/Early Quaternary sediments. 
But in comparison with the Kap K0benhavn Formation 
it is striking that no intervals of much warmer than 
present day climate have been identified in the Late 
Neogene/Early Quaternary part of the sequence. Thus 
open boreal forest physiognomically similar to the pre
sent local vegetation are recorded from locality 47, the 
Surprise Creek tephra locality on the Old Crow River, 
in sediments dated by small mammals to c. 1.7 Ma. This 
period of boreal forest was preceeded by a period of 
tundra vegetation as recorded on locality 94, the Little 
Timber tephra locality (Schweger 1987). 

The Worth Point Formation on Banks Island, which 
contains evidence of forest-tundra vegetation and 
warmer than present climate, is assigned to the Ma
tuyama reversed polarity chron (Vincent & Barendregt 
1987). However. it is probably considerably younger 
than the Kap K0benhavn Formation because of the 
lower taxonomic diversity of its flora and fauna, and 
because it lacks extinct plants such as Aracites (Mat
thews 1989). 

Siberia 
Pliocene/Early Pleistocene deposits are very widespread 
in north east Asia (Baranova 1978). The Krestovka 
section on the Kolyma River in eastern Siberia has the 
most detailed record of the Late Pliocene floral and 
faunal history in this vast area (Sher et al. 1979, Sher 
1987, Repenning 1984, Repenning et al. 1987). The Kap 
K0benhavn Formation may correlate with parts of the 
Olyor Suite. During the deposition of these beds the 
area was vegetated by forest-tundra. The only conifer 
represented by macroscopic remains is Larix. The cli
mate was not much different from the present. 

North Atlantic 
The Plio-Pleistocene Tjornes sequence in northern Ice
land has already been mentioned. During the deposi
tion of the lower part, the Tapes and Mactra zones, > 3 
Ma ago, sea water temperatures were about 5°C higher 
than at present (S1monarson 1980). The flora included 
the trees Larix and Betula alba (Akhmetiev et al. 1978). 
About 3 Ma ago a climatic deterioration took place, and 
sea water temperatures during the deposition of the 
Serripes zone were only slightly above the present 
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(Schwarzbach 1955, Simonarson 1980). The only tree 
species during this time was Betula alba (Akhmetiev et 
al. 1978). 

In Bakkabrunir lacustrine Late Pliocene (2:: 1. 7 Ma) 
deposits contain leaf imprints mostly of Alnus, but in
cluding Sa/ix spp., Vaccinium uliginosum, Betula and of 
particular interest Dryas octopetala (Akhmetiev et al. 
1978, Einarsson & Eirfksson 1988). Dryas octopetala 
leaves are also recorded from another Late Pliocene 
deposit in Iceland, Litlisandur in Hvalfjodur (Akhme
tiev et al. 1978). 

The pre-glacial sequence of East Anglia in England 
has recently been reviewed by Gibbard & Zalasiewicz 
(1988). During the deposition of the Coralline Crag 
between 3.6 and 2.3 Ma ago sea water temperatures 
were considerable higher than at present (Jenkins & 
Houghton 1987), whereas during the deposition of the 
younger parts of the Crag sequence, from< 3.2 to c. 1.3 
Ma ago, sea water temperatures resembled those of 
today. It is not possible to make any correlation be
tween Kap K0benhavn and East Anglia on the basis of 
vascular plants, but it is worth noting that the first 
period of open tundra-like vegetation is recorded in the 
Netherlands c. 2.3 Ma B.P. (Zagwijn 1974). 

The St. Erth Beds in southwestern England were laid 
down during subtropical marine palaeotemperatures, 
between 1.9 and 2.1 Ma ago (Jenkins & Houghton 
1987). 

Deep sea 
Finally a few notes on the deep sea record of the North 
Atlantic and Arctic Oceans will be given. Northern 
hemispherical cooling and the first major continental 
glaciation occurred at 2.5- 2.4 Ma B.P. (Shackleton et 
al. 1984, Rea & Schrader 1985). This first major glacia
tion was antedated by progressive enrichment of b0 18 

values in benthonic foraminifers after 3.1 Ma B. P. 
(Ruddiman & Raymo 1988), and on Iceland glaciations 
already occurred at least 3 Ma ago (Einarsson & Albert
son 1988). While climatic variations during the past 0.7 
Ma were of a large amplitude, the variations during the 
Matuyama chron (0. 73-2.47 Ma ago) were lower in 
amplitude (Jansen & Sejrup 1986, Ruddiman & Raymo 
1988). 

On the V0ring Plateau, a deep sea core at site 644 
shows evidence of cold water at 2.5 Ma ago followed by 
a brief return to warmer conditions about 2.2 Ma ago 
(Eldholm et al. 1987). 

The history of the sea ice cover of the Arctic Ocean is 
highly controversial, but it is noteworthy that Y. Her
man reported on a major change also at about 2.5 Ma 
ago - before the importance of this date in the North 
Atlantic and North Pacific was recognised. The sug
gested change was from ice-free conditions to an episod
ically or seasonally ice covered ocean, lasting until 
about 0.7 Ma ago (Herman & Hopkins 1980). 

In the Baffin Bay region a drastic change from open 
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boreal forest to tundra vegetation occurred at about 1.6 
Ma ago (Vernal & Mudie 1987), as recorded in deep sea 
sediments from Baffin Bay. 

As appears from the foregoing, a higher rise of tem
peratures is recorded from Kap K0benhavn at the Plio
Pleistocene transition than elsewhere. It is suggested 
that the large warming was mostly a North Atlantic 
phenomenon. It is unlikely that the Greenland Inland 
Ice existed contemporaneously with forest-tundra in 
North Greenland. If the Inland Ice did not exist, this 
would have had very pronounced consequences for the 
climate of Greenland. The albedo would fall, leading to 
a feed-back mechanism . In addition, relatively warm air 
masses could have penetrated northwards. 

Summary 
Biostratigraphic correlation using mammals, foraminif
ers, molluscs and ostracodes, supplemented by palaeo
magnetic studies, indicate that the age of the Kap K0-
benhavn Formation is 2-2.5 million years, i.e. Plio
Pleistocene by northwest European standard or Late 
Pliocene in North American terminology. 

The sequence was deposited in near-shore marine 
environments, from inner shelf through shoreface and 
foreshore to backshore along a high to medium energy 
coast (Fig. 74). The abundance of organic detritus in 
parts of the sequence probably result from nearby influx 

of fresh water , and the large volume of sediments also 
points to deposition along a deltaic coast line. The lower 
part of the formation contains evidence for glaciation in 
the area . 

During the deposition of the middle and upper part of 
the sequence the area was vegetated by forest-tundra 
vegetation (Fig. 74). The dominant tree was larch, 
which also dominated Late Neogene forests of northern 
North America (Matthews & Ovenden in press) and 
perhaps elsewhere. The forest-tundra at Kap K0ben
havn, although physiognomically similar to modern for
est-tundra, was floristically different, notably in being 
taxonomically more diverse . This non-analogous condi
tion may in part be attributed to the effect of the follow
ing Quaternary glaciations which lead to range reduc
tions and extinctions among many species. 

It may also in part be a consequence of the former 
combination of a northern light regime and a subarctic 
climate, which perhaps allowed some plants that are not 
presently tree line plants to grow at that boundary dur
ing the Plio-Pleistocene. 

The forest-tundra vegetation implies a climate much 
warmer than the present. Summer temperatures were 
7-8°C warmer than today. By two million years ago Kap 
K0benhavn was situated only about 100 km farther 
south than today (Smith et al. 1981); this slight southern 
displacement cannot account for the warmer climate. 
The general Tertiary global cooling trend has been attri
buted to a fall in the atmospheric carbon dioxide con
centration and changes in geography (e.g. Barron 
1985). However. when compared to other Late Neo-

-t Wet 1ands 

,-, Heaths 

Fig. 74. Reconstruction of the Kap K0benhavn area about two million years ago, during the deposition of unit 82 which consists of 
bioturbated mud. At the transition between unit 8 l and 82 some large scour-and-fill structures are seen (in cross section and from 
above). Unit B l consists of sand, partly showing large scale cross- bedding created by long shore bars migrating obliquely towards 
the coast. Where the river debouches into the sea a wave dominated delta is formed. The sea is ice free apart from a small iceberg. 
The upland area is vegetated by heaths and some small patches of trees. Wet land areas are extensive . 
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gene/Early Quaternary deposits on the northern hemi
sphere, it appears that the Kap K0benhavn Formation 
indicates warmer temperatures as compared with today 
than recorded elsewhere. I suggest that this may have 
been primarily a North Atlantic phenomenon. The 
Greenland Inland Ice did not exist and the Arctic Ocean 
was at least seasonally ice free. 

Acknowledgements 

This study was supervised by Svend Funder, and my foremost 
thanks go to him for his continual encouragement and support. 
I wish to thank S. Funder, J. Bocher, C. Marcussen, G. S. 
Mogensen, B. Noe-Nygaard, S. A. S. Pedersen and K. S. 
Petersen for good and inspiring company in the field. I am also 
indebted to M. Aalto, H. Bahnson, B. Bejer-Petersen, E. M. 
Brouwers, B. Christiansen, H. Dissing, R. W. Feyling-Hans
sen, E. M. Friis, P. Gjelstrup, N. Henriksen, H. A. Jensen, N. 
0. forgensen, M. Kelly, 0. Lyshede, J. V. Matthews, U. 
M0hl, M. Nuorteva, C. A. Repenning, U. R0en, F. Ju. Velich
kevich, K. Wasylikowa, W. Way (XRD analyses), R. G. West, 
J. Wolfe, and S. 0dum for discussions, various forms of help 
and for taking over different fossil groups for study. 

S. Funder, M. Kelly, P. V. Nikitin, C. A. Repenning, F. 
Surlyk and S. Watt kindly read and commented on the whole 
or parts of the manuscript. I am particularly appreciative and 
thankful for the enormous amount of work J. V. Matthews 
accomplished when critically reviewing the manuscript. 

R. Larsen and C. Rasmussen arc thanked for their expert 
drafting, and J. Aagaard, 0. B. Berthelsen, and J. Lautrup are 
thanked for photographic work. J. Fuglsang assisted at the 
Scanning Electron Microscope. 

Financial assistance was generously provided by the Carls
berg Foundation and the Commission for Scientific Research 
in Greenland. The expeditions to Kap K0benhavn in 1983 and 
1986 were made possible by help from the Geological Survey of 
Greenland, the Royal Danish Air Force. the Sirius sledge 
patrol and the Danish Meteorological Institute. 

The results based on GGU material are published with the 
permission of the Director of the Geological Survey of Green
land. 

References 
Aalto. M. 1970. Potamogctonaceac fruits. I. Recent and sub

fossil cndocarps of the Fennoscandian species. - Acta Bot. 
Fcnnica 88: 85 pp. 

Aalto. M. M. & Hirvas, H. 1987. Aracites interglacialis, a peat 
forming extinct plant found from Finnish Lapland (abstract). 
- Programme with abstracts, International Union for Qua
ternary Research. Xllth International Congress, Ottawa: 
116 only. 

Abrahamsen, N. & Marcussen, C. 1986. Magnetostratigraphy 
of the Plio-Pleistoccne Kap K0benhavn Formation, eastern 
North Greenland. - Phys. Earth planet. Inter. 44: 53-61. 

Aichinger. E. 1951. Lehrwanderungen in das Bergsturzgebiet 
dcr Schiitt am Siidfuss der Villacher Alpe. - Angewandte 
Pflanzensoziologie. Wien 4: 67-118. 

Akhmetiev. M.A .. Brattseva. G. M., Gitterman, R. E., Golu
beav. L. V. & Trifonov. V. G. 1978. Stratigrafii i flora 
pozincgo Kajnozoi Islandii. - Trudy Geol. Inst.. Akad. nauk 
SSSR 316: 188 pp. 

Albertsson. K. J. 1978. Um aldur jardlaga a Tjornesi. - Nattur
frredingurinn 48: 1-8. 

Arno. S. F. 1984. Timberline. Mountain and arctic forest fron
tiers. - The Mountaineers. Seattle: 304 pp. 

Meddelelser om Gr0nland, Geoscience 23 · 1990 

Atkinson, T. C., Briffa, K. R. & Coope, G. R. 1987. Seasonal 
temperatures in Britain during the past 22,000 years, recon
structed using beetle remains. - Nature 325: 587- 592. 

Backlund, H. G. 1931. Ober die Lagerungsbedingungen eines 
Torffundes in NO-Gronland. - Meddr Gr0nland 87 (1): 25 
pp. 

Backman, J., Shackleton, N. J. & Tauxe, L. 1983. Quantitative 
nannofossil correlation to open ocean deep-sea sections from 
Plio-Pleistocene boundary at Vrica, Italy. - Nature 304: 156--
158. 

Baranova, Yu. P. 1978. Stratigraphy of Paleogene and Neo
gene continental deposits of the Soviet northeast. - Internal. 
Geology Rev. 20: 719-730. 

Barron, E. J. 1985. Explanations of the Tertiary global cooling 
trend. - Palaeogeogr., Palaeoclimatol., Palaeoecol. 50: 
45-61. 

Bartholin, T. 1979a. The Picea-Larix problem. - Intern. Ass. 
Wood Anatomists Bull. 1979 (!): 7-10. 

Bartholin, T. 1979b. The Picea-Larix problem, discussion. -
Intern. Ass. Wood Anatomists Bull. 1979 (4): 90 only. 

Beetle, A. A. 1943. A key to the North American species of 
the genus Scirpus based on achene characters. - Am. Midi. 
Nat. 29: 533-538. 

Beijerinck, W. 1947. Zadenatlas der Nederlandsche Flora. -
H. Veenman & Zonen, Wageningen: 316 pp. 

Bell, F. G. & Dickson, C. A. 1971. The Barnwell Station arctic 
flora: a reappraisal of some plant identifications. - New 
Phytol. 70: 627-638. 

Bennike, 0. 1983. Palaeoecological investigations of a Holo
cene peat deposit from V0lvedal, Peary Land, North Green
land. - Rapp. Gr0nlands geol. Unders. 115: 15-20. 

Bcnnike, 0. 1985. Skov-tundra i Nordgr0nland i Plio-Pleisto
cren - plantegeografiske implikationer. - Dansk geol. Foren. 
Arsskrift for 1984: 111- 112. 

Bennike, 0. 1986. Kap K0benhavn 1986: Fortegnelse over 
feltlokaliteter og pr0veindsamling, sommeren 1986. Unpub
lished, Copenhagen: 6 pp. 

Bennikc, 0. 1987a. News from the Kap K0benhavn Forma
tion, Plio-Pleistocene, North Greenland. - Polar Research 5 
n.s.: 339-340. 

Bcnnike, 0. 1987b. Verdens reldste rypelyng - Forskningen i 
Gr0nlandffusaat 1/87: 2-6. 

Bennike. 0. 1988. Trreer pa Nordpolen. - Varv 1988: 13-17. 
Bennike, 0. 1989. 
Bcnnike, 0. & Bochcr, J. in press. Forest-tundra neighbouring 

the North Pole: plant and insect remains from the Plio
Plcistocene Kap K0benhavn Formation, North Greenland. -
Arctic. 

Berggren, G. 1981. Atlas of seeds and small fruits of North
west-European plant species with morphological descrip
tions. Part 3. Salicaceae-Cruciferae. - Berlings, Arlov: 261 
pp. 

Bialobrzcska. M. & Truchanowicz6wna. J. 1960. The variabil
ity of shape of fruits and scales of the European birches 
(Belltla L.) and their determination in fossil materials. -
Monographiae Bot. 9 (2): 93 pp. 

Birks, H. H. 1973. Modern macrofossil assemblages in lake 
sediments in Minnesota. - In: Birks, H.J. B. & West, R. G. 
(eds). Quaternary Plant Ecology. - Blackwells, Oxford: 
173-190. 

Birks. H. H. 1980. Plant macrofossils in Quaternary lake sedi
ments. - Arch. Hydrobiol. Beih. Ergebn. Limnol. 15: 1-60. 

Birks. H.J. B. 1976. Late-Wisconsinan vegetational history at 
Wolf Creek. central Minnesota. - Ecol. Monogr. 46: 395-
429. 

Blake. W., Jr. 1974. Studies of glacial history in arctic Canada. 
II. Interglacial peat deposits on Bathurst Island. - Can. J. 
Earth Sci. 11: 1025-1042. 

Blake. W .. Jr. 1987. Geological Survey of Canada radiocarbon 
dates XXVI. - Geol. Surv. Can .. Paper 86--7: 60 pp. 

Bobrov. E. G. 1972. Istorija i sistematika listvennic. - Izd. 
Nauka. Leningrad: 96 pp. 

77 



Brattbakk , I. 1986. Vegetatjonsregioner - Svalbard og Jan 
Mayen . - Statens Kartverk . H0nefoss (map) . 

Brigham-Grette. J ., Matthews, J . V., Jr. & Marincovich , L. , 
Jr. 1987. Age and paleoenvironmental significance of Arctica 
in the Neogene Beaufort Formation on Meighen Island , 
Queen Elizabeth Islands, Canada . - Abstract of the 16th 
Arctic Workshop, Edmonton, Alberta, Boreal Institute for 
Northern Studies. University of Alberta, Edmonton: 12-14. 

Bryan. M. S. 1954. Interglacial pollen spectra from Greenland. 
- Danm. geol. Unders. II. rrekke, 80: 65-73. 

Budkevich. E . V. 1955. Anatomicheskoe stroenie drevesiny 
vidov Larix v svyazi s ikh sistematikoi . - Bot. Zurn. 41: 
64-80. 

Burgh. J . . Yan der 1978. The Pliocene flora of Fortuna-Gars
dorf I. Fruits and seeds of angiosperms. - Rev. Palaeobot. 
Palynol. 26: 173- 21 I. 

Burgh. J. , Van der 1983. Allochthonous seed and fruit floras 
from the Pliocene of the lower Rhine Basin. - Rev. Palaeo
bot. Palynol. 40: 33- 90. 

Bacher, J . 1978. Spergularia canadensis ( Caryophyllaeeae) in 
Greenland. - Bot. Tidsskrift 72: 245-247. 

Bacher. J . 1989. Boreal insects in northernmost Greenland: 
palaeo-entomological evidence from the Kap K0benhavn 
Formation (Plio-Pleistocene). Peary Land. - Fauna norv. 
Ser B 36: 37-43. 

Bacher. T . W. 1954. Oceanic and Continental Yegetational 
Complexes in Southwest Greenland . - Meddr Gr0nland 148 
(1) : 336 pp. 

Bacher T . W. 1972. Evolutionary problems in the arctic flora. 
- In : Valentine . D. H. (ed .). Taxonomy. Phytogeography 
and Evolution . - Academic Press . London: 101-113. 

Bacher. T . W . . Holmen . K. & Jacobsen. K. 1959. A synoptical 
study of the Greenland flora. - Meddr Gr0nland 163 (I): 32 
pp. 

Bacher. T. W .. Fredskild. B .. Holmen, K. & Jacobsen, K. 
1978. Gr0nlands flora. - P. Haase & s0n. K0benhavn: 327 
pp. 

Carter. L. D .. Brigham-Grette. J., Marincovich. L.. Jr .. 
Pease. V. L. & Hillhouse. J. W. 1986. Late Cenozoic Arctic 
Ocean sea ice and terrestrial paleoclimate. - Geology 14: 
675-678. 

Chandler. M. E . J. 1962. The Lower Tertiary floras of southern 
England II. - British Museum (Natural Hi~tory). London: 
176 pp. 

Collinson . M . E. 1978. Dispersed fern sporangia from the 
British Tertiary. - Ann. Bot. 42 : 233- 250. 

Collinson. M . E. 1983. Accumulations of fruits in three small 
sedimentary environments in southern England and their 
palaeoecological implications. - Ann. Bot. 52: 583- 592. 

Conolly. A. 1958. The occurence of seeds of Papaver sect. 
Scapiflora in a Scottish Late-glacial site. - Veriiff. geobot. 
Inst.. Zurich 34: 27-29. 

Cook. C. D. K. & Nicolls. M. S. 1986. A monographic study of 
the genus Sparga11i11111 (Sparganiaceae). Part I. Subgenus 
Xa111hosparga11i11111 Holmberg. - Bot. Helv. 96: 213- 267. 

Cook. C. D . K. & Nicolls. M. S. 1987. A monographic study of 
the genus Sparga11i11111 (Sparganiaceae) . Part 2. Subgenus 
Sparga11i11111 . - Bot. Helv . 97 : 1-44. 

Coope. G. R. 1977. Fossil coleopteran assemblages as sensitive 
indicators of climatic changes during the Devensian (Last) 
cold stage. - Phil. Trans. R. Soc. London B 280: 313- 348. 

Coope. G. R. 1979. Late Cenozoic fossil Coleoptera : evolu
tion. biogeography and ecology . - Annual Review of Ecol
ogy and Systematics 10: 247-267. 

Davies. W. E. 1963. Glacial geology of northern Greenland. -
Polarforschung 5: 94-103. 

Davies. W. E. 1972. Landscape of northern Greenland. -
Spee. Rep . Cold. Reg. Res. Engng Lab. 164: 67 pp. 

Dayton . W. A. 1937. --Alfileria (filaree) seed ... - Rhodora 39: 
233-235. 

Dean. W . . E .. Jr. 197-t. Determination of carbonate and orga
nic matter in calcareous sediments and sedimentary rocks by 

78 

loss on ignition: comparison with other methods. - J. Sedi
ment. Petrol. 44: 242-248. 

Dickson. C. A. 1970. The study of plant macrofossils in British 
Quaternary deposits . - In : Walker. D. & West. R. G. (eds) , 
Studies in the vegetational history of the British Isles. -
Cambridge University Press. Cambridge : 233-254. 

Dilcher. D. L. 1974. Approaches to the identification of an
giosperm leaf remains. - Bot. Rev. 40: 1-157. 

Dorofeev. P. I. 1959. 0 Rannechetvertichnoj flore d. Zhidov
shizny na Nemane. - Dokl. Akad . nauk SSSR 124: 421-423. 

Dorofeev. P. I. 1960. 0 tretichnoj flore Belorussii. - Bot. 
Zhurn . 45: 1418-1434. Dorofeev, P. I. 1963. Tretichnye flory 
zapadnoj Sibiri . - Izd. Akad. nauk SSSR. Moscow: 287 pp. 

Dorofeev. P. I. 1969. Miocenovaja flora Mamontovoj gory na 
Aldane . - Izd. Nauka. Leningrad : 124 pp. 

Dorofeev. P. I. 1972. Treticnye flory Bassejna r. Omoloja . -
In : lstorija flory i rastitel'nosti Eurazii . - lzd . Nauka , Lenin
grad : 41-112. 

Dorofeev . P. I. 1974. Magnoliaceae , Cabombaceae. Nympha
ceae , Ceratophyllaceae, Menispermaceae, Ranunculaceae. 
Hamamelidaceac, Altingiaceae, Eucommiaceae. - In: ll1k
htajan. A. L. (ed.), lskopaemye cvetkovye rastenija SSSR, 
Vol. I. - Izd . Nauka, Leningrad: 9- 115. 

Dorofeev. P. I. 1986. lskopaemye Potamogeton. - lzd. Nauka, 
Leningrad: 134 pp. 

Drake. H. & Burrows. C. J . 1980. The influx of potential 
macrofossils into Lady Lake , north Westland. New Zealand. 
- New Zealand J . Bot. 18: 257- 274. 

Duman. M . G. 1957. Resin cavity pattern in the needles of 
Black. Red and White Spruce. - Bull. Torrey bot. Club 84: 
388 only. 

Durell . L. W. 1916. Notes on some North American conifers 
based on leaf characters. - Proc. Iowa Acad. Sci. 23 : 519-
582. 

Durham . J. W. & MacNeil. F. S. 1967. Cenozoic migrations of 
marine invertebrate~ through the Bering Strait region. - In: 
Hopkins. D. M. (ed.). The Bering Land Bridge. - Stanford 
University Press. Stanford: 326--349. 

Edlund . S. A. 1983. Bioclimatic zonation in a High Arctic 
region : central Queen Elizabeth Islands . - Geol. Surv. Can . . 
Paper 83-IA: 381- 390. 

Einarsson . Th . & Albertson . K. 1988. The glacial history of 
Iceland during the past three million years . - Phil. Trans. R. 
Soc. London B 318: 637-644 . 

Einarsson . Th . & Eiriksson. J. 1988. Roadlog. nordic geolog
ical excursion in Iceland 1988. - Reykjavik : 85 pp. 

Eiriksson . J . 1981. Lithostratigraphy of the upper Tj6rncs se
quence . North Iceland: The Bredavik Group . - Acta Nat
uralia Islandica 29: 37 pp. 

Eldhohn. 0 .. Thiede. J .. Taylor. E. et al. 1987. Summary and 
preliminary conclusions. ODP Leg 104. - In : Eldholm. 0 .. 
Thiede. J.. Taylor. E. et al. (eds). Norwegian Sea. - Proc. 
lnit. Repts. ODP 104A: 751-771. 

Elkington . T. T. 1965. Studies on the variation of the gcnu, 
Dryas in Greenland. - Medclr Gr0nland 178 (I): 56 pp. 

Ferdinansen. C. & Winge. 0 . 1925 . Ccnnococcum Fr. A 
monographic study. - Arsskr. K. Vet.-Landboh~ljsk. 1925: 
332- 382. 

Ferguson. D. K. 1978. Some current research on fossil and 
recent taxa<ls. - Rev. Palaeobot. Palynol. 26: 213-226 . 

Fcyling-Hanssen. R. W. 1986. Gr.cnscn mellem Terti,cr og 
Kvart.cr i Nords0en og i Arktis. fastlagt og korrclcret vcd 
IJ.i.clp af benthoniske foraminifcrcr. - Dansk gcol. Foren .. 
Arsskrift for 1985: 19-33. 

Fcyling-Hanssen. R. W. 1987. The biostratigraphic position of 
the Kap K0bcnhavn Formation based upon its foraminifcra . 
- Polar Research 5 n.s.: 3-t5- 346. 

Fcyling-Hanssen. R. W .. Funder. S. & Petersen. K. S. 1983 . 
The Lodin Elv Formation; a Plio-Pleistocene occurrence in 
Greenland. - Bull. geol. Soc. Denmark 31 : 81 - 106. 

Filion . L. . Payette. S . . Gauthier. L. & Boutin . Y. 1986. Light 

Meddelelser om Gr0nland. Geoscience 23 • 1990 



rings in subarctic conifers as a dendrochronological tool. -
Quat. Res. 26: 272- 279. 

Fowells, H. A. 1965. Silvics of forest trees of the United States. 
- Agriculture Handbook 271: 762 pp . 

Fredskild, B . 1966. Contributions to the flora of Peary Land, 
North Greenland. - Meddr Gr0nland 178 (2): 23 pp. 

Fredskild, B. 1969. A Postglacial standard pollendiagram from 
Peary Land, North Greenland. - Pollen Spores 11: 573-583. 

Fredskild, B. 1973. Studies in the vegetational history of 
Greenland. - Meddr Gr0nland 198 (4): 245 pp. 

Fredskild. B. 1983. The Holocene vegetational development of 
the Godthabsfjord area, West Greenland. - Meddr Gr0n
land. Geosci. 10: 28 pp. 

Fredskild, B . 1985. Holocene pollen records from West Green
land. - In : Andrews, J. T. (ed .), Quaternary environments. 
Eastern Canadian Arctic , Baffin Bay and western Green
land . - Allen & Unwin , Boston: 643-681. 

Fredskild, B. & R0en. U. 1982. Macrofossils in an interglacial 
peat deposit at Kap K0benhavn , North Greenland. - Boreas 
11 : 181- 185. 

, Fredskild, B . . Jacobsen. N. & R0en. U . 1975. Remains of 
mosses and freshwater animals in some Holocene lake and 
bog sediments from Greenland. - Meddr Gr0nland 198 (5): 
44 pp. 

Fredskild, B., Bay. C. & Holt, S. 1982. Botaniske under
s0gelser pit Jameson Land 1982. (Report) - Gr0nlands Bota
niske Unders0gelse, K0benhavn: 37 pp . 

Friis. E . M . 1976. Ascomycete svampe fra den Miocrene Fas
!erhol! flora. - Dansk geol. Foren . , Arsskrift for 1975: 5-9. 

Friis. E. M. 1985. Angiosperm fruits and seeds from the Mid
dle Miocene of Jutland (Denmark) . - Kgl. Danske Vidensk. 
Selsk . biol. Skr. 24 (3): 165 pp. 

Funder. S. 1978. Holocene stratigraphy and vegetation history 
in the Scoresby Sund area, East Greenland. - Bull. Gr0n
lands geol. Unders. 129: 66 pp. 

Funder. S. 1979. Ice-age plant refugia in East Greenland. -
Palaeogr., Palaeoclimatol., Palaeoecol. 28: 279- 295. 

Funder. S. 1982. Planterefugierne i Gr0nland. - Naturens Yer
den 1982: 241-253. 

Funder. S. 1983. Kap K0benhavn Projektet. Peary Land. For
tegnelse over feltlokaliteter og pr0veindsamling. sommeren 
1983. - Unpublished. Copenhagen : 11 pp . 

Funder. S. 1984a. Gr0nland for lstiden . - Forskning i Gr0n
land/tusau! 1/84: 2-11. 

Funder. S. 1984b. Skoven ved Nordpolen. - Carlsbergfondet. 
Frederiksborgmuseet. Ny Carlsbergfondet. Arsskrift 1984: 
9- 18. 

Funder . S. (co-ordinator) 1989. Quaternary geology of the ice 
free areas and adjacent shelves of Greenland. In: Fulton. R. 
J.. (ed). Quaternary geology of Canada and Greenland. -
Geological Survey of Canada. Geology of Canada. no. I 
(also Geological Society of America. The Geology of North 
America. v. K-1):743-792. 

Funder. S. & Hjort. C. 1980. A reconnaissance of the Qua
ternary geology of eastern North Greenland. - Rapp. Gr0n
lands geol. Unders. 99: 99-105. 

Funder. S .. Bennike. 0 .. Mogensen. G . S .. Noe-Nygaard, B .. 
Peder~en. S. A . S. & Petersen . K. S. 1984. The Kap K!'lben
havn Formation. a late Cainozoic sedimentary sequence in 
North Greenland . - Rapp. Gr0nlands geol. Unders. 120: 
9- 18. 

Funder. S .. Bennike. 0 .. Mogensen. G . S .. Pedersen. S. A. S. 
& Petersen. K. S. 1985a. Mudder. mos og muslinger nrer 
Nordpolen. - Naturens Verden 1985 : 226-245. 

Funder. S .. Abrahamsen. N .. Bennike. 0. & Feyling-Hanssen. 
R. W. 1985b. Forested Arctic: Evidence from North Green
land. Geology 13: 542-546. , 

Funder. S .. Petersen. K. S. & S1monarson. L. 1987. The Early 
Pleistocene Arctic Ocean: View from the beach. - Abstract 
Xllth INQUA Congress. Ottawa 1987: 170 only. 

Funder. S .. Bennike. 0. & Biicher. J . 1988. Kap K0benhavn -
cl geologisk Pompeji. - Naturcns Ycrden 1988: 241 - 256. 

Meddelelser om Gn1nland. Geoscience 23 · 1990 

Fyles. J. G. 1987. Stratigraphy of the Beaufort Formation as 
seen from Prince Patrick Island . - Extended abstract , work
shop on Circum-Arclic Late Tertiary/Early Pleistocene stra
tigraphy and environments, Denver, October 1987: 3 pp. 

Fyles. J. G . 1989. High terrace sediments, probably of Neo
gene age, west central Ellesmere Island, Northwest Territo
ries. - Geol. Surv. Can. Paper 89- ID: 101-104. 

Geel, B. Van 1979. Preliminary report on the history of Zygne
mataceae and the use of their spores as ecological markers. 
Proc. IV int. palynol. conf., Lucknow (1976-77) I: 467-469. 

Gibbard. P. L. & Zalasiewicz, J. A. (eds) 1988. Pliocene
Middle Pleistocene of East Anglia. Field Guide. Quaternary 
Research Association, Cambridge : 195 pp. 

Gladenkov. Y. B. 1979. Comparison of late Cenozoic mol
luscan assemblages in northern regions of the Atlantic and 
Pacific Oceans. - Internal. Geology Rev. 21: 880-890. 

Glaser, P. H. 1981. Transport and deposition of leaves and 
seeds on tundra : a late glacial analogue . - Arctic and Alpine 
Research 13: 173-182. 

Godwin. H. 1975. The history of the British flora . - Cambridge 
University Press. Cambridge: 541 pp. 

Greatex. P. A. 1983. Interpretation of macrofossil plant as
semblages from surface sampling of macroscopic plant re
mains. - Journ. Ecol. 71: 773-791. 

Greuter. W .. Burde!, H. M., Chaloner, W. G .. Demoulin, V., 
Grolle, R .. Hawsworth, D. L.. Nicolson , D. H. , Silva, P. C., 
Staufleu . F. A .. Voss , E. G. & McNeill, J . 1988. Interna
tional code of botanical nomenclature. - Regnum vegetabile 
118: 328 pp. 

Gunn. C. R. & Seldin. M. J . 1976. Seeds and fruits of North 
American Papaveraceae . - U . S. Dept. Agr .. Tech. Bull. 
1517: 96 pp . 

Hadac . E . 1960. The history of the flora of Spitsbergen and 
Bear Island and the age of some arctic plant species. -
Preslia 32: 225-253. 

Halliday, G .. Kliim-Nielsen, L. & Smart. I. H. M. 1974. Stud
ies on the flora of the north Blosseville Kyst and on the hot 
spring~ of Greenland. - Meddr Gr0nland 199 (2): 49 pp. 

Haq. B. U .. Berggren. W. A. & Couvering. J . A. van 1977. 
Corrected age of the Pliocene/Pleistocene boundary. - Na
ture 269 : 483-488. 

Hartz . N. 1909. Bidrag Iii Danmarks terti,cre og diluviale flora. 
- Danm. geol. Unders. II. nckke, 20: 292 pp. 

Hassan. M . Y. 1953. Tertiary faunas from Kap Brewster. East 
Greenland . - Meddr Gr0nland 111 (5) : 42 pp. 

Havinga. A . J. 1984. A 20-year experimental investigation into 
the differential corrmion susceptibility of pollen and spores 
in various soil types. - Pollen Spores 26 : 541 - 558. 

Herman. Y. & Hopkins. D. M . 1980. Arctic Oceanic climate in 
Late Cenozoic time. - Science 209: 557- 562. 

Heu~~er. L. & Balsam. W. L. 1977. Pollen distribution in the 
northcast Pacific Ocean . - Quat. Res. 7: 45-62. 

Hilb. L. V. 1975. Late Tertiary floras , Arctic Canada: an 
interpretation. - Proceedings of circumpolar conference on 
northern ecology. National Research Council of Canada: 
165-171 . 

Hills. L. V. & Matthews. J. V .. Jr. 1974. A preliminary list of 
fossil plants from the Beaufort Formation. Meighen Island. 
District of Franklin. - Geol. Surv . Can . . Paper 74-18: 
90--93. 

Hills . L. V. & Ogilvie . R. T. 1970. l'icea ba11ksii n. sp. Beau
fort Formation (Tertiary). northwestern Banks Island. Arc
tic Canada. - Can. J. Bot. 48: 457-464. 

Hills. L. Y .. Klovan. J. E. & Sweet, A . R. 1974. Jug/am 
eoci11erea n. sp .. Beaufort Formation (Tertiary). southwest
ern Banks Island. Arctic Canada. - Can J. Bot. 52: 65-90. 

Holmen . K. 1957. The va~cular plants of Peary Land, North 
Greenland. - Meddr Gr!'lnland 124 (9): 149 pp. 

Hopkins. D. M. 1967. Quaternary marine transgressions in 
Alaska . - In: Hopkins. D. M. (ed .). The Bering Land 
Bridge. - Stanford University Press, Stanford : 47-90. 

Hopkins. D . M .. Rowland. R. W .. Echols . R . E . & Valentine. 

79 



P. C. 1974. An Anvillian (Early Pleistocene) marine fauna 
from western Seward Peninsula, Alaska . - Quat. Res . 4 : 
441-470. 

Howard, J. D . & Reineck, H.-E . 1981. Depositional facies of 
high-energy beach-to-offshore sequence: Comparison with 
low-energy sequence. - Bull. Am . Ass. Petrol. Geol. 65: 
807- 830. 

Hutten, E. 1937. Outline of the history of arctic and borea! 
biota during the Quaternary period. - Bokf6r!ags Aktiebo
laget Thule, Stockholm: 168 pp. 

Hutten, E. 1958. The amphi-atlantic plants. - K. Svenska 
Vetensk-Akad. Hand!., Ser. 4, 7 (1): 340 pp. 

Hutten, E. 1959. Studies in the genus Dryas. - Svensk Bot. 
Tidsskr. 53: 507- 542. 

Hutten, E . 1962. The circumpolar plants, I. Monocotyledons. -
K. Svenska Vetensk-Akad. Hand!., Ser. 4, 8 (5) : 275 pp. 

Hultcn, E. 1968. Flora of Alaska and neighbouring territories. 
- Stanford University Press, Stanford : 1008 pp. 

Hulten. E. 1971. The circumpolar plants . II . Dicotyledons. -
K. Svenska Vetensk-Akad . Hand!., Ser. 4, 13 (1): 463 pp. 

Hulten, E. & Fries, M. 1986. Atlas of North European vascu
lar plants 1-111. - Koeltz Scientific Books, Kiinigstein: 1172 
pp. 

Hurst. J. M. & Surlyk, F. 1982. Stratigraphy of the Silurian 
turbidite sequence of North Greenland. - Bull. Gr0nlands 
geol. Unders. 145: 121 pp. 

Hustich. I. 1949. On the correlation between growth and the 
recent climatic fluctuation. - Geogr. Annlr 31: 90-105. 

Hustich. I. 1954. On forests and tree growth in the Knob Lake 
area, Quebec-Labrador Peninsula . -Acta Geogr., Helsingf. 
13: 1-60. 

Hustich. I. 1979. Ecological concepts and biographical zona
tion in the North: the need for a generally accepted termino
logy. - Holarct. Ecol. 2: 208- 217. 

Hutchinson. J . 1967. The genera of flowering plants. Yol II. -
Claredon Press. Oxford: 659 pp. 

Hakansson. E. 1979. Carboniferous to Tertiary development of 
the Wandel Sea Basin, eastern North Greenland. - Rapp. 
Gr0nlands geol. Under~. 88: 73- 83. 

Ingvarson, F. 1903. Orn drifveden i Norra Ishafvet. - K. Sven
ska Vetensk.-Akad . Hand!. 37: 1- 84. 

Inman. D. C. & Filloux, J. 1960. Beach cycles related to tide 
and local wind wave regime. - J . Gcol. 68: 225-231. 

Iversen . J . 1954. Origin of the flora of western Greenland in 
the light of pollen analysis. - Oikos 4: 85-103. 

Jansen. E. & Sejrup. H. P. 1986. Stable isotope stratigraphy 
and amino-acid epimerization for the last 2.4 M.Y. at site 
610. holes 610 and 610A. - Initial Reports of the Deep Sea 
Drilling Project 94: 879- 888. 

Jenkins. D. G. 1987. Was the Pliocene-Pleistocene boundary 
placed at the wrong stratigraphic level? - Quat. Sci. Rev. 6: 
41-42. 

Jenkins. D. G. & Houghton. S. D. 1987. Age. correlation and 
palaeoecology of the St. Erth Beds and the Coralline Crag of 
England. - Meded. Werkgr. Tert. Kwart. Geol. 24: 147-156. 

Jensen. H. A. 1975. Cennococcum geophilum Fr. in arable soil 
in Denmark. - Friesia 10. 300-314. 

Jentys-Szaferowa. J. & Truchan6wicz6wna. J. 1953. Nasiona 
Me11ya111hes L. W Polsce od pliocenu po okres wsp61czesny. 
- Prace Inst. geol. 10: 37- 59 

Jepsen . H . F. 1982. The Bj0rnehiet Formation: a faulted pre
glacial conglomerate. Washington Land. North Greenland. -
In: Dawes. P. R. & Kerr. J. W . (eds). Nares Strait and the 
drift of Greenland: a conflict in plate tectonics. - Meddr 
Gr0nland. Geoscience 8: 55- 59. 

Jepsen. H. F. & Kalsbeck. F. 1979. Igneous rocks in the Prote
rozoic platform of eastern North Greenland. - Rapp. Gr0n
lands geol. Unders. 88: 11- 14. 

Jepsen . H. F.. Kalsbeek. F. & Suthren. R. J. 1980. The Zig
Zag Dai Basalt Formation. North Greenland. - Rapp. Gr0n
lands geol. Unders. 99: 25- 32 . 

Johansen . A. C.. Wesenberg-Lund. C .. Gr0nwall . K. A .. 

80 

Hintze, V., Jessen, A ., Madsen, V., Nordmann , V ., Rei
mann . V., Sarauw, G. F. L. , Yahl, M. 1906. Diskussion om 
den senglaciale temperatur-oscillation . - Meddr. Dansk 
geol. Foren . 2: 91-113. 

Katz, N. & Katz, S. 1964. Die Eigentiimlichkeiten der Pleisto
ziinen Pflanzengesellschaften . - Report of the Ylth Interna
tional Congress on the Quaternary, Warsaw 1961. L6dz: 
439-445. 

Kay, P. A. 1978. Dendroecology in Canada's forest-tundra 
transition zone. - Arctic and Alpine Research 10: 133-138. 

Kelly, M. & Bennike, 0. 1985. Quaternary geology of parts of 
central and western North Greenland : a preliminary ac
count. - Rapp . Gr0nlands geol. Unders. 126: 111-116. 

King , C. 1983. Cainozoic micropalaeontological biostratigra
phy of the North Sea. - Institute of Geological Sciences. 
Report 82 (7) : 40 pp. 

King, W . B. R . & Oakley, K. P. 1949. Definition of the 
Pliocene-Pleistocene boundary. - Nature 163: 186-187. 

Kircheimer, F. 1938. Ober das Alter der Braunkohle Jiitlands. 
- Braunkohle 1938 (24): 405-409. 

Kircheimer, F. 1957. Die Laubgewiichse der Braunkohlenzeit. 
- Yeb Wilhelm Knapp Yerlag, Halle: 672 pp. 

Klassen. R . A ., Mott, R. J., Matthews, J. V., Jr. & Thomp
son. F. J . 1988. The stratigraphic and palaeobotanical record 
of interglaciation in the Wabush region of western Labrador 
(abstract). - Climatic fluctuations and Man III. Annual 
meeting of the Canadian Committee on Climatic fluctuations 
and Man, Ottawa, 28-29 January, 1988: 24-26 . 

Knaben. G. 1959. On the evolution of the Radicatum-group of 
the Scapiflora Papavers as studied in 70 and 56 chromosome 
species. Part A . Cytotaxonomical aspects . - Opera Bot. I 
(3) : 76 pp. 

Knuth, E. 1984. Reports from the Musk-ox Way. - Private 
publication. Copenhagen: 173 pp. 

Koch. I. P. 1916. Survey of Northeast Greenland. - Meddr 
Gr0nland 46 (2): 387 pp. 

Koch. L. 1926. Report on the Danish Bicentenary Jubilee 
Expedition north of Greenland 1920-23. - Meddr Gr0nland 
70(1): 1-232. 

Koch. L. 1928. Contributions to the glaciology of North 
Greenland. Meddr Gr0nland 65 (2): 181-464. 

Kokawa. S. 1958. On the discrete distribution of morphomctric 
values of Me11ya111hes seed remains in Japan. - J. Inst. Poly· 
tech. Osaka Cy Univ. Ser. D. 9: I 19-123. 

Kokawa. S. 1959. Morphometry of Me11ya111hes seed remain~ 
in Japan . - J . Inst. Polytech . Osaka Cy Univ . Ser. D. IO: 
45-63 . 

Kokawa. S. 1960. Morphometric recontructions of the com• 
pressed seed remains of Me11ya111hes in Japan. - J. I n~t. 
Polytech . Osaka Cy Univ. Ser. D, 11: 79-89. 

Kolakovskij. A. A. 1954. Pliocenovaja flora Meore•Atava . 
Trudy Suchom. - Bot. Sada. 8: 211-302. 

Kriissmann. G. 1960. Handbuch der Laubgehiilze. Vol. I. -
Paul Parey. Berlin: 495 pp. 

Kuc. M. 1974. The interglacial flora of Worth Point. WC\tcrn 
Banks Island. - Geol. Surv. Can., Paper 74-IB: 227- 231. 

Kuc. M . & Hills. L. V. 1971. Fossil mosses. Beaufort Forma 
tion (Tertiary). northwestern Banks Island. western Canada 
Arctic . - Can . J. Bot. 49: 1089-1094. 

Kurber•Grohne . V . 1964. Bestimmungsschliissel fi.ir subfossilc 
/1111cus•Samen und Grami11ee11-Friichte . - Probleme der 
Kustenforschung im siidlischen Nordseegebiet 7: 47 pp. 

Lacourt . A . W . 1968. A monograph of the freshwater Bryozoa 
- Phylactolaemata. - Zoo!. Yerh. 93: 159 pp. 

t.ancucka-Srodoniowa. M. 1957. Mioceriska flora z Rypina na 
Pojezierzu Dobrzyriskim. - Prace Inst. geol 15: 5-76. 

t.ancucka-Srodoniowa. M. 1966. Tortonian flora from the 
··Gd6w Bay·· in the south of Poland . - Acta Palaeobot. 7: 
1-135. 

Larsen . J. A. 197-l. Ecology of the northern continental forest 
borders. - In: Ives. J. D. & Barry. R. G. (eds). Arctic and 
alpine environments. - Methuen . London: 341-369. 

Meddelelser om Gr0nland, Geoscience 23 · 1990 



Li, H.-L. 1955. Classification and phylogeny of Nymphaceae 
and allied families. - Am. Midi. Nat. 54: 33--41. 

Little, E. L., Jr. 1971. Atlas of United States trees. Vol 1. 
Conifer and important hardwoods. - U. S. Department of 
Agriculture, Forest Service, Miscellaneous publication 1146: 
200 maps. 

Long, P. E. & Cambridge, P. G. 1988. Crag mollusca: an 
overview. - In: Gibbard, P. L. & Zalasiewicz, J. A. (eds), 
Pliocene-Middle Pleistocene of East Anglia. - Quaternary 
Research Association, Cambridge: 53-56. 

Lowdon, J. A., Robertson, I. M. & Blake, W., Jr. 1971. 
Geological Survey of Canada radiocarbon dates. XI. - Ra
diocarbon 13: 255- 324. 

Lubinsky, I. 1980. Marine bivalve molluscs of the Canadian 
central and eastern Arctic: Fauna! composition and zoogeo
graphy. - Canadian Bulletin of Fisheries and Aquatic Sci
ences 207: 111 pp. 

Legaard, S. 1960. Two species of Potamogeton new to Green
land. - Bot. Tidsskr. 56: 247-251. 

Love, A. 1959. Origin of the arctic flora. - Publications of 
McGill University Museums 1: 82-95. 

Love, A. & Love, D. 1967. Continental drift and the origin of 
the arctic-alpine flora. - Rev. Roum. Biol. - Botanique 12: 
163-169. 

Love, A. & Love, D. 1974. Origin and evolution of the arctic 
and alpine floras. - In: Ives, J. D. & Barry, R. G. (eds), 
Arctic and alpine environments. - Methuen & Co Ltd, Lon
don: 571-603. 

Love, D. & Boscaiu, N. 1966. Vaccinium gaultheroides Bigel., 
an arctic-alpine species. - Rev. Roum. Biol. Botanique 11: 
295- 305. 

McAndrews, J. H. 1972. Fossil pollen and plant macrofossils 
from the Fern bank site, New York. - Friends of the Pleisto
cene, 35th Annual Reunion Guidebook: 5- 11. 

Mackereth, F. J. H. 1966. Some chemical observations on Post
glacial lake sediments. - Phil. Trans. R. Soc. London B. 250: 
165- 213. 

McNeil, D. H. in press. Tertiary marine events of Beaufort
Mackenzie Basin and biostratigraphic significance of the 
benthic foraminifers Turrilina alsatica Andreae, Asterigerina 
staechei (Franke), and Cibicides grossa Ten Dam and Rein• 
hold in arctic North America. - Arctic. 

MacNeil, F. S. 1957. Cenozoic megafossils of northern Alaska. 
- U. S. Geological Survey, Professional Paper 294-C: 99-
126. 

Mangerud, J. 1986. Spor efter istider og mellemistider. - In: 
Fossen, A. B. (ed.), Bergensernes Fjellverden. - Hardanger 
Forlag, Bergen: 12-20. 

Mannion, A. M. 1986. Plant macrofossils and their significance 
in Quaternary palaeoecology. Part I: Introduction - Progress 
in Physical Geography 10: 195-214. 

Marco, H. F. 1932. The identification of the spruces (Picea) by 
needle structure. - Unpublished M. S. Thesis, College of 
Forestry, New York State University at Syracuse, New 
York: 29 pp. 

Marcussen, C. 1981. Continuation of the palaeomagnetic field 
work in eastern North Greenland. - Rapp. Gr0nlands geol. 
Unders. 106: 95-98. 

Martin, A. C. & Barkley, W. D. 1961. Seed identification 
manual. - California University Press, Los Angeles: 221 pp. 

Matthews, J. V .. Jr. 1974. Quaternary environments at Cape 
Deceit (Seward Peninsula, Alaska): evolution of a tundra 
ecosystem. - Bull. geol. Soc. Am. 85: 1353- 1385. 

Matthews, J., Jr. 1976. Insect fossils from the Beaufort Forma
tion: geological and biological significance. - Geol. Surv. 
Can .. Paper 76-18: 217-227. 

Matthews, J. V .. Jr. 1987. Plant macrofossils from the Neo
gene Beaufort Formation on Banks and Meighen islands, 
District of Franklin. - Geol. Surv. Can., Paper 87- lA: 
73- 87. 

Matthews, J. V .. Jr. 1989. New information on the flora and 
age of the Beaufort Formation. Arctic Archipelago, and 

Meddelelser om Gr~nland, Geoscience 23 · 1990 

related Tertiary deposits in Alaska. - Geol. Surv. Can., 
Paper 89-ID: 105-111. 

Matthews, J. V., Jr. & Ovenden, L. in press. Late Tertiary 
plant and insect macrofossil localities in northern North 
America (Alaska, Yukon and Northwest Territories). - Arc
tic. 

Matthews, J. V., Jr, Mott, R. J. & Vincent, J.-S. 1986. Pregla
cial and interglacial environments of Banks Island: pollen 
and macro- fossils from Duck Hawk Bluffs and related sites. 
- Geogragraphie physique et Quaternaire 40: 279-298. 

Matthews, J. V., Jr., Ovenden, L. E. & Fyles, J. G. 1990. 
Plant and insect fossils from the late Tertiary Beaufort For
mation on Prince Patrick Island, N.W.T. - In: Harington, C. 
R. (ed.), Canada's Missing Dimension. - Canadian Museum 
of Nature, Ottawa: 105- 139. 

Melzack, R. N. & Watts, D. 1982. Cold hardiness in the yew 
(Taxus baccata L.) in Britain. - J. Biogeography 9: 231 - 241. 

Meusel, H. E., Jager, E. & Weinert,, E. 1965. Vergleichende 
Chronologie der Zentraleuropiiischen Flora. Vol. 1 - Gustav 
Fischer Verlag, Jena: 583 pp. 

Mikola, P. 1948. On the physiology and ecology of Ce11110coc
c11111 graniforme especially as a mycorrhizal fungus of birch. -
Metsiitiet. Tutkimuslait. Julk 36: 104 pp. 

Miller, N. G. & Thompson, G. G. 1979. Boreal and western 
North American plants in the Late Pleistocene of Vermont. 
- J. Arnold Arbor. 60: 167- 218. 

Minaki, M. 1984. Macrospore morphology and taxonomy of 
Selaginel/a (Selaginellaceae). - Pollen Spores 26: 421-480. 

Mogensen, G. S. 1984. Pliocene or early Pleistocene mosses 
from Kap K0benhavn, North Greenland. - Lindbergia 10: 
19- 26. 

Molenaar, J. G. de 1976. Vegetation of the Angmagssalik 
District, Southeast Greenland II. Herb and snow-bed vege
tation. - Meddr Gnrnland 198 (2): 266 pp. 

Montgomery, F. H. 1977. Seeds and fruits of plants of eastern 
Canada and northeastern United States. - University of 
Toronto Press, Toronto: 232 pp. 

Mudie, P. J. 1982. Palynology of later Quaternary marine 
sediments, Eastern Canada. - Can. J. Earth Sci. 19: 729-
747. 

Muller, J. 1959. Palynology of recent Orinoco delta and shelf 
sediments. - Micropaleontol. 5: 1-32. 

Nathorst, A. G. 1892. Kritische Bemerkungen iiber die Ge
schichte der Vegetation Gronlands. - Englers Bot. Jahrb. 
14: 183-221. 

Nesis, K. N. 1965. Ecology of Cyrtodaria siliqua and history of 
genus Cyrtodaria (Bivalvia: Hiatellidae). - Malacologia 3: 
197- 210. 

Nikitin, P. A. 1948. Pliocenovye flory s reki Obi v Rajone 
Tomska. - Dokl. Akad. nauk SSSR 61: 1103-1106. 

Nikitin. P. A. 1957. Pliocenovye i cetverticnye flory Voronez
skoj Oblasti. - Izd. Akad. nauk SSSR, Moscow: 200 pp. 

Nikitin, P. A. 1965. Akvitanskaja semennaja flora Lagernogo 
Sada (Tomsk). - Izd. Tomsk Univ., Tomsk: 119 pp. 

Nikitin, V. P. 1964. Novye dannye k tretichnoi flore s. Voro
novo na r. Obi. - In: Materialy po geologii i poleznym 
iskopaemym Zapadnoi Sibiri. - Izd. Tomsk Iniv., Tomsk: 
127- 131. 

Nikitin, V. P. 1976. Mamontovoj gory po semenam i Plodam. -
In: Saks, V. N. (ed.), Miocen Mamontovoi Gory. - Nauka, 
Moskow: 131- 194. 

Nikitin, V. P. 1979a. Paleokarpologiyeskie pannye k stratigrafii 
Ncogena Kavinsko-Tavjskoj Vpaliny. - In: Shilo, N. A. & 
Baranova, Yu. P. (eds.), Kontinental'nye tretichnye tolshchi 
Severo-Vostoka Azii (Stratigrafiya, korrelyatsiya, paleok
liaty). - Izd Nauka, Sib. Otdel., Novosibirsk: 109- 120. 

Nikitin. V. P. 1979b. Nekotorye novye vidy rasteniy v Neoge
novych florach Severo-Vostoka SSSR. - In: Shilo, N. A. & 
Baranova, Yu. P. (eds.), Kontinental'nye tretichnye tolshchi 
Severo-Vostoka Azii (Stratigrafiya, korrelyatsiya, paleok
liaty). - lzd Nauka, Sib. Otdel.. Novosibirsk: 125- 130. 

Nikitin. V. P. 1979c. Neogenovye flory Severo-Vostoka SSSR. 

81 



- In: Shilo. N. A. & Baranova, Yu. P. (eds.), Kontinental
'nye tretichnye tolshchi Severo-Vostoka Azii (Stratigrafiya, 
korrelyatsiya, paleokliaty). - Izd. Nauka, Sib. Otdel., Novo
sibirsk: 130--149. 

Norton, P. E. P. & Spaink, G. 1973. The earliest occurence of 
Macoma balthica (L.) as a fossil in the North Sea deposits. -
Malacologia 14: 33-37 

Olsen, S. 1944. Danish Charophyta. - Kgl. danske Vidensk. 
Selsk. biol. Skr. 3 (1): 240 pp. 

Ostenfeld. C. H. & Larsen, C. S. 1930. The species of the 
genus Larix and their geographical distribution. - Kgl. 
danske Vidensk. Selsk. biol. Meddelelser 9 (2): 107 pp. 

Petersen. K. S. 1986. Marine makrofaunaelementer i Kap K0-
benhavn Formationen og Independence Fjord, Nordgr0n
land. - Dansk geol. Foren .. Arsskrift for 1985: 35-37. 

Petersen. 0. G. 1906. Den diagnostiske adskillelse af r0dgra
nens og la:rkens ved. - In: Petersen, 0. G. (ed.), Forstbota
niske Unders0gelser. - Gyldendal. K0benhavn: 64-69 

Petersen, 0. G. 1920. Forstbotanik. - Gyldendalske Boghan
del - Nordisk Forlag. K0benhavn: 474 pp. 

Pilger, R. 1926. Taxaceae. - In: Pilger, R. (ed.). Gymnosper
mae. - Englers Natiirlichen Pflanzenfamilien 13: 199-211. 

Polunin. N. 1943. Contributions to the flora and phytogeo
graphy of south-western Greenland: an enumeration of the 
vascular plants, with critical notes. - J. Linn. Soc. Bot. 52: 
349-406. 

Polunin. N. 1959. Circumpolar arctic flora. - Oxford Uni
versity Press. Oxford: 514 pp. 

Porsild. A. E. & Cody. W. J. 1980. Vascular plants of conti
nental Northwest Territories. Canada. - National Museums 
of Canada, Ottawa: 667 pp. 

Postma. D. 1981. Formation of siderite and vivianite and the 
pore-water composition of a Recent bog sediment in Den
mark. - Chem. Geol. 31: 225- 244. 

Postma. D. 1982. Pyrite and siderite formation in brackish and 
freshwater swamp sediments. - Am. J. Sci. 282: 1151-1183. 

Raniecka-Bobrowska. J. 1959. Trzeciorzedowa flora nasienna 
z Konina. - Biul. Inst. geol. 130: 159-252. 

Rasmussen. 0. L. 1954. Midnatssolen. - Gr0nland 1954: 436-
440. 

Rea. D. K. & Schrader. H. 1985. Late Pliocene onset of 
glaciation: ice-rafting and diatom stratigraphy of North Pa
cific DSDP cores. - Palaeogeogr.. Palaeoclimatol., Palaeoe
col. 49: 313- 325. 

Reid. C. & Reid. E. M. 1915. The Pliocene floras of the 
Dutch - Prussian border. - Med. Rijksops. Delstoffen 6: 178 
pp. 

Repenning. C. A. 1984. Quaternary rodent biochronology and 
its correlation with climatic and magnetic stratigraphies. -
In: Mahaney. W. C. (ed.). Correlation of Quaternary chro
nologies. - Gen Rooks. Norwich: 105-1 JO. 

Repenning. C. A. & Brouwers. E. M. in press. Mid-Pliocene 
to Late Pleistocene changes in the Arctic Ocean borderland 
ecosystem. 

Repenning. C. A .. Brouwers. E. M .. Carter. L. D .. Marincov
ich. L.. Jr. & Ager. T. A. 1987. The Beringian ancestry of 
Phe11acomys (Rodentia: Cricetidae) and the beginning of the 
modern Arctic Ocean borderland biota. - U.S. Geol. Surv. 
Bull. 1687: 31 pp. 

Ritchie. J.C. 1980. Towards a late-Quaternary palaeoecology 
of the ice-free corridor. - Can. J. Anthropology 1: 15-28. 

Ritchie. J.C. 1987. Postglacial vegetation of Canada. - Cam
bridge University Press. Cambridge: 178 pp. 

Roy. S. K. & Hills. L. V. 1972. Fossil wood from the Beaufort 
Formation (Tertiary). northwestern Banks Island. - Can. J. 
Bot. 50: 2637-2648. 

Ruddiman. W. F. & Raymo. M. E. 1988. Northern Hemi
sphere climate regimes during the past 3 Ma: possible tec
tonic connections. - Phil. Trans. R. Soc. London B 318: 
411-430. 

Ruddimann. W. F.. Shackleton. N. J. & McIntyre. A. 1986. 
North Atlantic sea-surface temperatures for the last 1.1 mil
lion years. - Spee. Publ. geol. Soc. Am 21: 155-173. 

82 

Roen, U. 1977. On freshwater Bryozoa (Ectoprocta) in Green
land with a record of Plwnatella repe11s (L.) new to Green
land. - Astarte 10: 73-76. 

Schuyler, A. E. 1971. Scanning electron microscopy of achene 
epidermis in species of Scirpus (Cyperaceae) and related 
genera. - Proc. Acad. nat. Sci. Philad. 123: 29-52. 

Schwarzbach. M. 1955. Beitrage zur Klimageschichte Islands. 
I. Allgemeiner Oberblick der Klimageschichte Islands. -
Neues Jb. Geol. Palaontol.. Mh. 3: 97-130. 

Schweger, C. E. 1987. Late Tertiary - Early Pleistocene paly
nology. Old Crow - Bluefish Basins. Northern Yukon, Ca
nada. - Extended abstract, workshop on Circum-Arctic Late 
Tertiary/Early Pleistocene Stratigraphy and Environments. 
Denver. October 1987: 7 pp. 

Scoggan. H. J. 1978-79. The flora of Canada. - National 
Museum of Natural Sciences. Ottawa: Vol. I-IV, 1711 pp. 

Shackleton. N. J .. Backman, J., Zimmerman, H .. Kent. D. 
V .. Hall, M.A .. Roberts. D. G .. Schnitker. D .. Baldauf. J. 
G .. Desprairies, A., Homrighausen, R .. Huddlestun. P .. 
Keene. J. B., Kaltenback, A. J., Krumsiek, K. A. 0 .. 
Morton, A. C. Murray, J. W. & Westberg-Smith, J. 1984. 
Oxygen isotope calibration of the onset of ice-rafting and 
history of glaciation in the North Atlantic region. - Nature 
307: 620-- 623. 

Sher. A. V. 1986. On the history of mammal fauna of Be
ringida. - Quatarpalaontologie 6: 185-193. 

Sher. A. V. 1987. Olyrian land mammal age of northeastern 
Siberia. - Palaeontographica ltalica 74: 97-112. 

Sher. A. V .. Kaplina. T. N., Giterman. R. E., Lozhkin. A. V .. 
Arkhangelov. A. A., Kiselyov. S. V .. Kouznetsov, Yu. V .. 
Virina. E. I. & Zazhigin. V. S. 1979. Scientific excursion on 
problem ··Late Cenozoic of the Kolyma Lowland". XIV 
Pacific Science Congress, Guidebook, Tour XI. - Acad. 
Sciences USSR. Moscow: 115 pp. 

Simak. M. 1971. De amerikanske Uirkarterna. - Sveriges 
. Skogsvi1rdsfiirbunds Tidsskrift 1971 (I): 59-80. 

Sunonarson. L. 1980. On climatic changes in Iceland. - Ji\kull 
29: 44-46. 

Singh. D. 1963. Structure and development of ovule and seed 
of Viola tricolor L. and /o11idi11111 s11ffr111icosw11 Ging. - J. 
Indian bot. Soc. 42: 448-462. 

Smith. A. G .. Hurley. A. M. & Briden. J. C. 1981. Phancro
zoic paleocontincntal world maps. - Cambridge Univcr-,ity 
Press. Cambridge: l02 pp. 

Sobolewska. M. 1977. Roshlinnoshch interglacjalna ze Sta
nowic kolo Rybnika na gornym Shlasku. - Acta Palaebot. 
18: 3-16. 

Spicer. R. A. 1980. The importance of depositional sorting to 
the biostratigraphy of plant megafossils. - In: Dilcher. D. L. 
& Taylor. T. N. (eds). Biostratigraphy of fossil plant\. -
Dowden. Hutchinson & Ross. Stroudsburg: 171-183. 

Stanek. W. 1961. Natural layering of black spruce in northern 
Ontario. - Forestry Chronicle 37: 245-258. 

Stix. E. 1960. Pollenmorphologische Untersuchungen an Com
positen. - Grana Palynol. 2: 41-114. 

Suess. H. E. 1954. U.S. Geological Survey radiocarbon date~ 
I. - Science 120: 467--473. 

Szafer. W. 1947. Flora Plioccnska z Kroscienka n/Dunajcem . 
II. - Rozpr. Wydz. Matem.-Przyr. B 72 (2): ] 13 pp. 

Szafer. W. 1961. Miocenska flora ze Starych na Shisku. - Pracc 
Inst. gcol. 33: 205 pp. 

Tauxc. L.. Opdyke. N. D .. Pasini. G. & Elmi. C. 1983. Age of 
the Plio-Plcistoccnc boundary in the Vrica Section. southern 
Italv. - Nature 304: 125- 129. 

Tcdro·w. J. C. F. 1970. Soil investigations in Inglefield Land. 
Greenland. - Mcddr Gr0nland 188 (3): 93 pp. 

Tcrasmae. J. 1960. A palynological study of the Pleistoccnc 
interglacial beds at Torronto. Ontario II. - Gcol. Surv. Can .. 
Bull. 56: 33--41. 

Thomasson. J. R. 1983. Carcx graceii sp. n .. Cyperocarpus 
cliasii sp. n .. Cyperocarpus terrestris sp. n .. and Cyperocar
pus pulchcrrima sp. n. (Cypcraccae) from the Miocene of 
Nebraska. - Am. J. Bot. 70: 435--449. 

Meddelelser om Gn7)nland. Geoscience 23 · 1990 



Thomsen, E . & Vorren, T . 0. 1986. Macrofaunal palaeoeco
logy and stratigraphy in Late Quaternary shelf sediments off 
northern Norway. - Palaeogeogr., Palaeoclimatol., Palaeoe
col. 56: 103-150. 

Tolmatchev, A . I. 1966a. Die Evolution der Pflanzen in ark
tisch-Eurasien wiihrend und nach der quaternaren Verei
sung. Bot. Tidsskrift 62: 27-36. 

Tolmatchev. A. I. 1966b. Progressive erscheinungen und Kon
scrvatismus in dcr Entwicklung der arktischen Flora. - Acta 
Bot. Acad. Scient. Hungaricae 12: 175- 198. 

Tralau. H. 1963. The recent and fossil distribution of some 
boreal and arctic montane plants in Europe. - Ark. Bot. Ser. 
2. 5: 532-582. 

Trappe. J. M . I 969. Studies on Cennococcum graniforme. I. 
An efficient method for isolation from sclerotia. - Can . J. 
Bot. 47: 1389-1390. 

Trautman. M.A. & Willis . E . H. 1966. Isotopes , Inc. radiocar
bon measurements . - Radiocarbon 8: 161- 203. 

Troclsen. J . C . 1952. Notes on the Pleistocene Geology of 
Peary Land, North Greenland. - Meddr Dansk geol. Faren . 
12: 211- 220. 

Truchanowicz6wna. J. 1964. Kopalne nasiona rodzaju Me
nyanthes z Europy i Azji . - Acta Palaebot. 5: 25- 53. 

Truchanowicz6wna, J. 1967. Nasiona rodzaju Menyanthes z 
pols kiego miocenu. - Acta Palaeobot. 8: 31- 51. 

Tutin. T. G . . Heywood , V. H .. Burges, N. A. , Moore , D. M., 
Valentine. D. H., Walters, S . M. & Webb, D . A. (eds.) 
1964-1980. Flora Europaea. Vol 1-V. - Cambridge Uni
versity Press. Cambridge . 

Vas'kovskij, A . P. 1956. Novye vidy iskopaemych chetvertich
nogo vozrasta. najdennye na krajnem Severo-Vostoka Azii. 
- Materialy po geologii i polcznym iskopaemym Severo
Vostoka SSSR IO: 162-168. 

Velichkevich. F. Ju. 1977. 0 Lichvinskoj Flore Pos. Ruba na 
Zapmlnoj Dvine. - Dokl. Akad . nauk. SSSR 223: I 158-
1161. 

Vclichkcvich , F. Ju. 1982. Plejstocenovye flory Lednikovych 
Oblastej Vostochno-Evropejskoj Ravniny. - Nauka i Tex
nika. Minsk : 208 pp. 

Vernal. A. de & Mudie . P. J . 1987. Late Pliocene to recent 
paleoenvironmcnts of Baffin Bay and Labrador Sea from 
palynological record~ of ODP sites 645, 646 and 647 (ab
stract). Programme with ab~tracts , International Union for 
Quaternary Research . Xllth International Congress. Ot
tawa: 155 only . 

Vincent. J. -S. & Barendrcgt. R. W . 1987. Late Cenozoic pal
comagnetic record of the Duck Hawk Bluffs. Banks Island. 
Canadian Arctic Archipelago (abstract). - Programme with 
abstracts . International Union for Quaternary Research, Xl
lth International Congress. Ottawa: 282 only. 

Walker. I. R . & Mathewes. R. W. 1987. Chironomids. lake 
trophic status. and climate. - Quat. Res. 28: 431-437. 

Walter. K . S . 1975. A preliminary study of the achene cpidcr
mi~ of certain Care.r (Cyperaceae) using scanning electron 
microscope . - Michigan Bot. 14: 67- 72 . 

Warming. E. 1988. Orn Gr011lands vegetation . - Meddr Gr0n
land 12: 245 pp. 

Warming. E. 1892. Gcschichte der Flora Gronlands. - Englers 
Bot. Jahrb. 14: 462-485. 

Meddelelser om Gr0nland. Geoscience 23 • 1990 

Warner. B. G. & Hann , B, J . 1987. Aquatic invertebrates as 
paleoclimatic indicators. - Quat. Res . 28: 427-430. 

Watts, W. A. 1959. Interglacial deposits at Kilberg and New
ton. Co . Waterford. - Proc. R. lr. Acad. 60B: 79-129. 

Watts. W. A. 1971. The identity of Me11ya111/res microsperma n. 
sp. foss . from the Gort interglacial, Ireland. - New Phytol. 
70: 435-436. 

Watts. W. A. 1988. Europe . In : Huntley, B & Webb, T. III 
(eds.). Vegetation history. - Kluwer Academic Publishers, 
Dordrecht: 155-192. 

Watts. W. A. & Winter. T . C. 1966. Plant macrofossils from 
Kirchner Marsh . Minnesota - A palaeoecological study. 
Bull. geol. Soc. Am. 77: 1339- 1360. 

Weidick. A. 1971. Quaternary map of Greenland. - Geological 
Survey of Greenland, Copenhagen. scale I : 2 500 000. 

Weidick. A. 1977. C" Dating of Survey material carried out in 
1976. Rapp. Gr0nlands geol. Unders. 85: 127- 129. 

Weidick. A. 1978. Comments on radiocarbon dates from 
Northern Greenland made during 1977. - Rapp. Gr0nlands 
geol. Unders. 90: 124-128. 

Welsh. S. L. 1974. Anderson's flora of Alaska and adjacent 
parb of Canada. - Brigham Young University Press. Provo: 
724 pp . 

Werner. F., Arntz. W. E. & Tauchergruppe Kiel 1974. Sedi
mentologie und i:ikologic eincs ruhendes Riesenrippelfelds. 
- Meyniana 26: 39-62. 

West . R . G. 1980. The pre-glacial Plcistocene of the Norfolk 
and Suffolk coasts. - Cambridge University Press, Cam
bridge: 203 pp . 

West. R. G .. Funnell. B. M . . Norton, P. E . P. 1980. An Early 
Pleistocene cold marine episode in the North Sea: pollen and 
fauna! assemblages at Covehithe. Suffolk, England . - Bo
reas 9 : I IO. 

Wolfe. J. A . 1980. Tertiary climates and floristic relationships 
at high latitudes in the Northern Hemisphere. - Palaeoge
ogr .. Palaeclimatol., Palaeoecol. 30: 313-323 . 

Wolfe. J. A. 1985. Distribution of major vegetational types 
during the Tertiary. - Geophysical Monograph 32: 357-375. 

Wood. R. D. 1967. Charophytes of North America. - Stella's 
Printing. West Kingston: 72 pp. 

Wood . R. D. & lmahori. K. 1965. A revision of the Char
aceaea. - Verlag von J. Cramer, Weinheim: 904 pp . 

Wyatt. R. 1984. lntra~pecific variation in seed morphology of 
Arenaria 1111iflora (Caryophyllaceae). - Syst. Bot. 9 : 423-
431. 

Yurtsc . B. A. 1964. On the origin of the hypoarctic fioristic 
complexe~ of Eurasia and their evolution in the Pleistocene. 
Tenth International Botanical Congress. Abstracts. Edin
hurgh : 509- 5 IO. 

Yumev. B. A . 1972. Phytogeography of northeastern Asia and 
the problem of transberingian floristic interrelations. In: 
Graham. A. (ed.). Flori~tic~ and palaeofloristics of Asia and 
ea,tern North America. - Elsevier. Amsterdam: 44-54. 

Zagwijn. W. H . 1974. The Pliocene-Pleistocene boundary in 
we,tcrn and southern Europe. - Boreas 3: 75-97. 

Zagwijn. W. H . & Doppcrt. J. W. C. 1978. Upper Cenozoic of 
the southern North Sea Basin: palaeoclimatic and palaeo
gcographic evolution. - Geol. Mijnbouw 57: 577- 588. 

83 



Index to generic and lower taxa 

(Numbers in bold face indicate major references) 

Abies ... ... . . ..... . ... ... .... . 
Acer rubrum .... ... ...•.... . ... 
A. saccharum ...... . .. ... . .... . 
A/1111s ...... .. ......... ... .. . . . 
A/1111s (A/11obe11tla) .... .... . . .. . 
Al11us crispa ... .. .. .... .... ... . 
A. i11ca11a ..................... . 
A. tertiaria . . . ........... ...... . 
A11dromeda po/if olia ..... . .. ... . 
A11e111011e ........ ..... ....... . . 
Arabis alpina . ........ . ........ . 
Aracispermum amense .. . . . . ... . 
A. cwwlic11/a1wn .............. . 
A. compresswn ........ . ... . • ... 
A. cordiformis ........ . .. ... .. . 
A. hippuriformis ............... . 
A. jugatum ...... ... ... . ... ... . 
A. orie111alis ..... ... . ••......... 
A. ovale . . . .... ..... . . . .... . .. . 
Aracites g/obosa ........ .. ..... . 
A. i111erg/acialicus . .... • . ........ 
A. i11terg/acia/is . ............... . 
A. joh11strupii . . ....•..... . .•... 
Are11aria ...................... . 
Arctica ........... .... .... . . .. . 
Arctostaphylos a/pi11a ..... . . .. . . 
A. rubra ...................... . 
A. uva-ursi ....... . ...... . . .. . . 
Artemisia .. ... ......... . . .. .. . 
Aswrte ..... . ..... . .... ..... .. . 
Astarte borealis . . .... .. .. . . ... . . 
Betula ........... . . . ..... ..... . 
Belltla alba ...... . ........... . . 
B. glall<lu/osa . . .... ...... . .... . 
B.1w11a ······ ········ ········· 

B. occide11wlis . .. ............ .. . 
B. papyrifera . .... . ........ .. .. . 
B. pubesce11s . ......... ... ..... . 
Botrvchium ..... ......... .. ... . 
Calliergon sarme/110s11111 ........ . 
Campo1101us herculea11us ... . ... . 
Cardiwn ciliatum .......... • .... 
Carex ........................ . 
Carex chordorrhiza ..... .. . .... . 
C. S/(1/lS ..•..............•• , • .. 

Carpolithes joh11strupii ... ..... . . 
C111polithes sp. A .......... ... . . 
Cassiope tetrago11a ............. . 
Cemrococc11111 geophilum ..... . 
C. gra11if orme .. . ......... . . ... . 
Cerastium arc1ic11m/alpi1111111 ..... . 
Chama<'11erio11 . ................ . 
Chara .. ....... ..... .... . . .... . 
Cibicides grossa ... .... . .. ..... . 
Ci11clidiu111 arcticu111 . ...... .. . .. . 
Cirsiu111 ...................... . 
Clarto11ia ......... . ..... . . . ... . 
Coinpto11ia . .. . ............. .. . . 
Comus ..... . 
Comus canade11sis ... .. ........ . 
C. florida .. . ................. . 
Comus sp . A ....... . .... . .... . 
C. stolonifera .... . ..... .... . . . . 

84 

74 
37 
37 
28. 42. 67 , 68 , 70, 74 , 75 
40 
40,41,72 
40 
40 
48, 49, 70 
39 
45 , 70 
63 
63 
63 
63 
63 
63, 64 
63 
63 
57, 62, 63, 64 
63 
63, 64 
63 
43, 44 
74 
47 
47 
47, 48, 49, 70, 71 
67, 69. 70. 71. 74 
13 
6, 20, 21 
26, 41, 65. 67 , 68. 74 , 75 
40. 41. 42 . 70 . 75 
39 
29. 39. 40. 41. 42, 43 , 
50. 70, 72 
40 
37, 40 
40 
67. 69 
70 
70 
6 
61. 62. 70. 73 
61. 62 
5 

57. 64 
5. 47. 72 
27. 29 
29 
42. 44 
67. 69 
28 
6 
72 
67. 69 
74 
70 
70 
54. 57. 72 
55 
54. 57 
34. 54. 55 . 57. 72 

C. suecica ........ ... . . ....... . 
Cristatella mucedo . . ..... ... . . . . 
Cylic/111a ..... .... . .. . . . ....... . 
Cyrtodaria k11rria11a ............ . 
Cystopteris f rag ii is ....... . . . ... . 
Dicranum 1111d11/at11111 ........... . 
Dryas ..................... . .. . 
D. drummo11dii . ..... . ...... . .. . 
D. illlegrifolia ................. . 
D. octopetala ...... . .. ......... . 

Dryopteris .......... ..... •. .... 
Elaphrus ..................... . 
Elphidiella hamrai ... ........ .. . 
E. rolfii ......... • ..... • • • • • • • · 
Elphidium excavalllm ... . ... .. . . 
Empetrum 11igrum ...... ...... . . 
Equisetum ..... . . .... ... . ..... . 
Erigeron . ............ .. . ...... . 
Erioplwrllm sclreuzeri . ... . ..... . 
£radium .... ..... ... . ..... .... . 
£radium cicutarium . ... . .... .. . . 
Fraxi11us 11igra . ........... ..... . 
F. OT/ll/S .... ... , .. .. • • ...... , .• 

Gym11ocarpium . ... .. . . ..... . .. . 
Hed)'sarwn .. ...... ........ .. . . 
Hedy.mrum alpi11um ............ . 
H. hedvsaroides ...... .... . .. . . . 
H. ma~·ke11zii .. ....... . ... .. .. . . 
Hiatella arctica .. .. . ....... . •... 
Hippuris ..........•..... •• ... .. 
H. glohosa . . . . .. . .•............ 
H. lll0/11(/ll{/ . ' . ' ... . .. . . . . .. ... . 
Hippuris sp. 2'? . . . .... .. . ... ... . 
H. tetraphylla .. .... ........ .. . . 
H. 1•ulgaris ...... ............. . 
Huperzia .. . .... ... .... • ....... 
Huperzia selago . . . ..... . .... . . . 
Hypolagus .. .. ........ . ....... . 
I/ex ....... . . ....... . . . . .. .. . . . 
/soetes . ... .. .. ... .. .. ..... .... . 
Jwrcus ....................... . 
Laricio.n/011 occicle111aloides .... . 
Larix . . _- . . .. .. .. . .... ......... . 

Larix gmelini . . .. . . . .. ... ... ... . 
L. groenlwulii . .. . . . . . . .. . . .... . 
L. griffithiana . ... . ... ..... ... . . 
L. larici11a .................... . 
L. Iva/Iii . ................... . . . 
L. ,iwstersiww ... . . ... ...... . . . 
l. lllillllfll ..... . .. .......... . , .. 
L. occidenwlis . . .. . ...... . ... . . . 
L. omoloica . ... . .... ... ..... . . . 
L. potw1i11i .. .. .. . .. . .. . ... ... . 
Larix sect. Multiserialis . ....... . . 
Larix sect. Pauciserialis ..... . . . . 
L. sibirica ... . .. . . . ...... . .. . . . 
Lathyrlls japonicus . ... . .... .. .. . 
Lec/11111 decu111be11s .. . .......... . 
L. groe11/1111dic11111 . .... .... . . . .. . 
L. palustre . . . . . ............... . 
Lepidu/"lls .... ... . . .. .. . . . .... . 
Lepus ............ . . ........ .. . 
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Linaria ........................ 51 
Linaria vulgaris . . . . . . . . . . . . . . . . 58 
Lonicera.......... . ............ 15 
Luzula . . . . . . . . . . . . . . . . . . . . . . . . 59, 61 
Lycopodium ................... 61, 69 
Macoma ............... . ....... 21 
M. balt/zica ....... . ............ 6, 20, 71, 74 
M. ca/carea . . . . . . . . . . . . . . . . . . . . 6, 20 
Megastigmus ................... 30 
Melandriwn affine/angustiflorum .. 44, 45 
Melandrium apetalum . . . . . . . . . . . 45 
Menyam/zes.................... 69, 70 
M. carpatica . . . . . . . . . . . . . . . . . . . 56 
M. microsperma . . . . . . . . . . . . . . . . 56 
M. minima ........ . ..... . ...... 56 
M. miocenica . . . . . . . . . . . . . . . . . . 56 
M. orientalis . . . . . . . . . . . . . . . . . . . 56 
M. parvula..................... 56 
Menyant/zes sp. A . . . . . . . . . . . . . . 56 
M. trifoliata........ . ...... . .... 55, 56, 58, 70, 72, 73 
Microt/zyrium . . . . . . . . . . . . . . . . . . 67, 69 
Morella ........................ 63 
Musculus nigra . . . . . . . . . . . . . . . . . 6, 13 
Mya truncata...... . ..... .. ..... 13, 74 
Myrica . . . . . . . . . . . . . . . . . . . . . . . . 68, 72 
M. arctogale . . . . . . . . . . . . . . . . . . . 46, 47 
M. eogale. . . . . . . . . . . . . . . . . . . . . . 47 
M. gale .................. . ..... 47 
M. jolmstrupii. . . . . . . . . . . . . . . . . . 63 
M. omoloica ....... . ........... 47 
Mytilus edulis . . . . . . . . . . . . . . . . . . 20 
Natica ......................... 20 
Nitella.................. . ...... 28 
Nonion erucopsis . . . . . . . . . . . . . . . 6 
N. 11i1,e11111 . . . . . . . . . . . . . . . . . . . . . 6, 20 
N. orbiculare. . . . . . . . . . . . . . . . . . . 6 
Notiop/zilus . . . . . . . . . . . . . . . . . . . . 70 
Nup/zar lwea........ . .......... 37, 38, 70 
N. polysepalum. . . . . . . . . . . . . . . . . 37 
N. variegalllm . . . . . . . . . . . . . . . . . . 37 
Nymplwides cordaw . . . . . . . . . . . . 56 
Oenopota . . . . . . . . . . . . . . . . . . . . . . 20 
Oxycoccus palustris . . . . . . . . . . . . . 48, 49, 70 
Oxyria ........................ 67, 68 
Oxyria digyna ....... . .......... 41, 42, 43, 70. 71, 72 
Papaver ........... . ........... 68 
P. ·alpi1111m . . . . . . . . . . . . . . . . . . . . . 39 
P. da/zlia1111111. . . . . . . . . . . . . . . . . . . 39 
P. /apponicum. . . . . . . . . . . . . . . . . . 39 
P. nudicaule. . . . . . . . . . . . . . . . . . . . 39 
P. radicalllm . . . . . . . . . . . . . . . . . . . 5 
Papaver sect. Scapiflora . . . . . . . . . 38, 39, 72 
P/zysocarpus . . . . . . . . . . . . . . . . . . . 74 
Picea. . . . . . . . . . . . . . . . . . . . . . . . . . 27, 32, 36, 64, 65, 66, 

67, 68, 70, 73, 74 
P. banksii. . . . . . . . . . . . . . . . . . . . . . 74 
P. glauca . . . . . . . . . . . . . . . . . . . . . . 32, 33, 37 
P. mariana. . . . . . . . . . . . . . . . . . . . . 30, 33. 34, 37. 70, 72 
P. rubens . . . . . . . . . . . . . . . . . . . . . . 32, 33 
Pinus ......................... 27, 67, 68, 74 
Pinus nigra . . . . . . . . . . . . . . . . . . . . 71 
Pleuropogon sabinei . . . . . . . . . . . . 5 
P/11111atella . . . . . . . . . . . . . . . . . . . . . 70 
Polygo1111m . . . . . . . . . . . . . . . . . . . . 41,42 
Polygonum viviparum ........... 41, 67, 68 
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Port/andia arctica. . . . . . . . . . . . . . . 6, 13 
Portamogeton ......... . .... . ... 69, 70 
P. a/pin us. . . . . . . . . . . . . . . . . . . . . . 59, 60 
P. arctovaginatus . . . . . . . . . . . . . . . 60 
P. filiformis . . . . . . . . . . . . . . . . . . . . 60 
P. gramineus . . . . . . . . . . . . . . . . . . . 58, 59 
P. natans . . . . . . . . . . . . . . . . . . . . . . 58, 59, 60, 72 
P. perfoliatus. . . . . . . . . . . . . . . . . . . 72 
P. perfo/ia111s/ric/zardso11ii. . . . . . . . 58, 59 
P. prae/ongus . . . . . . . . . . . . . . . . . . 72 
P. praevaginatus . . . . . . . . . . . . . . . . 60 
P. vaginatoides . . . . . . . . . . . . . . . . . 60 
P. vaginallls . . . . . . . . . . . . . . . . . . . . 59, 60 
Potentilla . . . . . . . . . . . . . . . . . . . . . . 51, 52, 68, 70 
Potentilla palustris . . . . . . . . . . . . . . 5 I, 52 
Proactinomyces alni. . . . . . . . . . . . . 28, 29 
Ranunculus . . . . . . . . . . . . . . . . . . . . 37, 67, 68 
R. /zyperboreus ..... . ..... . ..... 5, 31, 38 
R. pal/asii . . . . . . . . . . . . . . . . . . . . . 38, 39 
R. pygmaeus . . . . . . . . . . . . . . . . . . . 38 
R. reptans . . . . . . . . . . . . . . . . . . . . . 38 
Ru bus arcticus/saxatilis . . . . . . . . . . 5 I, 53 
Rubus c/zamaemorus ............ 51, 53, 54, 70, 71 
Rumex acetosa . . . . . . . . . . . . . . . . . 41, 42, 70, 72 
Sa/ix .............. . ........... 44, 45, 65, 67, 68, 75 
S. arctica . . . . . . . . . . . . . . . . . . . . . . 5, 46 
S. g/avca . . . . . . . . . . . . . . . . . . . . . . 46 
S. reticulaw.................... 29, 44, 45, 46, 70, 72 
Sax if raga . . . . . . . . . . . . . . . . . . . . . . 67, 69 
Saxifraga oppositifolia. . . . . . . . . . . 5 
Sc/zistidium maritimum . . . . . . . . . . 70, 72 
Scirpus ........................ 61 
Scirpus atrovincllls . . . . . . . . . . . . . . 6 I 
S. microcarpus ........ . .... .. .. 34, 61, 62, 70, 72 
S. rubroti11c111s . . . . . . . . . . . . . . . . . 61 
S. silvaticus . . . . . . . . . . . . . . . . . . . . 61 
Scorpidium . . . . . . . . . . . . . . . . . . . . 26, 73 
Scorpidium scorpioides . . . . . . . . . . 70 
Sedum a11111111111 ................. 50, 51, 52, 72 
Selaginel/a selaginoides . . . . . . . . . . 30, 32, 70, 72 
Serripes groenlandicus. . . . . . . . . . . 6, 20 
Sparganium angustifolium . . . . . . . 57, 63, 70 
S. /zyperboreum . . . . . . . . . . . . . . . . 63 
S. natans . . . . . . . . . . . . . . . . . . . . . . 63 
Spergularia canadensis........... 72 
Sphagnum ..................... 49, 69, 70 
Stel/aria . . . . . . . . . . . . . . . . • . . . . . . 43, 44 
Taxt1s ........... . ..... .. ...... 31, 38, 65, 70, 71, 72 
Ta.rus baccata . . . . . . . . . . . . . . . . . . 37 
T/zuja . . . . . . . . . . . . . . . . . . . . . . . . . 9, 64, 65, 66 
T. occidentalis. . . . . . . . . . . . . . . . . . 34, 36, 37, 38, 70, 71, 72 
Tolypella nidifica . . . . . . . . . . . . . . . 28, 29, 70 
Tric/zotropis bicarinata. . . . . . . . . . . 6, 20, 74 
Tsuga minllla . . . . . . . . . . . . . . . . . . 33 
Ulmus americanus . . . . . . . . . . . . . . 37 
Urocerus gigas . . . . . . . . . . . . . . . . . 65 
Vaccinium gault/zeroides . . . . . . . . . 49 
V. uligi110s11111.................. 25, 43, 48, 49, 50, 70, 

71, 75 
Viburnum . . . . . . . . . . . . . . . . . . . . . 57, 70 
V. edule . . . . . . . . . . . . . . . . . . . . . . . 56, 57 
V. opulus. . . . . . . . . . . . . . . . . . . . . . 57 
Viola. . . . . . . . . . . . . . . . . . . . . . . . . . 44, 45 
Zygnema ... . ...... . ..... . ..... 67, 69, 70 
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Tabte 3. Plant macrofossils from the Kap København Formation. 
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B3 GCI 64980 ............. . . ..... 157 125 3 3 1 3 2 3 4 
B3 53262 .................... 75 106.7 3 10 + 2 1 3 6 1 2 1 2 1 1 20 2 
B3 53261 .................... 104.3 3 12 1 2 14 10 3 5 5 2 7 85 3 7 
B3 56680 ............. . ..... . 90.2 li 28 5 2 4 4 2 4 120 4 20 
B3 64991 .................... 77 100 4 2 3 1 7 30 4 3 25 2 1 
B3 64990 .... . ............... 115 5 3 + 3 4 10 1 4 15 1 3 
B3 64989 .................... 110 8 4 + 1 8 2 4 10 1 1 
B3 64988 .................... 105 1 7 3 + 3 3 3 4 2 6 2 20 3 
B3 64987 .................... 102 35 li 1 2 3 1 
B3 56666 .................... 100 0.5 6 483 2 20 3 5 5 1 1 5 18 6 14 1 50 15 7 
B3 53214 .................... 122 104 1 10 2 14 13 1 1 + 3 5 2 3 5 76 4 10 24 3 4 45 3 22 
B3 53203 .................... 119 118 15 2 15 1 5 3 4 1 7 1 2 9 1 30 4 11 
B3 56688 ........... .. ....... 118 45 9 2 2 42 4 2 4 4 1 2 3 1 2 3 2 3 30 9 2 
B3 56692 .......... . ....... . . 116 10 260 20 120 110 3 + 4 3 2 3 1 29 330 22 10 22 58 85 8 24 400 25 + 
B3 56691 .................... 115 1 - 168 li 6 5 2 4 4 5 5 3 7 5 3 
B3 56690 .................... 105 2 1 3 4 1 3 1 2 2 8 1 2 
B3 56693 .................... 90 1 63 2 1 2 6 3 2 4 6 2 
B3 56698 ........... . ........ 69 103 0.5 1 6 1 3 6 2 22 47 
B3 53286 .................... 130 107 3 1 32 11 23 4 26 1 2 24 58 63 8 14 5 
B3 53267 .................... 132 155 5 li 6 34 30 2 3 23 7 2 9 5 23 14 16 1 li 15 47 27 4 60 7 9 
B3 53266 ................. . .. 153 1 19 7 25 2 4 15 3 5 15 2 7 3 15 2 8 9 17 7 2 40 5 + 
B3 53265 .................... 152 36 1 1 6 30 4 14 2 + 60 2 3 15 2 94 2 17 7 8 18 5 1 75 li 22 
B3 53264 .................... 117 3 12 2 3 5 14 1 2 6 27 3 13 29 4 
B3 53263 ......... . ...... .. .. 115 43 146 7 6 3 3 19 6 7 2 46 4 33 2 4 8 5 16 14 
B3 53290 .................... 131 155 3 + 4 2 1 2 4 
B3 53288 .................... 150 6 24 1 4 2 1 1 1 6 7 1 1 14 2 
B3 64972 ......... . ...... . ... 152 165 52 7 18 28 3 5 15 3 3 2 6 5 8 2 4 3 7 2 45 3 9 
B3 64965 .................... 146 160 21 3 28 7 7 1 6 4 5 7 1 1 9 16 52 8 10 18 1 
B3 64956 .................... 141 100 57 1 7 25 13 7 30 11 8 3 6 1 26 2 3 4 1 12 5 6 
B3 56618 ................ . ... 17 86 1 4 26 44 1 14 4 
B3 56611. ................... 68.4 3 1 1 7 6 1 1 6 280 
B2 56678 .............. .. .... 74 82.9 1 51 2 125 1 
B2 56674 ....... . ............ 75 84.6 0.5 4 li 65 10 
B2 56673 .................... 84.2 2 3 27 25 1 
B2 56625 .................... 27 87.4 6 116 1 1 1 8 
? 56608 .................... 16 1 71 6 10 1 1 8 45 
? 56606 ....... .. ........... 15 165 78 66 22 490 930 - 1462 5 4 13 17 60 
? 56605 .................... 160 4 7 6 56 37 387 1 2 6 8 120 1 
B3 GGU 197163 ................... 50b 129.7 1 3 1 4 4 3 230 1 
B3 197162 ..... •.. ........... 129.0 7 1 2 120 2 
B3 197161 ..... . ............. 127.8 8 6 4 14 2 13 340 1 10 
B3 197160 ................... 127.5 14 2 6 11 9 1 10 2 2 - 520 1 13 
B3 197159 .....• . ....... . .... 127.1 4 1 1 1 1 7 1 1 190 2 7 
B3 197158 ..... . ...... .. ..... 126.2 24 8 2 2 5 13 1 7 4 340 2 5 
B3 197157 .... . . ............. 124.8 2 10 5 - 560 1 
B3 197156 ..... • . ...... •. .... 123.4 4 1 3 3 2 290 2 
B3 197154 ................... 121.9 49 10 9 7 5 12 350 2 8 
B3 197153 .... . ... . .......... 121.3 16 3 3 7 6 2 3 270 1 4 
B3 197152 ....• • . .....• • . .... 120.0 2 1 320 
B3 197151 .... . .............. 118.2 50 
B3 197150 .... . .............. 117.0 40 
B2 197149 .... •. ...... •. ..... 116.1 3 3 3 10 2 2 
B2 197130 .... . ...... .. ...... 98.5 48 I 5 10 2 2 160 
B2 197120 ................... 50a 91.8 I 2 I 7 4 
B2 197119 .... . .............. 90.7 34 95 155 170 120 2 3 I 240 2 19 
B2 197118 ................... 89.5 4 2 I 3 13 150 
B2 197182 ................... 50 98 0.2 I 157 16 77 5 146 3 18 21 3 5 2 2 100 6 
Bl 197129 ................... 50b 89.0 1 2 193 11 3 6 I 7 1 5 200 4 14 
B2 197128 ................... 50 96.7 2 86 4 15 27 90 16 2 50 16 13 
Bl 197127 ........... •. ...... 95.9 165 4 12 29 3 16 4 4 2 650 3 43 
Bl 197126 ................. .. 95.0 6 2 I 30 
Bl 197125 .................. . 94.4 55 I 2 4 2 3 91 7 
Bl 197124 ........... • ....... 95.8 3 218 9 13 31 3 41 4 5 2 3 - 760 3 31 
Bl 197123 ......... .. ..... . .. 94.6 1 16 2 9 6 3 1 190 1 15 
Bl 197117 .......... .. ....... 50a 86.2 1 I 18 6 4 59 3 2 5 5 60 2 
Bl 197114 ................... 73.9 1 26 29 51 1 103 2 16 2 1 2 115 3 1 

Rare taxa, and samples with few leaves/diaspores are excluded 
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