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ABSTRACT

The organic assemblages (pollen, spores, dinoflagellate cysts, plant debris) extracted from Oligocene and upper Miocene
sediments of the Hovgàrd Ridge (Ocean Drilling Program Site 908) are dominantly of terrestrial origin. With its present posi-
tion in the middle of the Fram Strait (Greenland Sea), an obvious source for these terrestrial fossils is lacking. However, they
are in full consistency with the tectonic model for the ridge's origin as a sliver rifted from the Svalbard Platform since anomaly
13 time. The dominance of pollen and plant tissue fragments (often >IOO µm) and the low proportion of dinoflagellate cysts
(usually <20%) indicate relatively short distances to a forested lowland with prolific humic productivity. The pollen flora in the
Hovgàrd Ridge sediments present a unique glimpse into previously unknown vegetation in high northern latitudes during mid-
dle Oligocene and late Miocene times. The pollen indicates forests of conifers related to Pinus, Picea, Tsuga, and Taxodium,
with a minor element of angiosperms but relatively common ferns. This is different from the well-known Paleocene-Eocene
floras on adjacent Spitsbergen that were also rich in conifers but had a richer and more diverse angiosperm element and lacked
Tsuga relatives. It is a surprising observation that there is no change reflected in the pollen from the Oligocene to the upper
Miocene.

INTRODUCTION

In this paper we present the results of our pollen analysis of prep-
arations from 38 samples through 180 m of Tertiary sediments from
Ocean Drilling Program Hole 908A (Cores 151-908A-18X-2 to 37X-
2; Table 1) and discuss their paleobotanical and paleoenvironmental
implications. The section we studied represents two lithologic units,
of middle Oligocene and late Miocene age, separated by an unconfor-
mity.

The Hovgàrd Ridge is a prominent southeast-northwest-trending
topographic feature about 150 km in length in the deep, central part
of the Greenland Sea just north of 78°N latitude (Figs. 1,2). The ridge
rises abruptly to an elevation of more than 1,000 m above the average
seafloor depth of 2,500-3,000 m. Today it is 200 km west of Spits-
bergen, but a model for the plate tectonic evolution of the western
Svalbard Margin interprets the ridge as a sliver rifted from the Sval-
bard Platform after the Eocene-Oligocene transition (anomaly 13
time; Myhre and Eldholm, 1988; Figs. 3, 4). The ridge has a major
influence on the present deep-water circulation through the Fram
Strait, and Site 908 was drilled with the objective of studying the na-
ture and age of the sediments in order to gain a better understanding
of the origin and history of the ridge and its paleoceanographic sig-
nificance for the evolution of the Arctic-Atlantic gateway.

Our palynological analysis of the sediments shows dominantly
fresh-looking plant debris and pollen, which indicate a near terrestrial
source. Fragments of leaf cuticle and other debris often exceed 100
µm in diameter, and the low proportions of dinoflagellate cysts (rare-
ly exceeding 20%; Fig. 5) are further indications of only some tens of
kilometers distance from land with plant cover and high production
of humic material.
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The pollen preserved in the Hovgàrd Ridge sediments offers a
unique opportunity for a glimpse into a high latitude Northern Atlan-
tic flora from middle Oligocene (late Rupelian-early Chattian) and
late Miocene times. While Paleocene and Eocene floras of the Arctic,
and of Spitsbergen in particular, are well documented (see papers in
Boulter and Fisher [1994] for references), well-dated Oligocene and
younger Tertiary floras of middle to high 70° northern paleolatitudes
were previously unknown. The aim of this paper is to document and
interpret the pollen evidence, to compare it with other Paleogene flo-
ras of the region and to discuss the paleophytogeographic and paleo-
climatic implications. Previously, no significant change in the vege-
tation of the Svalbard region had been documented through much of
the early Tertiary (Manum, 1994), so it was not possible to make bio-
stratigraphic use of either leaf floras or the pollen and spore assem-
blages to determine the age of the sediments. That raises once again
the possibility first raised by Livshits (1974) that some of the plant
beds on Spitsbergen may be of Oligocene age.

MATERIALS AND METHODS

Hole 908 A was drilled on the northwestern crest of the Hovgàrd
Ridge (Fig. 2). Total penetration was about 345 m, with 91.1% recov-
ery. The basal 158 m of the sediments, from Core 151-908A-21X
down, have been dated by dinoflagellate cysts as late Rupelian to ear-
ly Chattian (Fig. 6; Poulsen et al., this volume). At 185 mbsf there is
a major hiatus with upper upper Oligocene and lower and middle Mi-
ocene sediments missing from the section (between Sections 151-
908A-20X-5 and 20X-CC of the present study).

The present study is based on 29 samples through the Oligocene
section (Sections 151-908A-20X-CC to 37X-2) and nine samples
from the lowermost 25 m immediately above the hiatus (Core 151-
908A-18X-2 to 20X-5). Sampling density varies between one and
four samples for each 9.5 m core. Samples of 2 to 3 cm3 were subject-
ed to standard palynological processing, using hydrochloric and hy-
drofluoric acids but no oxidation. The organic residues were sieved
through a 20-µm net before slide mounting, but two slides were made
before sieving to record the entire organic assemblage.
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Table 1. Pollen counts in 38 samples studied, Hole 908A.
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INTERPRETATION OF THE ORGANIC
ASSEMBLAGES

All samples contain abundant pollen, spores, and plant debris.
The large pieces of well-preserved debris indicate that they could not
have been transported far. The bulk of the pollen is equally fresh-
looking, and we cannot escape the conclusion that the assemblages
are composed, for the overwhelming part, of material that has not
been reworked. Furthermore, there is a stratigraphic consistency in
the palynological composition throughout the section studied, which
indicates a coeval source of plant litter and pollen that appears to have
been a lowland with swamp forests. However, most of the samples do
have a small number of less well preserved pollen and spores, and
there are rare reworked dinocysts of Paleocene to Eocene age.

In the Oligocene section, the dinocysts rarely exceed 20% of total
palynomorphs (Fig. 5) and are generally much less abundant, indicat-
ing a marginal marine environment. Fluctuations in the dinocyst per-
centages indicate changes in the distance to the terrestrial source.
Two parts of the Oligocene section (Sections 151-908A-32X-4 to
35X-3 and 25X-4 to 27X-4) give signals of deeper submersion, with
more dinocysts, and very little angiosperm except likely saltmarsh
forms at the top of the lower interval (provided our paleoecological
interpretation of "Polyporopollenites" is right). In the Miocene part
of the section, dinocyst percentages are somewhat higher, indicating
a stronger marine influence or distance to shore. Some of the samples
contain fusinitic particles and evidence of reworking, but the overall
impression of first cycle organic deposition is the same as below the
unconformity.

A plate tectonic model (Karlberg, 1995) advocates a relatively
late separation of the Hovgárd microcontinent from the Svalbard
Platform (Fig. 4). This implies that a terrestrial source some tens of
kilometers to the east of Site 908 is a valid site for the origin of the
pollen and the palynodebris in the Oligocene section. The fluctuating
marine/terrestrial palynomorph ratio probably reflects tectonically
induced vertical movements of the microcontinent, and the hiatus is
most likely the result of a late synrift uplift that caused erosion and
nondeposition (A. Myhre, pers. comm., 1995). For the Miocene sec-
tion, an elevated part of the microcontinent itself, with its vegetation,
is a likely source area (see Poulsen et al., this volume, for further dis-
cussion).

COMMENTS ON THE MAIN SPORE
AND POLLEN TYPES

The pollen and spore form-genera discussed below are names giv-
en to similar-looking specimens also present in older assemblages de-
scribed from Spitsbergen (Manum, 1962) and the Brito-Arctic Igne-
ous Province (Boulter and Manum, 1989) where they are fully illus-
trated. The plate numbers below refer to those in Manum (1962). The
results of the pollen counts are given in Table 1 and Figure 7.

Cicatricosisporites
These spores are usually darker brown than most other palyno-

morphs in the preparations and are likely to have been reworked from
older strata; most seem to be from Cretaceous taxa.

Baculatisporites (plate III, 1-4, 11-13)
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Figure I. Site map showing position of the Hovgárd Ridge in the Fram Strait and Site 908. Main plate tectonic structures are shown.
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Figure 2. Bathymetry (in meters) of the Fram Strait around the Hovgàrd
Ridge and Site 908 with major plate tectonic structures indicated (modified
from Karlberg, 1995).

Baculate spores are present in most of the samples studied with
clear baculae and trilete marks, and are often broken open. They may
be related to ferns of the Osmundaceae, which are well represented in
Arctic floras.

Gleicheniidites, Lycopodiumsporites, Polypodiaceaesporites, and
Cyathidites

These spores are well known from the Tertiary and earlier depos-
its.

Sequoiapollenites
Only one specimen of this papillate pollen has been found in the

preparations. Although it may be a morphological variation of inap-
erturate Taxodiaceae pollen, there is a view (based on comparisons
with the pollen of modern Taxodiaceae) that it represents the inland
redwood lineage of that family rather than the lowland swamp spe-
cies.

Inaperturopollenites (plate XI, 12-13)
Although usually associated with taxodiaceous swamp taxa, these

pollens are less frequent than usual for swamp deposits, and are of
quite variable form.

Sciadopityspollenites (plate XI, 1-9)
This distinct pollen is usually found in the northern Tertiary with

Taxodiaceae and Tsuga-type.
Tsugaepollenites (plate X, 1-4)
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r~~~~l oceanic crust

Figure 3. Diagrammatic plate tectonic reconstruction of the northernmost
Atlantic and adjacent Arctic Ocean at Anomaly 13 time (Eocene/Oligocene
transition) showing the position of the Hovgàrd Ridge. Modified from
Eldholmetal. (1984).

There are many well-preserved examples of this important Arctic
conifer. Today forms thought to be related are found with pines on
upland slopes and favor high humidity and shade. They are also
present south of the Arctic.

Piceapollenites (plate VI, 1-2; plate XIX, 1-3; plate XVII, 1-5)
These large bisaccates may be from species of Picea and Abies,

possibly extinct.
Cedripites
Usually these small bisaccates are thought to have affinity with

modern species of Cedrus-like plants that today enjoy dry climate.
Pityosporites (plate IX, 1-8)
These most common of all bisaccate pollen are from a variety of

pine species, and there is no evidence they are extant. Like their rel-
atives they produced pollen in large quantities that were well
equipped for long-distance dispersal in the air and water.

Pterocaryapollenites (plate XVI, 11-12)
These 5-8 pored pollen are common in north temperate Tertiary

assemblages.
Polyporopollenites
These multiporate, reticulate pollen may be from salt-marsh

plants in the family Chenopodiaceae. Here they are the most common
angiosperm pollen, especially in the sample from Section 151-908A-
31X-4 (around 288 mbsf).

Juglanspollenites (plate XVI, 13-14)
Juglandaceous leaves have been identified from Spitsbergen by

Schloemer-Jàger (1958), Budhantsev (1983), and Kvacek et al.
(1994).

Alnipollenites (plate XVI, 1-10)
Leaves that Kvacek et al. (1994) identified as Corylites hebridicus

may be from plants producing this pollen.
Intratriporopollenites
There are two specimens of this 77//α-like pollen with very char-

acteristic pores, both in Core 151-908A-20X (20X-6, 137-138 cm,
and 20X-CC). Leaves thought to be associated with that family are
identified from Spitsbergen by Kvacek et al. (1994). Vakulenko and
Livshits (1970, plate III, figs. 13, 14) recorded single specimens of

Tilia pollen from the Firkanten Formation and the Renardodden (cf.
Table 1 of Kvacek et al., 1994, where they are dated as early Pale-
ocene and late Eocene, respectively).

Corsinipollenites
Large triporate pollen from the Onagraceae are found in many

Oligocene assemblages in northern Europe.
Ericipites (plate IV, 1-14)
These tetrads are usually thought to be Ericaceous. This family

was probably present in the Arctic Tertiary although there is no firm
evidence from megafossils.

Trudopollis (plate XII, 24-31)
Manum (1962) created three new species of this form-genus of

Pflug's and commented on their affinity. Certainly they are unlike
any modern pollen and represent a large group of extinct plants. They
are well preserved, and there is no reason to think they are reworked
at Site 908.

COMPARISONS TO OTHER NORTHERN FLORAS

It is difficult for us to understand the kind of flora that this assem-
blage represents because there are no modern equivalents of the ecol-
ogy, the vegetation, or the light conditions beyond 74° north paleolat-
itude (Fig. 8). Furthermore, there are no equivalents in long Cenozoic
sections farther south where angiosperm pollen are much more com-
mon. A temperate climate with about four months of reduced light
and even darkness each year would surely demand a special physiol-
ogy and lifestyle for its inhabitants. We can be sure that the land
source adjacent to the Hovgárd microcontinent had lowland forested
swamps with a high humic productivity. Dominance of bisaccate pol-
len and very rare angiosperm pollen indicate that the forest was co-
niferous, composed of Pinus species and other genera closely related
to modern Tsuga, Picea, and Taxodiaceae (Fig. 7). Plants of these
taxa were at that time growing well, 10° farther south in warm tem-
perate forests (Boulter and Fisher, 1994). Spores show that ferns were
also quite common. The coniferous forests may have comprised
stands with little understory light in the summer, occupied first by the
ferns when an opening appeared or at the edges of open water
(Boulter and Fisher, 1994). Present-day Tsuga enjoys cool, dark, hu-
mid conditions, or just the kind that can be deduced around the Hov-
gàrd Ridge at about 74°-77°N in the Oligocene to Miocene. The an-
giosperms had a small role to play in these forests; our painstaking
pollen analysis has identified fewer than 10 taxa, each represented by
just a few specimens.

Earlier studies suggest that the vegetation of Spitsbergen did not
change greatly for at least 25 million years from Paleocene to Eocene
times (Manum, 1994). Pollen assemblages described from the Pale-
ocene to Eocene of the Central Basin on Spitsbergen (Manum, 1962;
Livshits, 1974), and their contemporary megafossil floras (Schloem-
er-Jàger, 1958; Schweitzer, 1974; Kvacek et al., 1994), show a prom-
inent and more diverse selection of angiosperms. The present evi-
dence from the Oligocene and Miocene suggests that there was a
dominant representation by the conifers and a subordinate an-
giosperm element throughout the succeeding intervals. After the Ter-
minal Eocene Event, temperatures began to fall, making such high
latitudes less attractive for angiosperms. Evidence from Arctic Can-
ada led Basinger et al. (1994) to argue for a decrease in deciduous
vegetation in the Neogene.

The middle Oligocene pollen record from the Hovgárd Ridge has
an interesting equivalent in the assemblage from the Tertiary outlier
at Forlandsundet on Spitsbergen (Sarsbukta) studied by Manum
(1962). He found this assemblage to be dominated by bisaccates un-
like the assemblages from the Central Basin, where inaperturates
formed the dominant coniferous pollen group; the Sarsbukta assem-
blage was also different in having fewer angiosperms, both in terms
of diversity and relative frequency, and Tsugaepollenites appeared as
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Figure 4. Present-day position of the Hovgárd Ridge,
Sites 908 and 909, and their backtracking relative to the
Svalbard platform through time to the Eocene/Oli-
gocene transition. Major plate tectonic structures and
the paleomagnetic lineations of the Greenland Sea are
also shown (modified from Karlberg, 1995).

a major new element (representing up to 5% of the pollen sum),
which had not been recorded from the Central Basin. Based on re-
gional geological considerations, the Tertiary sediments at Forland-
sundet are generally considered to be younger than any from the Cen-
tral Basin, but biostratigraphic evidence for their age has been con-
flicting. Foraminiferal assemblages from the Sarsbukta locality were
interpreted as middle or upper Oligocene (Feyling-Hanssen and Ul-
leberg, 1984), whereas dinoflagellates indicated upper Eocene
(Manum and Throndsen, 1986). Recent Sr isotope analyses of fora-
minifers from the locality have confirmed Feyling-Hanssen and Ul-
leberg's interpretation, namely 27.5 to 29.5 Ma (Eidvin et al., 1994),
which means that the dinoflagellate cysts found by Manum and
Throndsen (1986) are reworked. Similar reworking has been reported
in a well from the Barents Sea (Eidvin et al., 1994). The pollen as-
semblage described from Sarsbukta by Manum (1962) is therefore
within the same middle Oligocene interval as the Hovgárd Ridge sed-
iment and its pollen. Compared with the Paleogene floras in the Cen-
tral Basin, the younger Sarsbukta and Hovgárd Ridge floras are dis-
tinguished by a much decimated angiosperm element and the appear-
ance of a 7swgα-related conifer not present in the earlier Paleogene
on Spitsbergen.

Tsuga pollen appears in the middle Eocene of the Canadian Arctic
(D. Mclntyre, pers. comm., 1995). The present evidence from the
Oligocene suggests that there was a dominant representation by the
conifers throughout the Paleogene in the region of present Spitsber-
gen, and that their composition underwent some change as seen by
the Oligocene appearance of Tsugaepollenites and in the shift from
inaperturate to bisaccate dominance. The angiosperm component
was considerably decimated from the Eocene to the Oligocene. Two
factors were significant in causing declining climatic conditions and
taxonomic decimation. One was the global fall in temperature after
the Terminal Eocene Event. The other factor was the increase in du-
ration of winter darkness and increasingly severe conditions as the
latitude progressively increased.

In the upper Miocene part of the section up to Core 151-908 A-
19X, all of the pollen taxa present in the Oligocene section continue

to be present. This suggests that the vegetational source was funda-
mentally similar, although at the unconformity we are missing evi-
dence from a period of about 15 to 18 m.y. There is also no evidence
of much fluctuation in the proportions of the taxonomic constituents.

It is clear that through the Tertiary, plant evolution and diversifi-
cation were most active in the tropics and inactive in the high Arctic
(Schneider and Kay, 1994). This suggests that there was minimal
plant migration at very high latitudes, the Brito-Arctic Igneous Prov-
ince, the Greenland-Scotland Ridge (Fig. 1), and the Bering bridge
being the most northerly routes. In this isolation, with low light lev-
els, the high Arctic would have served as a stagnant genetic pool with
little evolutionary activity. Although for four months each year light
was available throughout each day, it was only sparse, and for four
other months it was not available at all during the winter. So despite
environmental change, such as sea-level fluctuations and coastal dis-
placement, evolutionary change is not apparent in this 74°-77° Arc-
tic location from the upper Paleocene to the upper Miocene.

Quite a different situation occurred within about the next 10° of
paleolatitude farther south during the same 40-m.y. interval. Rela-
tively diverse mixed forest, with significant diversity and numbers of
angiosperm taxa, is reported from Alaska (Wolfe, 1977), Yukon,
Saskatchewan (Mclver and Basinger, 1993), offshore Labrador (de
Vernal and Mudie, 1989), the Brito-Arctic Igneous Province (Boulter
and Kvacek, 1989; Boulter and Manum, 1989), western Russia
(Budhantsev, 1992), and Kamchatka (Lavrenko and Fotyanova,
1994). Throughout the Paleogene, the patterns of vegetation in these
areas were changing as the result of migration and evolution, unlike
the situation to the north.
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Figure 6. Stratigraphic summary of Hole 908A (biostratigraphy from

Poulsen et al., this volume).

294



OLIGOCENE AND MIOCENE VEGETATION, HOVGAARD RIDGE

Triletes and bisaccates

10 20 30
150

Q .

175 - •

2 0 0 -

225 -

250 -–

275 -–

300 -–

325 -–

350

40

—f—

50 60

-

Tsugae- Inaperturo-
pollenites pollenites

70 80 90 100 % 0 10% 0 10%

H 1 1

Angbsperm
pollen

0 10 %

Triletes Bisaccates

hiatus

Figure 7. Relative frequencies of main pollen and spore categories in the middle Oligocene and lower upper Miocene of Hole 908A.
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Figure 8. Spitsbergen's drift through time from 53 Ma or the Paleocene/Eocene boundary. The movement is shown by the line drawn through the island of
Hopen. From global plate model by Coffin et al. (1992).
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