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Abstract

Fifty-seven samples taken from ten piston cores collected along a transect off the continental margin of the Northern Basin, Ross Sea,
Antarctica were analyzed for palynomorphs. Moderately diverse assemblages of marine microplankton and terrestrial palynomorphs were
recovered. The palynomorph assemblages have been subdivided into two main groups: the in-situ flora (including acritarchs, dinoflagellate
cysts, leiospheres and prasinophyte algae mainly composed of cymatiosphaerids), and the reworked flora (including dinoflagellate cysts,
pollen and spores). The leiospheres are the most abundant palynomorphs. This prominence in the relative abundance of leiospheres has
been reported as typical of assemblages found today at the limit between seasonal and pack ice in the Arctic. In-situ dinoflagellate cysts
are sparse. They are mainly represented by Lejeunecysta, which, based on species similarities to those from Cape Roberts, are believed
to be of Oligocene to Pliocene age. All other dinoflagellate cysts recovered are the result of reworking from Eocene to Oligocene sediments.
Reworked spores and pollen comprise the second most abundant group. They are of moderate diversity and include an Eocene or older
assemblage of Nothofagidites, Podocarpaceae and Proteaceae. Other taxa are representative of warmer rainforest vegetation, with
Oligocene and Neogene taxa that include representatives of woodland to herbaceous/low shrubby tundra vegetation growing in colder
subpolar climates. These assemblages indicate either different periods of deposition or reworking from diverse sources.

Through seismic correlation and diatom analysis, the sediments are believed to be Late Pliocene in age. On this basis, it is postulated
that the major glacial advance, RSU 2 of Brancolini et al. (1995) or Unconformity 10 (U10) of Bart et al. (2000), occurred before 2.3 Ma,
which is the oldest age of in-situ species recovered in units above U10. As both terrestrial and marine reworked taxa include assemblages
of Eocene to Oligocene age, it is assumed that those reworked components were yielded from a single source; most probably Eocene to
Oligocene shallow marine strata eroded and transported from the area of Ross Island to the shelf margin through ice streams located in the
Drygalsky and Joides basins.
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INTRODUCTION

Although it is generally agreed that important changes to
the global climate system in the Late Miocene were influ-

enced by the evolution of the Antarctic cryosphere, the
exact relationships to paleoenvironmental conditions on
the margins of the Antarctic have yet to be confirmed. To
understand whether these changes were driven by the
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evolution of ice sheets or vice versa, the paleoenvironmen-
tal conditions on the Antarctic continental margin need to
be analyzed in detail. The main target of this study was to
evaluate the Late Miocene to Pliocene paleoenvironmental
history of the Ross Sea Northern Basin using palynological
analysis of sediments recovered from past cruises in this
region. Although Upper Miocene successions were not
recovered on the outer shelf at any of the Deep Sea Drilling
Program (DSDP) Leg 28 sites, seismic correlation to these
DSDP sites indicated that a thick section overlying the
lowermost Middle Miocene sampled at site 273 (< 14.8
Ma) and underlying the Lower Pliocene sampled at site 271
is located on the northwestern Ross Sea outer continental
shelf (Bart et al., 2000). If this hypothesis is correct, Upper
Miocene to Pliocene strata associated with a major glacial
advance to the shelf edge should be exposed in a broad area
of the outer continental shelf and upper slope of the North-
ern Basin.

On the basis of this hypothesis, we conducted a detailed
palynological analysis of cores located along a transect
across this putative Upper Neogene section in the Mawson-
Bank area (Text-Figure 1). The piston cores were ac-
quired during the NBP03-01A cruise. The drill sites are
located on the Ross Sea outer continental shelf, thus
palynological study of these sections should provide a
record of paleoenvironmental conditions during glacial/
interglacial cycles that affected the outer shelf. If the ice-
sheets were grounded at the shelf edge in the Late Mi-
ocene during full-bodied (i.e. shelf-edge) glacial advances,
the inner shelf was probably a site of non-deposition and/
or subglacial erosion. By analyzing shelf edge deposits,
our main goals were to:

a) Characterize the Ross Sea paleoclimate and marine
paleoenvironmental conditions that prevailed at the
time of sediment deposition, during this inferred ?Late
Miocene to Early Pliocene maximum glacial advance.

b) Build on the Antarctic dinoflagellate cyst biostratig-
raphy generated from the Cape Roberts Project (Wrenn
et al., 2001). Thus far, this biostratigraphy covers much
of the Late Cenozoic, except for a gap in the Middle to
Late Miocene.

c) Provide an age estimate for a major Antarctic uncon-
formity, RSU 2 of Brancolini et al. (1995) or Uncon-
formity 10 (U10) of Bart et al. (2000) observed on
numerous seismic profiles of the Ross Sea Northern
Basin. This unconformity represents a grounding event
that Brancolini et al. (1995) believed to be the first sign
of the full development of the West Antarctic Ice
Sheet.

Material Studied

Antarctic Miocene sections are rare, and most will not
be accessible until programs such as ANDRILL or
SHALDRIL allow access to buried in-situ successions.
By contrast, this study analyzed a section outcropping at
the seafloor and hence readily accessible with piston core
technology. On the basis of over 3700 km of intermediate-
resolution seismic data from the Northern Basin corre-
lated to DSDP site 273, Bart et al. (2000) proposed that an
?Upper Miocene succession underlies U10 (Text-Figures
1, 2).

Seismic profiles show that this unit extends onto the
outer shelf of the Northern Basin and upper slope, and
exists as a thick unit on the outer continental shelf in the
Mawson Bank and Joides Basin. Seismic data from North-
ern Basin correlated to DSDP diatom-based age control at
Site 273 (Savage and Ciesielski, 1983) suggest that a
relatively thick Upper Miocene to Pliocene succession
underlies U10 on the outer shelf and upper slope (Text-
Figure 2). These seismically-defined units were deposited
during a major glacial advance to the shelf edge. Because
subsequent glacial advances were not as extensive, the
?Upper Miocene glacial sediments are exposed in a broad
area on the outer flank of Mawson Bank. The fact that this
unit has not been recovered by previous drilling cam-
paigns, such as the Cape Roberts Project, is because
Cenozoic deposits on the inner shelf have been deeply
eroded over many places. This is corroborated by the
report of a thick unstudied succession, located below the
lowermost Lower Pliocene sampled by DSDP 271 (Text-
Figure 1) and above the uppermost Middle Miocene
sampled by DSDP 272 (Hayes and Frakes, 1975). This
section is coeval with the ?Middle to Upper Miocene
section mapped under U10 (Bart et al., 2000). The seismic
correlation to the DSDP sites only requires that the strata
below U10 (Text-Figure 2) were deposited after 14.8 Ma
and before the last glacial maximum. There is a margin for
stratigraphic error, but because the U10 grounding event
represents such a major expansion of the ice-sheet on the

→

Text-Figure 1. Location maps. a) The location of the area
studied in Antarctica (see insert). The light-gray lines
represent ice flow locations from the continent to the
Ross Sea. b) Insert showing the locations of the Drygalsky
and Joides basins. The areas marked in black on the
continent represent ice-free outcrops. c) Location map of
the NBP0301A cores. The area mapped in light gray is a
composite isopach map of units 1–9 (see Text-Figure 2
for details) above Unconformity 10 (modified after Bart
et al., 2000).
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continental shelf, it is important to refine its age control to
more effectively date seismic units, and to improve the
understanding of Ross Sea glacial history.

The area studied is located around the ?Upper Miocene
outcrop, between latitude 73° S and 71° S and longitude
172° E and 179° E. The ten cores were selected for their
potential content of Upper Miocene to Lower Pliocene
sediments, or sediments eroded from the equivalent out-
crop. The cores selected are NBP03-01A PC-1 to PC-8

inclusive, and NBP03-01A JPC-9 and JPC-10 (Text-Fig-
ure 1). A sample was taken approximately every 40 cm
from each core; a total of 57 samples were collected,
processed and studied.

LABORATORY PROCESSING AND COUNTING

All 57 samples from the ten NBP03-01A sites were
processed at the CENEX laboratory at Louisiana State

Text-Figure 2. Line drawing interpretations from seismic profiles in the Northern
Basin. The seismic profile locations for each profile (tracks for seismic profiles
2a, 2b and 2c) are indicated on Text-Figure 1c (after Bart et al., 2000). Unit
thickness: 1 second = 750 m.

1, 2 Vozzhennikovia apertura, core NBP-03-01A/JPC-9/
379 cm, coordinate 138.8x9.

3, 4 Phthanoperidinium filigranum, core NBP-03-01A/JPC-
9/341 cm, coordinate 140.8x9.1.

5 Vozzhennikovia cf. rotundum, core NBP-03-01A/PC-
3/100 cm, coordinate 149.6x18.4.

6 Vozzhennikovia cf. netrona, core NBP-03-01A/PC-3/
62 cm, coordinate 153x7.6.

7 Vozzhennikovia apertura, core NBP-03-01A/JPC-9/
502 cm, coordinate 123x11.8.

8, 9 Spinidinium macmurdoensis, core NBP-03-01A/JPC-
9/379 cm, coordinate 117.3x23.8.

PLATE 1

Light photomicrographs of selected dinoflagellate cysts. Author citations and bibliographic details can be found in Fensome and
Williams (2004). All specimens are at the same magnification; scale bar = 20 µm.



S. Warny, J.H. Wrenn, P.J. Bart, and R. Askin: Late Pliocene palynology, Northern Basin, Western Ross Sea, Antarctica 5Plate 1



6 PALYNOLOGY, VOLUME 30 — 2006

University. Ten grams of dried sample were weighed and
spiked with a known quantity of Lycopodium spores to
allow calculation of the palynomorph concentration. Di-
gestion of clasts and cements in cold hydrochloric acid and
cold hydrofluoric acid was then performed to remove
carbonates and silicates respectively. Next, the palynomor-
phs were concentrated by heavy liquid separation using
sodium polytungstate, and/or filtration on a 10 µm mesh
sieve to remove fine debris. After the preparation of micro-
scope slides, palynomorphs were counted to provide age
and paleoenvironmental determinations. Where possible,
150 grains were counted per slide. When the yield was low,
a second slide was analyzed. All the key taxa were photo-
graphed.

Palynomorph Assemblages and Their Significance

Of the 10 cores and 57 samples studied, only samples
from four cores yielded palynomorphs. These samples are
from cores PC-3, PC-8, JPC-9 and JPC-10. All samples
were poor in palynomorphs, and only 19 samples out of 57
processed produced sufficient palynomorphs to allow
further analysis of the results. Only these results are
presented here. The greatest abundance occurred in cores
PC-3 and JPC-9. Text-Figures 3, 4, 5 and 6 present
detailed lithologic descriptions of the cores discussed
here, and the relationship between lithology and sample
location. All the cores are composed of a variety of poorly
consolidated clays, diamictites, sands and silts. The main

Text-Figure 3. Location of samples from core NBP0301A PC-3 and relationship to the detailed core description. Magnetic
susceptibility and bulk density values, photographs and lithologic description are courtesy of Matthew Curren, Antarctic Research
Facility, Florida State University, Tallahassee, Florida, U.S.A.
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Text-Figure 4. Location of samples from core NBP0301A PC-8 and relationship to the detailed core description. Magnetic
susceptibility and bulk density values, photographs and lithologic description are courtesy of Matthew Curren, Antarctic Research
Facility, Florida State University, Tallahassee, Florida, U.S.A.
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Text-Figure 5. Location of samples from core NBP0301A JPC-9 and relationship to the detailed core description. Magnetic
susceptibility and bulk density values, photographs and lithologic description are courtesy of Matthew Curren, Antarctic Research
Facility, Florida State University, Tallahassee, Florida, U.S.A.
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Text-Figure 6. Location of samples from core NBP0301A JPC-10 and relationship to the detailed core description. Magnetic
susceptibility and bulk density values, photographs and lithologic description are courtesy of Matthew Curren, Antarctic Research
Facility, Florida State University, Tallahassee, Florida, U.S.A.
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Possibly in situ  dinoflagellate cysts and 

acritarchs

Reworked pollen and spores

Lejeunecysta  cowiei Apiaceae

Lejeunecysta   sp. 1 Hannah et al. (CRP) ?Asteraceae (possible modern contaminant)

Lejeunecysta  cf. sp. 1 and 5 (CRP) Coptospora spp.

Pyxidinopsis  sp. Cunoniaceae/Elaeocarpaceae

Cyathidites minor

Possibly in situ  Leiospheres Cyathidites sp.

Leiosphaeridia  sp. 1 (CRP) ?Ilexpollenites  sp.

Leiosphaeridia  sp. 2 (CRP) Laevigatosporites ovatus

Leiosphaeridia  sp. of Kemp, 1975 Malvaceae

Leiosphaeridia  spp. Marchiantaceae

Microalatidites paleogenicus

Possibly in situ  Prasinophytes Microcachryidites antarcticus

Cymatiosphaera  sp. 1 Hannah et al. (CRP) Milfordia sp.

Cymatiosphaera  spp. Myricipites harrisii

Tasmanites spp. Myrtaceidites parvus

Nothofagidites flemingii

Reworked dinoflagellate cysts and Nothofagidites lachlaniae

Deflandrea antarctica Nothofagidites sp. (brassii gp), ?dorotensis

Enneadocysta partridgei Nothofagidites sp. (fusca gp)

Turbiosphaera filosa Nothofagidites sp. cf. N. flemingii

Vozzhennikovia apertura Osmundacidites sp.

Spinidinium mcmurdoensis Peninsulapollis askiniae

cf. Paucisphaeridium inversibuccium Peninsulapollis ?truswelliae

Operculodinium bergmannii Podocarpidites spp.

Cleitosphaeridium sp. Proteacidites parvus

Micrhystridium  sp. 1 Hannah 2005 Proteacidites subscabratus

Restionaceae

Possibly in situ  pollen and spores ?Spinizonocolpites sp.

Coptospora spp. Stereisporites antiquasporites

Marchiantaceae Trichotomosulcites subgranulatus

Nothofagus lachlaniae Tricolpites asperamarginis

Podocarpidites sp. Tricolpites reticulatus

Tricolpites sp. Tricolpites spp.

Various indeterminate angiosperm pollen

Table 1. Summary of the main palynomorphs recovered from the area studied.

1 Enneadocysta partridgei, core NBP-03-01A/PC-3/100
cm, coordinate 151x17.5.

2–4 cf. Paucisphaeridium inversibuccum, core NBP-03-
01A/JPC-9/502 cm, coordinate 118.8x7.2.

5, 6 ?Operculodinium bergmannii, core NBP-03-01A/JPC-
9/421 cm, coordinate 119.5x18.

7, 8 Turbiosphaera filosa, core NBP-03-01A/PC-3/62 cm,
coordinate 117.8x15.3.

PLATE 2

Light photomicrographs of selected dinoflagellate cysts. Author citations and bibliographic details can be found in Fensome and
Williams (2004). All specimens are at the same magnification; scale bar = 20 µm.

difficulty for interpretation of these palynological data is
the low abundance of palynomorphs recovered, making
statistical or any form of precise quantitative, analysis
meaningless. In addition to the low abundances, the sec-
ond problem with the analysis is that reworked palyno-

morphs from older sediments (possibly pre-Eocene,
Eocene, Oligocene and Miocene) form a significant pro-
portion of the assemblages. As a consequence, interpreta-
tions mainly focus on qualitative aspects and the nature of
palynomorph groups present.
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Both reworked and in-situ, marine and terrestrial palyno-
morphs were recovered from the NBP03-01A cores. Table 1
lists the main taxa identified in this study; most taxa are
illustrated in Plates 1 to 10. The assemblages include di-
noflagellate cysts and the prasinophyte algae Cymatiosphaera,
but they are dominated by in-situ leiospheres and glacially-
derived reworked terrestrial palynomorphs. For qualitative
analysis, the taxa have been organized in five main catego-
ries, grouped as follows (see Text-Figure 7 for summary).

In-situ Dinoflagellate Cysts and Acritarchs

Only a few specimens of dinoflagellate cysts recovered
are thought to be in-situ. Because most dinoflagellate cysts
were reworked, and because recovery was low, in-depth
paleoenvironmental characterization would be specula-
tive, hence this discussion is limited to basic observations.
The most common forms are Lejeunecysta, and are similar
to Lejeunecysta sp. 1 of Hannah et al. (2000) from the Cape
Roberts Project cores. A few specimens of the acritarch
Micrhystridium occur in some samples, and are similar to
Micrhystridium sp. 1 of Hannah et al. (1998) described
from Cape Roberts Project borehole CRP-1, where they
were considered to be in-situ. The most significant in-situ
forms recovered are Lejeunecysta cowiei, Lejeunecysta sp.
1 of Hannah et al. (2000), Lejeunecysta cf. sp. 5 of Hannah
et al. (2000), and Pyxidinopsis sp. Some of these species are
dark and could be classified as older strictly on the basis of
thermal maturation. However, Mudie (1992) reported that
dark colored dinoflagellate cysts are common in cold
waters such as in the Arctic today, and inferred that the dark
coloring was therefore not the result of thermal maturation.
The rare in-situ dinoflagellate cysts found are considered to
be heterotrophs (de Vernal et al., 1992; Marret and de
Vernal, 1997). They probably lived near the sea-ice limit,
where they thrived on pulses of food supplies provided by
sea-ice melting episodes and the associated release of sea-
ice communities. Higher relative abundances of het-
erotrophic dinoflagellate cysts were also reported by Harland
et al. (1998) in the Weddell Sea south of 60° latitude; this

is commonly reported as the modern maximum limit of
annual sea-ice. The presence of Lejeunecysta could also
represent an environment with weak light, in conditions
similar to those found under the seasonal sea-ice cover (L.
Londeix, personal communication), and that modern
Lejeunecysta specimens support slightly lower than nor-
mal salinities (Pospelova et al., 2002).

Leiospheres

These light-colored spheres of various size and wall
thickness are believed to be in-situ, and are the dominant
palynomorph found in this study. They are commonly
associated with prasinophytes (Guy-Ohlson, 1996; Hannah
et al., 1998), and classified as sphaeromorph acritarchs
(Hannah, 2006). Because their morphological simplicity
does not allow conclusive assignation to either the
prasinophytes or the acritarchs, they are included here as an
individual group.

Prasinophyte Algae

Well-preserved prasinophyte phycoma of Cymatio-
sphaera spp. are the second most common in-situ marine
palynomorph group recovered in this study, after the
leiospheres. The most common form is Cymatiosphaera
sp. 1 of Hannah et al. (1998), found in abundance in Cape
Roberts Project core CRP-1.

Reworked Dinoflagellate Cysts and Acritarchs

Although it is often difficult with Antarctic sediments to
positively differentiate between in-situ and reworked ma-
terial (Wilson, 1968), we believe that the majority of the
dinoflagellate cysts recovered from this study are reworked,
mainly from Eocene and Oligocene strata. All are common
in Southern high latitudes and typical of the Transantarctic
flora (Text-Figure 8). The main species of reworked marine
palynomorphs present are the dinoflagellate cysts
Cleistosphaeridium sp., Deflandrea antarctica,

1, 2 Lejeunecysta sp., core NBP-03-01A/JPC-9/379 cm,
coordinate 125x16.

3, 4 Lejeunecysta cf. sp. 1 and 5 of CRP, core NBP-03-01A/
JPC-9/502 cm, coordinate 125.2x10.3.

5–7 Lejeunecysta sp., core NBP-03-01A/JPC-10/290 cm,
coordinate 125x9.

PLATE 3

Light photomicrographs of selected dinoflagellate cysts and prasinophytes. All specimens are at the same magnification; scale bar
= 20 µm.

8–10 Tasmanites sp., core NBP-03-01A/JPC-9/421 cm, co-
ordinate 140.6x17.

11, 12 Tasmanites sp., core NBP-03-01A/JPC-9/379 cm, co-
ordinate 123.3x14.1.
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Enneadocysta partridgei, Operculodinium bergmannii, cf.
Paucisphaeridium inversibuccium, Spinidinium
macmurdoensis, Turbiosphaera filosa and Vozzhennikovia
apertura, and the acritarch Micrhystridium sp. 1 of Hannah
(2006).

Reworked and Possible in-situ
Terrestrial Spores and Pollen

Terrestrially-derived forms are the second most abun-
dant palynomorph group recovered from the samples
studied. This group is mainly composed of a variety of
Nothofagus and podocarp conifer species. Their relative
abundances vary from core to core, with higher relative
abundances near the core tops. This pattern reinforces the
fact that there is not a simple relationship between cli-
matic cooling (younger sediments) and the decrease in
vegetation, therefore also spores and pollen. It probably
represents the increase in reworking activity associated
with glacially-derived sediment through glacial intensifi-
cation and the subsequent increase in ice-stream drainage.
In all the samples studied, the relatively high percentages
of reworked terrestrial palynomorphs are in the cores
located within the axis of an ice-drainage system. In
addition, Nothofagus–podocarp–Proteaceae assemblages
are dominant in samples where higher percentages of
reworked Eocene to Oligocene dinoflagellate cysts were
found, indicating that these pollen represent relics of
forests that grew in the vicinity of the Ross Sea Basin in
warmer Eocene times.

Because of the low abundances, and the uncertain
ranges of most of the taxa, it is too speculative to differ-
entiate between purely reworked and in-situ terrestrial
palynomorphs for the type of glaciomarine sediments
studied. Many of the spores and pollen encountered may

be of similar age to the reworked dinoflagellate cysts.
Probably the marine and terrestrial palynomorphs were
reworked from a single source. Much of the terrestrial
assemblage, however, including many of the dominant
Nothofagidites and Podocarpidites pollen, could be re-
worked from younger Oligocene and Neogene sources.
Therefore, although five of the forty-six taxa could be
either reworked or in-situ (Table 1), all the terrestrial
palynomorphs were grouped together in the relative abun-
dance counts (Text-Figure 7).

Palynostratigraphy

Interest in drilling Antarctic shelf deposits is currently
high (e.g., the ANDRILL and SHALDRIL drilling pro-
grams) and the establishment of strong multidisciplinary
age control is critical. Before the Cape Roberts Project, it
was thought that in-situ post-Oligocene dinoflagellate cysts
were not present in Antarctica (McMinn, 1995). The rea-
soning was that the deep continental shelf was considered
to be unfavorable for neritic dinoflagellates and that the
increased thermal and geographic isolation of the continent
prevented the poleward migration of cyst-producing forms.
The discovery of 36 in-situ Antarctic dinoflagellate cyst
species by Wrenn et al. (1998) has changed our understand-
ing of the Antarctic dinoflagellate cyst record. The Cape
Roberts assemblage is the first one of its kind that can be
used for future Antarctic biostratigraphic studies. A di-
noflagellate cyst zonation covering the Early Oligocene to
Early Miocene and Quaternary has been proposed (Text-
Figure 9, after Wrenn et al., 2001).

The main forms of in-situ marine microplankton recov-
ered from this study, believed to be equivalent to those found
in the Cape Roberts Project cores, are Leiosphaeridia spp.
and Lejeunecysta spp. From species comparisons, the young-

1, 2 Leiosphaeridia sp. of Kemp 1975 (also Dichotisphaera
sp. of Levy and Harwood, 2000), core NBP-03-01A/
JPC-9/421 cm, coordinate 120x5.6.

3 Leiosphaeridia sp. of Kemp 1975 (also Dichotisphaera
sp. of Levy and Harwood, 2000), core NBP-03-01A/
JPC-9/421 cm, coordinate 140.8x7.6.

4, 5 Leiosphaeridia sp. of Kemp 1975 (also Dichotisphaera
sp. of Levy and Harwood, 2000), core NBP-03-01A/
JPC-9/421 cm, coordinate 142x8.2.

6, 7 Leiosphaeridia sp. 1 of CRP, core NBP-03-01A/JPC-9/
421 cm, coordinate 139.3x4.8.

PLATE 4

Light photomicrographs of selected leiospheres and prasinophytes. All specimens are at the same magnification; scale bar = 20 µm.

8, 9 Leiosphaeridia sp. 1 of CRP, core NBP-03-01A/JPC-9/
341 cm, coordinate 121x5.4.

10–12 Leiosphaeridia sp. 2 of CRP, core NBP-03-01A/JPC-9/
421 cm, coordinate 124.4x16.2.

13–15 Leiosphaeridia sp. 2 of CRP, core NBP-03-01A/JPC-9/
341 cm, coordinate 116.4x6.4.

16–18 Leiosphaeridia sp. 1, core NBP-03-01A/JPC-9/341
cm, coordinate 120.5x5.7.

19–21 Cymatiosphaera, core NBP-03-01A/JPC9/421 cm, co-
ordinate 112.5x7.3.

22–24 Cymatiosphaera, core NBP-03-01A/PC-3/3 cm, coor-
dinate 133.5x9.5.
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Text-Figure 7. Summary of the main palynomorph group distribution and relation to sample depth and core location. Piston cores PC-
3, PC-8, JPC-9 and JPC-10 are the main cores that yielded palynomorphs. Each vertical increment represents 10% of relative
abundance.
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Text-Figure 8. Stratigraphic ranges of the main marine palynomorphs recovered from sediments studied; ages are in Ma.

est dinoflagellate cysts recovered might be Oligocene, pos-
sibly Miocene. One of the Lejeunecysta species recovered,
Lejeunecysta fallax, was found in the Cape Melville Forma-
tion of King George Island, Antarctic Peninsula (Troedson
and Riding, 2002) and in the Victoria Land Basin (Wrenn et
al., 1998), indicating an age no younger than Mid Miocene.
Because it was not possible to narrow the stratigraphic range
of the section based on these forms, a diatom analysis was
performed on 6 samples from cores PC-1, PC-2 and PC-3 to
help refine the age of this section (see Text-Figure 10 for core
location with respect to U10). The sediment from this core
was extremely diatomaceous. The species are almost cer-
tainly in-situ. The age of the horizons studied is believed to
be Late Pliocene, with an age ranging from ca. 2.3 Ma to 1.9
Ma (Reed Scherer, personal communication). Occasional
older reworked diatoms were also present. The main diatom

species recovered were Fragilariopsis barronii,
Fragilariopsis curta, Rouxia antarctica, Thalassiosira
elliptipora, Thalassiosira inura, Thalassiosira oestrupii and
Thalassiosira vulnifica (Table 2).

It was initially postulated that the section was deposited
between 14.8 and 1.81 Ma. If the preliminary diatom analysis
is correct, the age of the section must be younger than 2.3 Ma,
because the samples analyzed for diatoms are believed to be
immediately above U10. Indeed, the depth of the piston cores
did not exceed 3.6 m and therefore probably did not extend
into the unit below U10. The diatom age implies that the
sediment overlying U10 (Bart et al., 2000) must have been
deposited during the Late Pliocene, at around 2.3 Ma. This
means that this full major glacial advance into the Ross Sea
shelf edge would have taken place within the Pliocene, with
retreat starting around 2.3 Ma.
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DISCUSSION AND INTERPRETATION

Reasons for the Low Palynomorph Abundances

Diversity and abundances are lower than reported from
more inner neritic areas of the Ross Sea (e.g. the Cape

Text-Figure 9. Early Oligocene to Early Miocene and Quaternary dinoflagellate cyst zonation proposed by Wrenn et al. (2001) based
on the analysis of sediments recovered from Cape Roberts Cores CRP-1 to CRP-3.

1 Foraminifer lining, core NBP-03-01A/PC-3/62 cm,
coordinate 152x10.

2 Foraminifer lining, core NBP-03-01A/PC-3/100 cm,
coordinate 152x13.5.

3 Foraminifer lining, core NBP-03-01A/PC-3/62 cm,
coordinate 136x6.

PLATE 5

Light photomicrographs of selected foraminifer linings. All specimens are at the same magnification, scale bar = 20 µm.

4 Foraminifer lining, core NBP-03-01A/PC-3/62 cm,
coordinate 142x7.7.

5 Foraminifer lining, core NBP-03-01A/PC-3/62 cm,
coordinate 151.2x21.2.

Roberts Project: Hannah et al., 1998; Wrenn et al., 1998;
2001). They are consistent, however, with reports from
Late Neogene high latitude successions, especially those
above 60 degrees latitude, a latitude that acts today as a
boundary as far as dinoflagellate cyst abundances are
concerned (e.g. Marret and de Vernal, 1997; Harland et al.,
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1998). Many factors may be responsible. For example the
effect of prolonged exposure to oxygen and the consequent
oxidation of organic-walled dinoflagellate cysts in the
oxygen-rich Antarctic waters (Wrenn et al., 1998). Ex-
treme dilution under rapid sediment deposition is another
factor that is possible, as mentioned by Harland et al.
(1998), describing a major difference in the number of
dinoflagellate cysts recovered from sediment traps placed
in the water column, as opposed to those found in surface
sediment samples below these water column traps. In the
case of this study, most palynomorphs recovered are not in-
situ, but rather, derived from the erosion of sedimentary

rocks by continental ice sheets or other glacial processes
transporting fossils far from their source, thus dilution is a
factor here. Nevertheless, the main factor responsible for
the patchiness of the distribution is probably the age of the
section. By the Late Pliocene, only sparse periglacial tun-
dra vegetation, if any, might have grown on adjacent land
areas. If ice was grounded at the shelf edge before deposi-
tion, any significant vegetation in post U10 time is highly
unlikely. Indeed, the Mid Pliocene (ca. 3.0 Ma) vegetation
represented by Nothofagidites lachlaniae, and sampled in
DSDP 274 by Fleming and Barron (1996), might have been
the last vestige of land vegetation (apart from lichens) in the

Text-Figure 10. Line drawing interpretations from seismic profiles in the North Basin. The seismic profile locations are indicated on
Text-Figure 1. The locations of piston cores PC-1 to PC-5 are indicated on the seismic profile.

1 Cyathidites minor, core NBP-03-01A/PC-3/62 cm,
coordinate 144x12.9.

2, 3 Cyathidites sp., core NBP-03-01A/JPC-9/502 cm, co-
ordinate 148.9x6.

4 Laevigatosporites ovatus, core NBP-03-01A/PC-3/39
cm, coordinate 131x11.5.

5 Laevigatosporites ovatus, core NBP-03-01A/PC-3/39
cm, coordinate 115.5x7.5.

6 Stereisporites antiquasporites, core NBP-03-01A/JPC-
9/421 cm, coordinate 143.4x9.5.

7 Coptospora sp. cf. C. sp. b of Raine (1998), core NBP-
03-01A/PC-7/161 cm, coordinate 139x10.

8, 9 Coptospora sp., core NBP-03-01A/JPC-10/121 cm,
coordinate 10x123.8.

10 Osmundacidites sp., core NBP-03-01A/JPC-9/341 cm,
coordinate 112.7x15.9.

11, 12 Marchantiaceae, core NBP-03-01A/JPC-9/461 cm,
coordinate 138x12.

PLATE 6

Light photomicrographs of selected trilete and monolete spores. All specimens are at the same magnification; scale bar = 20 µm.
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Ross Sea area. Similarly, by the Late Pliocene, a small
number of endemic Antarctic dinoflagellate cyst species
are known (Wrenn et al., 1998). This explains why far
fewer in-situ dinoflagellate cysts were found in the study
than in the Early Miocene Cape Roberts Project sections.

Age and Paleoenvironmental Implications
of the Terrestrial Palynomorphs

Possible representatives of Neogene tundra vegetation
found this study include, in order of decreasing abun-
dance, Nothofagidites spp. (members of the Nothofagidites
fusca group including Nothofagidites flemingii,
Nothofagidites sp. cf. Nothofagidites flemingii — a smaller
form — and Nothofagidites lachlaniae), podocarpaceous
conifer pollen (Podocarpidites spp.), Tricolpites spp.,
and other rare angiosperm pollen, Coptospora spp. and
Marchantiaceae. These are terrestrial palynomorphs that
characterize Neogene deposits recovered from the CRP-
1 and CRP-2/-2A drillholes in McMurdo Sound (Raine,
1998; Askin and Raine, 2000), and some occur in Neo-

gene Sirius Group deposits (see below). Whereas the CRP
drillholes and Sirius Group occurrences represent part of
the contemporaneous vegetation, most, if not all, of the
specimens of these taxa found here were probably re-
cycled from slightly older Neogene deposits, based on the
Late Pliocene age of the sediments and the inferred glacial
conditions on the nearby land and shelf areas, as discussed
above.

Of particular note is Nothofagidites lachlaniae, the main
Nothofagus pollen species reported from the Sirius Group,
and the dominant Nothofagus species found in the Ross Sea
DSDP 274 Pliocene samples of Fleming and Barron (1996).
It is one of the dominant species in the CRP-1, CRP-2 and
upper CRP-3 core samples. In much of the younger Antarc-
tic Neogene, Nothofagidites lachlaniae was assumed to
represent the sole remaining Nothofagus species of the
tundra vegetation. Along with the pollen, the leaves and
wood of this plant (Nothofagus beardmorensis) from the
Sirius Group deposits at Oliver Bluffs, upper Beardmore
Glacier, and its prostrate habit and paleoenvironment, were
discussed by Hill and Truswell (1993), Francis and Hill

Table 2. Preliminary diatom analysis (Reed Scherer, personal communication).

CRUISE CORE
CORE
TYPE

INTERVAL
:TOP (cm)

INTERVAL
:BOTTOM

(cm)
 VOLUME (g) COMMENTS

NBP-03-01A 1 PC 195 196 5
Reworked

Miocene

NBP-03-01A 2 PC 355 356 5
In situ Late

Pliocene

NBP-03-01A 2 PC 270 271 5
In situ Late

Pliocene

NBP-03-01A 2 PC 78 79 5
Reworked

Miocene

NBP-03-01A 3 PC 90 91 5
Reworked

Miocene

NBP-03-01A 3 PC 70 71 5
In situ  Late 

Pliocene

Diatom analysis - campaign NBP 03 01A

1, 2 Podocarpidites sp., core NBP-03-01A/JPC-9/502 cm,
coordinate 141x17.8.

3, 4 Podocarpidites sp., core NBP-03-01A/JPC-9/502 cm,
coordinate 150x8.

5, 6 Trichotomosulcites subgranulatus, core NBP-03-01A/
JPC-9/341 cm, coordinate 140.9x5.3.

PLATE 7

Light photomicrographs of selected gymnosperm pollen, mainly Podocarpaceous conifers. All specimens are at the same magnifica-
tion; scale bar = 20 µm.

7, 8 Microcachryidites antarcticus, core NBP-03-01A/PC-
3/62 cm, coordinate 152.5x9.6.

9 Microalatidites paleogenicus, core NBP-03-01A/PC-
3/39 cm, coordinate 118x9.

10, 11 Microcachryidites antarcticus, core NBP-03-01A/JPC-
9/379 cm, coordinate 144x9.6.
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(1996) and Hill et al. (1996). This cold hardy southern
beech species is not restricted to the Neogene, but occurs in
Early Eocene (Dannevirke) to Recent in New Zealand
(Pocknall and Mildenhall, 1984).

Other tundra representatives are Coptospora sp. and
Marchantiaceae. The first appearance datum (FAD) for
Marchantiaceae (i.e. liverwort spores) in the CRP drillholes
was at 339.80–339.82 meters below sea floor (mbsf), at the
Early to Late Oligocene transition in CRP-2 (Askin and
Raine, 2000). Several species of Coptospora were recog-
nized in the CRP drillhole assemblages. The specimens in
this study are similar to representatives of Coptospora
illustrated from the CRP drillholes, for example Coptospora.
sp. b, a coarsely verrucate form (Raine, 1998). According
to Raine (1988), the various Coptospora taxa resemble
spores of the moss family Bartramiaceae (Boros et al.,
1993), and are similar to Conostomum illustrated by Bar-
row and Smith (1983) from Holocene peats of South
Georgia.

Although most of the more common pollen specimens
(i.e. Nothofagaceae and Podocarpaceae) may be reworked
from Neogene deposits, some may also be derived from
the Paleogene. Certain spore and pollen taxa have been
eroded from Eocene or older strata. These include podocarp
pollen species such as Microalatidites paleogenicus,
Microcachryidites antarcticus and Trichotomosulcites
subgranulatus, along with Myricipites harrisii and
Nothofagidites sp. (brassii group), which are believed to
have not survived the Late Eocene cooling event in the
Ross Sea area of Antarctica (Raine and Askin, 2001).
Other probable Eocene or older pollen are Peninsulapollis
askiniae, Peninsulapollis ?truswelliae, Proteacidites

parvus, Proteacidites subscabratus, Tricolpites
asperamarginis and Tricolpites reticulatus (Gunneraceae).
These are all taxa that represent warmer Eocene temperate
rainforest vegetation (Askin, 1992; 2000). Recycled taxa
that may be derived from Paleogene or younger sedi-
ments, include Apiaceae, Cunoniaceae/Elaeocarpaceae,
Malvaceae, Myrtaceidites parvus, Restionaceae, and the
sphagnum moss spores Stereisporites antiquasporites.

Provenance of the Reworked Palynomorphs

The results are consistent with Truswell and Drewry
(1984), who analyzed the distribution of recycled
palynomoprhs in surficial sediments of the Ross Sea. In
their study, they reported low abundances in surface sedi-
ments from the Pennell and Mawson Bank area. Their
observed pattern of palynomorph distribution reflected
provenance from an area immediately west of Ross Island,
on 170° E of longitude. Truswell and Drewry (1984)
concluded that these reworked palynomorphs were trans-
ported through successive ice-drainage phases during sub-
sequent ice-sheet expansions. Although the Pennell Bank
area corresponds to the boundary between the East and
West Antarctic sedimentary regimes, from the surface
distribution, it appears that most reworked palynomorphs
came from expansion of the East Antarctic Ice Sheet,
discharging into the southern part of the Ross Ice Shelf and
along the Transantarctic Mountains. From the results of
Truswell and Drewry (1984), it appears that bottom cur-
rents have little effect on the distribution of palynomorphs
following deposition. It is interesting to note that among the
cores analyzed in this study, the only ones that yielded

1, 2 Nothofagidites lachlaniae, core NBP-03-01A/JPC-9/
461 cm, coordinate 139x15.

3 Nothofagidites lachlaniae, core NBP-03-01A/PC-3/62
cm, coordinate 127.8x11.5.

4, 5 Nothofagidites lachlaniae, core NBP-03-01A/JPC-9/
502 cm, coordinate 147x6.4.

6 Nothofagidites lachlaniae, core NBP-03-01A/PC-3/39
cm, coordinate 119x13.5.

7 Nothofagidites lachlaniae, core NBP-03-01A/PC-3/
100 cm, coordinate 141.6x11.4.

8 Nothofagidites cf. flemingii, core NBP-03-01A/JPC-9/
379 cm, coordinate 143.5x11.5.

9 Nothofagidites flemingii, core NBP-03-01A/JPC-9/379
cm, coordinate 148.6x17.3.

10 Nothofagidites flemingii, core NBP-03-01A/JPC-9/421
cm, coordinate 121.4x18.

11 Nothofagidites flemingii, core NBP-03-01A/PC-3/62
cm, coordinate 119.8x15.3.

12, 13 Nothofagidites sp. (fusca gp.), core NBP-03-01A/PC-
3/62 cm, coordinate 119.8x15.5.

14, 15 Nothofagidites sp. (fusca gp), core NBP-03-01A/JPC-
9/341 cm, coordinate 122x16.

16 Nothofagidites sp. (fusca gp), core NBP-03-01A/JPC-
9/461 cm, coordinate 138x5.

17 Nothofagidites sp. (fusca gp), core NBP-03-01A/JPC-
9/461 cm, coordinate 151x12.

18 Nothofagidites sp. (brassii gp) ?dorotensis, core NBP-
03-01A/JPC-9/421 cm, coordinate 144.5x18.7.

19–21 ?Nothofagidites sp., core NBP-03-01A/JPC-9/502 cm,
coordinate 115x11.

PLATE 8

Light photomicrographs of selected angiosperm pollen (Nothofagidites). All specimens are at the same magnification; scale bar = 20
µm.



S. Warny, J.H. Wrenn, P.J. Bart, and R. Askin: Late Pliocene palynology, Northern Basin, Western Ross Sea, Antarctica 25Plate 8



26 PALYNOLOGY, VOLUME 30 — 2006

sufficient palynomorphs are in the path of two paleo ice-
sheet straits, implying the input of reworked glaciomarine
sediments in areas sampled by core PC-3 for the Drygalsky
Basin, and PC-8, JPC-9 and JPC-10 for the Joides Basin as
mapped by Bart et al. (2000). These two drainage basins
were probably the main source for glacially-derived re-
worked sediments, allowing concentrations of reworked
microfossils at their heads along the continental rise.

Evaluation of Sea-ice Extent

Although the piston cores covered a limited time interval
(maximum length of 5 m into units 3 and 10) and therefore
a limited window on paleoclimatic evolution, some inter-
esting trends were found. In some instances, paleoenviron-
mental data were inferred based on the comparison be-
tween species distribution in the area studied and similar
species found in ODP Site 1165 in Prydz Bay, East Antarc-
tica (Hannah, 2006). For instance, based on the results of
Hannah (2006), it was inferred that samples with low
percentages of reworked terrestrial miospores and high
percentages of leiospheres (for example the bottom part of
PC-3, the upper part of JPC-9 and two sections in JPC-10)
are thought to represent a period of low glacial flow and
retreat of the ice shelf in response to an overall climatic
amelioration. This period had more sporadic ice distribu-
tion with seasonal ice alternating with pack ice, much like
today. The best modern analogue of this type of assemblage
is based on marine palynomorph assemblages observed in
modern Arctic and North Atlantic environments, as shown
by data published by de Vernal et al. (1992), Edwards
(1992) and Mudie (1992). In her study of northern East
Greenland, Mudie (1992) mapped the distribution of mod-

ern palynomorphs against known surface water parameters
such as ice cover, salinity and sea-surface temperature
(Text-Figure 11). She noted that leiospheres are the most
abundant component of the Arctic assemblages across the
Beaufort Sea in summer, especially at the contact margin
between pack ice and seasonal ice. She also noted that
Cymatiosphaera are abundant in the normal to low salinity,
nutrient-rich Arctic waters such as those that upwell off
northeast Greenland. Cymatiosphaera was also extremely
abundant and widespread in Pliocene sediments of the
northern North Atlantic and Arctic seas (Mudie, 1986;
1989; Piasecki, 2003). However, the paleoecological sig-
nificance of the Cymatiosphaera abundance peak is diffi-
cult to assess due to the limited knowledge of its biotic
affinities. Despite these uncertainties, it is postulated that
the assemblages sampled in PC-3, JPC-9 and JPC-10 are
similar to those found today in Arctic Ocean sediments
deposited under nutrient-rich, cold waters, of normal to low
salinity, often at the limit between pack and seasonal sea-
ice. Similar dominance in leiospheres was recovered from
Neogene sites such as the Cape Roberts drillholes (Wrenn
et al., 1998; 2001) and the Prydz Bay ODP site 1165
(Hannah, 2006).

Implications for the Age of Unconformity 10
of Bart et al. (2000)

Rapid cooling does not mean maximum ice sheet expan-
sion, and the age of the first continental-wide, full-scale, ice
sheet expansion remains in question. On the basis of
radiometrically-dated hyaloclastites from northern Victoria
Land, Hamilton (1972) concluded that the ice sheet ad-
vanced out onto the shelf by ca. 7.4 Ma (Tortonian) and

1, 2 Tricolpites sp., core NBP-03-01A/JPC-9/341 cm, coor-
dinate 138.4x9.

3 Tricolpites sp., core NBP-03-01A/JPC-10/121 cm, co-
ordinate 128.6x6.5.

4 Tricolpites asperamarginis, core NBP-03-01A/JPC-9/
421 cm, coordinate 120.5x12.6.

5, 6 Tricolpites sp., core NBP-03-01A/PC-3/3 cm, coordi-
nate 129x11.

7 Tricolpites reticulatus, core NBP-03-01A/JPC-9/421
cm, coordinate 138x8.5.

8 Tricolpites reticulatus, core NBP-03-01A/JPC-9/461
cm, coordinate 136x13.

9, 10 Peninsulapollis askiniae, core NBP-03-01A/JPC-9/502
cm, coordinate 129x9.3.

11 Proteacidites subscabratus, core NBP-03-01A/JPC-9/
421 cm, coordinate 141x8.

12 Proteacidites parvus, core NBP-03-01A/JPC-9/379 cm,
coordinate 129x17.8.

13, 14 Tricolpites ?truswelliae, core NBP-03-01A/JPC-9/502
cm, coordinate 152.8x15.4.

15 Proteaceae, core NBP-03-01A/PC-3/39 cm, coordinate
128x6.

16 Myrtaceides parvus, core NBP-03-01A/PC-3/3 cm,
coordinate 121.8x10.6.

17 Milfordia sp., core NBP-03-01A/PC-3/62 cm, coordi-
nate 110.8x15.8.

18 Proteacidites parvus, core NBP-03-01A/PC-3/39 cm,
coordinate 132.5x16.6.

PLATE 9

Light photomicrographs of selected angiosperm pollen. All specimens are at the same magnification; scale bar = 20 µm.
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remained grounded through the Late Pliocene with major
repercussion in lower latitudes (Warny et al., 2003). Al-
though such a long duration grounding event seems un-
usual, prior to the onset of significant Northern Hemisphere
glaciation (ca. 3 Ma) and the associated high frequency sea-
level changes, this situation might have occurred. Con-
versely, on the basis of benthic foraminifers and diatoms
from the Dry Valley Drilling Project cores DVDP-10 and
DVDP-11 on the Ross Sea inner continental shelf, Ishman
and Rieck (1992) postulated the existence of alternating
glacial/interglacial conditions throughout the Late Neo-
gene. Although it is difficult to test these contradictory
views of the duration of the Late Miocene grounding event
because of the patchiness of the palynological record,
microfossil analysis has provided important data. The
diatom analysis implies that Unconformity 10 of Bart et al.
(2000) must have formed before the Late Pliocene, prior to
2.3 Ma because sediment deposited immediately above the
unconformity has been dated between 2.3 Ma and 1.9 Ma.
These results appear to confirm that the ice was grounded
to the shelf edge at least until 2.3 Ma. It was followed by a
retreat that allowed the deposition of the in-situ diatom
flora with the reworked glaciomarine Eocene to Oligocene
sediments.

CONCLUSIONS

Although sparse, components of the palynomorph as-
semblages in this study all confirmed that the various
sediments analyzed were deposited during times of major
glacial activity. In-situ dinoflagellate cysts were found, but
in extremely low concentrations, which is consistent with
a less than favorable environment for the dinoflagellates,
and probable annual sea-ice cover extending to the outer-
continental shelf. The abundance of species of

Leiosphaeridia, normally is associated with sea-ice cover
in the modern Arctic and confirms the presence of coeval
sea-ice. This Arctic-like in-situ marine flora confirms that
the paleoenvironment was close to the maximum sea-ice
extent, with most probably high nutrient content cold
waters and low to normal salinities.

The apparent rarity or lack of in-situ pollen and spores is
linked to the Late Pliocene age of the section studied, and
the scarcity of terrestrial vegetation in the adjacent land
areas. All the terrestrial palynomorphs recorded were prob-
ably reworked from Eocene or older strata, or from younger
Oligocene to Neogene sediments, confirming active glacial
transport to the outermost continental shelf. The reworked
dinoflagellate cyst assemblages are typical of the Eocene to
Oligocene flora, similar to the Transantarctic Flora and
most probably transported from sediments in the inner
neritic region, or the Miocene to Early Pliocene flora
similar to the Sirius Group and CRP floras. The in-situ
dinoflagellate cyst assemblages appear to be of Late Pliocene
age. A full-scale ice sheet expansion onto the Ross Sea
outer continental shelf probably occurred during part of the
Miocene to Pliocene until 2.3 Ma, the age of the younger in-
situ microfossils recorded.
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1 Restionaceae, core NBP-03-01A/JPC-9/461 cm, coor-
dinate 138x4.

2, 3 Myricipites harrisii, core NBP-03-01A/JPC-9/379 cm,
coordinate 147.8x8.2.

4 ?Ilexpollenites sp., core NBP-03-01A/JPC-9/379 cm,
coordinate 128.4x17.7.

5 Spinizonocolpites sp., core NBP-03-01A/JPC-9/421
cm, coordinate 140x6.6.

6, 7 Asteraceae (possibly modern contaminant), core NBP-
03-01A/JPC-9/502 cm, coordinate 155x1.

8, 9 Biporate angiosperm pollen (indeterminate), core NBP-
03-01A/PC-3/39 cm, coordinate 118x17.

PLATE 10

Light photomicrographs of selected angiosperm pollen. All specimens are at the same magnification; scale bar = 20 µm.

10, 11 Tricolpate angiosperm pollen (indeterminate), core
NBP-03-01A/PC-3/100 cm, coordinate 153.4x10.3.

12, 13 Tricolporate angiosperm pollen (indeterminate), core
NBP-03-01A/PC-3/62 cm, coordinate 116.2x18.8.

14, 15 Angiosperm pollen tetrad (indeterminate), core NBP-
03-01A/PC-3/39 cm, coordinate 127.3x18.

16, 17 Apiaceae, core NBP-03-01A/PC-3/62 cm, coordinate
127.7x15.5.

18, 19 Angiosperm pollen tetrad (indeterminate), core NBP-
03-01A/PC-3/62 cm, coordinate 152.5x18.

20, 21 Malvaceae, core NBP-03-01A/PC-3/100 cm, coordi-
nate 145.5x19.6.
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profile acquisitions during the NBP0301A campaign spon-
sored by NSF OPP grant 0094078, awarded to P. Bart.
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