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Reworked microfossils in glacial tills can be used to evaluate
paleoenvironments of depositional basins that are presently
obscured by ice sheets (Webb et al. 1984; Harwood 1986). Sed-
iments collected from beneath Upstream B in West Antarctica
contain rare but diverse assemblages of diatoms and other
microfossils. These fossils provide evidence for the presence
of open marine conditions across parts of West Antarctica dur-
ing the Cenozoic and also indicate that nonmarine habitats
were present and may have been common and widespread in
the extreme high latitudes during certain intervals in the Cen-
ozoic.

The following is a brief summary of initial micropaleonto-
logic observations based on study of Upstream B sediments.
(See Scherer, Antarctic Journal, this issue, for more information
regarding the setting and methods employed.) Diatom fossils
of various Cenozoic ages are present, ranging from late Pa-
leogene to Plio-Pleistocene. Several distinct paleoenviron-
ments are also indicated, including marine, lacustrine, and
terrestrial habitats.

Several fossil groups have been identified. Marine and non-
marine diatoms are the most abundant fossil group in Up-
stream B sediment. Other microfossils include common
chrysophyte cysts (marine and nonmarine) and rare occur-
rences of foraminifera, radiolaria, silicoflagellates, marine
dinocysts, coccolithophorids, and fish teeth. Terrestrial organic
microfossils are relatively common in the sediment. These in-
clude pollen, spores, plant tissues including wood fragments,
and fungal remains. Pollen and spores are dominantly Cam-
panian to Paleogene in age (Askin personal communication).

Neogene diatoms. Miocene diatoms are poorly represented
numerically, but many of the Miocene marker species present
in Ross Sea sediments have been found in the matrix sediments
from Upstream B. For example, rare examples of diatoms Den-
ticulopsis hustedtii, Denticulopsis lauta, Denticulopsis maccollumii,
and Thalassiosira fraga, among others, are found in Upstream
B sediment. These Miocene diatoms are all present in RISP
sediments (Harwood, Scherer, and Webb in press). D. hustedtii
is common in Crary Ice Rise sediment, but the others listed
are rare and reworked there (Scherer et al. 1988).

The Pliocene is well represented in Upstream B, as indicated
by the presence of diatoms Thalassiosira torokina, Coscinodiscus
vulnificus, Coscinodiscus kolbei, and Nitzschia interfrigidaria. Other
diatoms present include Actinocyclus actinochilus, Asteromphalus
parvulus, Thalassiosira lentiginosa, Thalassiosira gravida, Coscinod-
iscus bullatus, Thalassiosira turnida, Thalassiosira affin. trifulta,
and Thalassiosira ritcherii. Some of these diatoms might also
suggest a Pleistocene component, but these data are equivocal.
Certain species that are generally common in Pliocene and

Pleistocene antarctic sediments, such as Nitzsc/iia kt'rgulensis,
Nitzschia cu rta, Thalass iosira gracilis, and Thalassios ira antarctica
have not yet been found at Upstream B. It is posssible that
this is an artifact of low overall diatom abundance in the sed-
iment. None of the above-listed Pliocene and younger diatoms
is found in RISP sediment (Harwood et al. in press). Of that
list, only T. torokina, which appeared in the latest Miocene, is
present in Crary Ice Rise sediment (Scherer et al. 1988). This
demonstrates that sediments at Upstream B are derived from
separate source beds than RISP and Crary Ice Rise sediments.

Clasts of Neogene marine sediments have not been ob-
served. The Neogene marine diatoms are present as individual
fossils in diatom preparations of the matrix sediment. These
fossils may have been originally deposited virtually anywhere
in the extensive interior basins of West Antarctica during pe-
riods of deglaciation and open marine seaways, and later trans-
ported by glacial processes to the Upstream B site. The fact
that Pliocene is more common than Miocene may suggest that
Pliocene sedimentation was widespread and that Pliocene de-
posits are available for erosion, whereas erosion of Miocene
sediments may be limited to certain areas in the west antarctic
interior. Much of the Miocene section may lie relatively intact
beneath the ice sheet deep within West Antarctica, capped by
younger sediments.

Paleogene diatoms. Paleogene microfossils are relatively com-
mon in Upstream B sediment. A distinctive, very low diversity
Oligocene diatom assemblage is found in the form of micro-
clasts (50-300 micrometers) that were separated from the ma-
trix sediment (see Scherer, Antarctic Journal, this issue for
methods). This assemblage consists of more than 80 percent
Rocella praenitida (figure 1), which is also a common constituent
of the matrix sediment. R. praenitida is known from Eocene
through Oligocene sediments of both high and low latitudes,
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Figure 1. Photomicrograph of microclast of Oligocene marine sed-
iment including abundant Rocella praenitida. Scale bar = 50 mi-
crons.
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but it ranges stratigraphically higher in northern (Schrader and
Fenner 1976) and southern (Combos and Ciesielskj 1983; Har-
wood, in press) high-latitude sediments than low-latitude Pa-
leogene sections (Kim and Barron 1986). Although relatively
long ranging, R. prat'nitida tends to be most common in the
Late Oligocene (above references). Other species in the diatom
genus Rocella (R. gelida and R. vigilans) have been found dom-
inating the diatom assemblage in subantarctic regions during
certain intervals in the Late Oligocene (Combos and Ciesielski
1983), but R. praenitita has not been previously reported in
such high abundance.

Few other Paleogene diatoms have been found in Upstream
B sediments. The low diversity and high abundance of the R.
praenitida assemblage, and the presence of clasts, suggest that
the Paleogene contribution into Upstream B sediments is largely
from a single source. This may imply that this material is re-
worked only locally (Scherer, Antarctic Journal, this issue).

Nonmarine fossils. A third diatom assemblage, identified in
diatomaceous microclasts, is made up of globally distributed
freshwater diatoms of the genus Aulacosira. The most common
freshwater diatom is undescribed, but is in the Aulacosjra italicalineage. Aulacosira sp. comprise more than 90 percent of the
particles in most of these clasts and nearly 100 percent of the
diatom assemblage (figure 2). The clasts also contain chryso-
phyte cysts, organic walled microfossils such as pollen, spores
and plant tissues and amorphous organic matter. This rich
nonmarine diatomite contains only trace terrigenous elastic
material, suggesting high productivity and distance from sus-
pended sediment sources. These conditions may be indicative
of a large, eutrophic (high-nutrient) coastal lake.

These freshwater diatoms are poor biostratigraphic markers
but do constrain the age of the sediment to late Paleogene to
Recent. The first appearance of freshwater Aulacosira speciesis not clear. Aulacosira spp. have been reported from nonmarine
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Figure 2.2. Photomicrograph of freshwater sediment consisting of
abundant Aulacosira sp. Scale bar = 50 microns.
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sediments that are believed to be as old as Late Eocene (Loh-
man and Andrews 1968).

Palynomorphs in Upstream B sediments are dominated by
Late Cretaceous to Paleogene forms (Askin personal com-
munication). It is not clear whether any of these palynomorphs
indicate late Paleogene or younger terrestrial environments.
Further study is needed to determine if there are age-diagnostic
terrestrial palynomorphs associated with the lake sediments.

This is the first report to suggest that large lakes may have
existed in West Antarctica during the Cenozoic. The sediment-
ice interface at Upstream B camp is 644 meters below sea level
today, and still would be below sea level once corrected for
isostasy. It seems most likely, therefore, that the lake sedi-
ments were deposited far from Upstream B and were trans-
ported to that site at the glacier bed. Large lakes may have
existed in the vicinity of the Whitmore Mountains of West
Antarctica or the Ohio or Wisconsin ranges of the Transant-
arctic Mountains; however, it may not be necessary to invoke
distant travel. Subaerially exposed lakes may have existed over
a large part of the west antarctic/Ross embayment catchment
area during the Paleogene, considering the unknown and pre-
sumably complex Cenozoic tectonic, isostatic and erosional
history of West Antarctica.

This research has significant implications for modeling of ice
sheets and ice-stream flow. Microfossil assemblages provide a
qualitative index of reworking and mixing and provide evi-
dence for sediment transport and provenance estimates. The
occurrence of microfossils in sub-ice sediments provides a cap-
sule view of environmental conditions over a wide area and
through time. Although specific stratigraphic information is
not present, intervals of open marine conditions and produc-
tive terrestrial environments can be identified based on fossil
data, and a relative-event stratigraphy can be compiled. Ad-
ditional sampling will lead to a better understanding of west
antarctic ice sheet dynamics and processes and antarctic cli-
mate history through the Cenozoic.

Hermann Englehardt, and Neil Humphrey provided the
sample for study. Peter Webb, Don Blankenship, David Har-
wood, and Amy Leventer contributed useful discussion and
reviewed the manuscript. Greta Fryxell assisted with diatom
identifications. Thanks to Rosemary Askin for identifying pa-
lynomorphs. Field work was supported by National Science
Foundation grants to Englehardt and others. Additional sup-
port came from National Science Foundation DPP 87-16261 to
P. Webb.

References

Askin, R. 1989. Personal communication. Combos, A., and P. Cie-
sielski. 1983. Late Eocene to early Miocene diatoms from the south-
west Atlantic. Initial Reports of the Deep Sea Drilling Project, 71, 793-804.

Harwood, D., R. Scherer, and P. Webb. In press. Multiple Miocene
productivity events in West Antarctica as recorded in Upper Miocene
sediments beneath the Ross Ice Shelf (Site J-9). Marine Micropaleon-
tolo'y.

Harwood, D. 1986. Diatom toast raticra p/nj and paleoecologi1 wit/i a Cenozoic
history of antarctic ice sheets . (Doctoral dissertation, Ohio State Uni-
versity, Columbus.)

Harwood, D. In press. Siliceous microfossil stratigraphy. In P.J. Barrett
(Ed.), Antarctic Cenozoic history from the CIROS-1 drillhole, McMurdo
Sound. (New Zealand Department of Scientific and Industrial Re-
search, Miscellaneous Bulletin, No. 245.)

Kim, W., and J . Barron. 1986. Diatom biostratigraphy of the upper



Oligocene to lower Miocene San Gregorio Formation, Baja California
Sur, Mexico. Diatom Research, 1(2), 169-187.

Lohman, K., and G. Andrews. 1968. Late Eocene non-marine diatoms
from the Beaver Divide area, Fremont County, Wyoming. (U.S. Geological
Survey Professional Paper 593-E.) Washington, D.C.: U.S. Govern-
ment Printing Office.

Scherer, R. 1989. Microfossil assemblages in "deforming till" from
Upstream B, West Antarctica: Implications for ice-stream flow mod-
els. Antarctic Journal of the U.S., 24(5).

Scherer, R., D. Harwood, S. Ishman, and P. Webb, 1988. Micropa-
leontological analyses of sediments from Crary Ice Rise. Antarctic
Journal of the U.S., 23(5), 34-36.

Schrader, H., and J. Fenner. 1976. Norwegian Sea Cenozoic diatom
biostratigraphy and taxonomy. initial Reports of the Deep Sea Drilling
Project, 38, 921-1,099.

Webb, P., D. Harwood, B. McKelvey, J. Mercer, and L. Stott. 1984.
Cenozoic marine sedimentation and ice volume variation on the East
Antarctic craton. Geology, 12, 287-291.

Early Pliocene volcanic ash
rests on a polar desert pavement
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Reconstructions of Pliocene climate based on the ecology of
marine diatoms and Nothofagus wood of assumed Pliocene age
within the Sirius formation suggest extensive ice-sheet collapse
accompanied by warm (2-5° C) marine seas in the interior of
East Antarctica (Harwood 1986; Webb et al. 1986) and the growth
of Nothofagus in the adjacent Transantarctic Mountains.

We report here an alternative climate reconstruction based
on isotopically dated volcanic deposits that overlie in situ polar
desert pavements. One such ash deposit of early Pliocene age
occurs in Arena Valley (77°51'S 161°E), Quartermain Moun-
tains, Antarctica, and is described below.

A 30-centimeter-thick, light-gray to pale white, in situ vol-
canic ash surface deposit overlies a well-developed desert
pavement at 1,500 meters elevation in central Arena Valley
(figures 1 and 2). The buried pavement is composed of an

Figure 1. Photograph of volcanic ash in west central Arena Valley.
The vertical face of the ash has been cut back to expose the un-
derlying buried desert pavement. A highly weathered colluvial de-
posit (devoid of volcanic material) underlies the ash.

interlocking mosaic of closely spaced ventifacts of Ferrar Do-
lerite and Beacon Heights Orthoquartzite. The ventifacts are
commonly pitted and exhibit thick coatings of desert varnish.
The ash is overlain by a second desert pavement which is
identical in form, composition, and texture to the buried pave-
ment (figure 1).

The age of the ash was determined by conventional argon-
40/argon-39 methods on bulk ash samples and by the laser-
fusion argon-40/argon-39 technique of dating single crystals.
Qualitative X-ray microprobe analyses indicated that the crys-
tal fraction included anorthoclase, aegerine, subcalcic augite,
and magnetite. Anorthoclase was isolated using heavy liquids
and a Franz magnetic separator. Approximately 1,000 grams
of ash yielded about 1.0 grams of "pure" anorthoclase. Con-
ventional argon-40/argon-39 incremental release heating of bulk
samples of anorthoclase using a Nuclide 6-60-SGA 1.25 mass
spectrometer yielded a plateau age of 4.69 ± 0.10 million years,
although the release spectrum was saddle-shaped. Lo Bello et
al. (1987) showed that such a release spectrum from volcanic
feldspars suggests xenocrystic contamination of the sample.
Therefore, the age determined by bulk analysis of hand-picked
feldspars probably represents only a maximum age of the ash.
To obtain a more accurate age for the ash, individual anorth-
oclase crystals were dated using the argon-40/argon-39 laser-
fusion technique. Results indicated that the ash was composed
of at least two distinct populations. The younger population
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