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During the 1987-1988 field season, glaciologists led by Rob-
ert Bindschadler (National Aeronautics and Space Adminis-
tration) drilled a hole through the ice at Crary Ice Rise (83°S
175°W; figure), a grounded region of the Ross Ice Shelf that
bisects Ice Stream B. At 480-meter ice depth, the drilling equip-
ment penetrated several meters of sediment, presumably the
sediment-shelf interface. Recovery of the drilling equipment
at the surface revealed sediment adhered to the lower 10 me-
ters of the drill string (Koci and Bindschadler, Antarctic Journal,
this issue). A portion of the sediment collected was provided
to micropaleontologists at the Ohio State University for anal-
ysis.

The Ross Ice Shelf spans more than 540,000 square kilo-
meters, but little is known about the modern sub-shelf envi-
ronment, the type of sediments that blanket the sea floor under
the ice shelf, or the underlying stratigraphic successions. These
sediments contain evidence bearing on the history of the west
antarctic ice sheet volume fluctuations. The presence of fos-
silized photosynthetic marine phytoplankton (diatoms and sil-
icoflagellates) in sub-ice-shelf glacial sediments implies
productivity in open marine conditions at the time of initial
deposition. Construction of an approximate chronology of ice-

shelf minima (i.e. open water) events in the Ross embayment
or in West Antarctica is made possible by identifying age-
diagnostic fossils in these sediments.

Initial study of sediments underneath the Ross Ice Shelf
began as part of the Ross Ice Shelf Project (RISP) of 1978 and
1979, when 58 short gravity cores were collected from site J-9
(82°22'S 68°38'W) (Webb et al. 1979; Webb 1978, 1979). Studies
of diatom assemblages within these sediments sparked a de-
bate regarding their age and mode of deposition (Brady and
Martin 1979; Brady 1979, 1983; Kellogg and Kellogg 1981, 1983,
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1986). A recent re-evaluation of diatoms from the Ross Ice Shelf
Project (Harwood and Scherer, Antarctic Journal, this issue;
Harwood et al. in preparation) sheds new light on the debate
by identifying distinct diatom assemblages within reworked
sediment clasts and in the sediment matrix. Harwood et al.
(in preparation) acknowledged the limitations of paleoenvi-
ronmental interpretation based on shallow sediment cores from
a single locality. Sediments recovered from the Crary Ice Rise
provide an important additional data point south of the open
Ross Sea.

Crary Ice Rise is a northwest trending dome located on the
southwest margin of the Ross Ice Shelf and is characterized
by complex ice-flow dynamics (Barrett 1975; MacAveal et al.
1987). The ice rise lies about 100 kilometers southwest of site
J-9, the Ross Ice Shelf site used during RISP, and differs greatly
in physiographic setting. The sea floor at RISP site J-9 underlies
237 meters of sea water and 420 meters of fast-flowing shelf
ice (Webb et al. 1979), whereas sediments collected from the
Crary Ice Rise are, at present, in contact with 480 meters of
nearly stationary ice (Koci and Bindschadler, Antarctic Journal,
this issue). The thermal profile of the ice at the Crar y Ice Rise
suggests it has been grounded for a few hundred years at most
(Bindschadler et al. in preparation). The history of previous
grounding episodes is unknown, as is the age and general
geology of the subshelf topographic high (Crary Mountains).
The effects of repeated grounding and ungrounding and "ice
rumpling" on the surficial sediments is also unknown. Almost
certainly, though, the effects of these glaciological processes
include extensive erosion, transport, and redeposition. The
erosional effects of a mobile ice grounding line is evidenced
by the extensive unconformity across much of the Ross Sea,
recognized in sediments acquired during leg 28 of the Deep
Sea Drilling Project (DSDP) (Hayes and Frakes 1975) and in
recent seismic data (Karl, Reimnitz, and Edwards 1987). Much
of the in situ Pliocene and Pleistocene sediment record is ab-
sent, precluding detailed reconstruction of the Ross Sea/Ross
Ice Shelf/west antarctic ice sheet system for that period. In
many cases, however, reworked fossils in glacial sediments
provide the only available evidence of sedimentary deposits
that have been eroded away or underlie vast areas now covered
by ice sheets or ice shelves (Webb et al. 1984).

Sediments from the Crary Ice Rise were processed for dia-
toms and foraminifera using standard methods. The sediment
matrix was carefully examined for small sediment clasts. Clasts
were removed for smear slide analysis. Percentage of organic
carbon and carbonate were determined using an automated
carbon analyzer. It must be noted that the sediment may have
been altered by the unorthodox collection methods (hot-water
ice-boring apparatus), making physical tests such as cohesive
strength impossible. Results of analyses performed on the Crary
Ice Rise sediments are compared with similar studies of RISP
sediments.

The sediment matrix recovered from the Crarv Ice Rise is a
gray marine diamicton, containing a rich but highly frag-
mented diatom assemblage with common sponge spicules.
Textural characteristics compare favorably with RISP sedi-
ments. Organic carbon in Crary Ice Rise sediments is less than
0.2 percent, similar to that of the thin (approximately 10 cen-
timeters), oxidized, uppermost sedimentary unit of RISP cores,
but about one half that the lower unit of RISP sediments.
Diatom assemblages in the Crary Ice Rise sediments differ from
RISP, as noted below.

RISP sediments contain diatom assemblages of mixed Mio-
cene ages, with the youngest unequivocal age of mid-Late

Miocene (Harwood et al. in preparation; Harwood and Scherer
1988). Two distinct diatom assemblages of Miocene age were
identified in clasts from RISP sediments. A third, younger
Miocene assemblage was recognized in the sediment matrix
by subtracting diatoms present in the older clasts (Harwood
et al. in preparation). The sediment clasts are thought to doc-
ument distinct sedimentary units. Studying microfossil assem-
blages in reworked sediment clasts allows a partial reconstruction
of the pre-erosion stratigraphic succession.

Five richly diatomaceous sediment clasts, similar in texture
to reworked lower Miocene clasts found at site J-9, were re-
covered from the Crary Ice Rise sediment (clasts B-F). These
small clasts (less than 3 millimeters) contain a low diversity,
latest Miocene phytoplankton assemblage. This assemblage is
defined by the co-occurrence of diatom species T/ialasswsira
torokina, Eucainpia antarctica, Denticulopsis liustedtii, Thalassiosira
oliverana var. A, Thalassiosira sp. B, and silicoflagellates Diste-
phanus pseudofibulum and D. holiviensis and the ebridian Pseu-
doaminodochiuin of dictioides. Absent from this assemblage are
diatoms restricted to the Pliocene or Quaternarv. The clasts
are buff colored and richly diatomaceous, but contain few spi-
cules. They also contain common, presumably ice-rafted lithic
grains suggesting deposition in highly productive waters in a
glacial-marine environment.

Subsequent to deposition in the Late Miocene, the sedi-
mentary unit was disrupted by glacial processes, resulting in
transport of discreet sedimentary clasts, as well as disasso-
ciated sedimentary particles. These reworked sediments be-
came incorporated into the glacial sediments at Crary Ice Rise.
Much of the diatom material found in the matrix is probably
derived from this Late Miocene deposit.

One large (3-centimeter) diamictite clast was recovered (clast
A). Although the sediment that makes up this clast appears
texturally similar to the matrix, diatoms are relatively rare in
clast A. Most stratigraphically significant diatoms found in
clasts B—F are present in clast A, suggesting a younger origin.
In addition, older reworked and benthic diatoms are also pres-
ent.

The Crary Ice Rise matrix sediments contain a more diverse
diatom assemblage than those found in reworked clasts, and
the matrix includes all of the diatoms found in clasts A—F but
are present in clast A. The diatom assemblage in matrix sed-
iments also includes diatoms reworked from older Miocene
sedimentary deposits, based on their known stratigraphic ages.
The order-reworked diatoms include Den ticulopsis maccoil ii in ii,
Nitzschia grossepunctata, and Nitzschia sp. 17 Scharder. RISP
sediments contain these diatoms, but lack the younger diatoms
Thalassiosira torokina and Thalassiosira sp. B and the silicofla-
gellates Distephan us pseudofihulum and D. Boliviensis.

Although many of the diatoms found in RISP and Crary Ice
Rise sediments live in antarctic waters today, no diatoms that
are known to be restricted to the Pliocene or Pleistocene have
been identified in Crary Ice Rise sediments. Therefore, the
specific age of the Crary Ice Rise sedimentary deposit cannot
be demonstrated based on diatoms; we can say only that the
age must be post-Late Miocene. Judging by the apparent youth
of the grounding event at Crary Ice Rise (Biridschadler et al.,
Antarctic Journal, this issue) we can surmise that the deposit
may have been actively mobile within the last hundred years.

Six specimens of foraminifera, representing five species, were
recovered from the T63 micron fraction of 100 cubic centimeters
of Crary Ice Rise matrix sediments. These include the calcar-
eous benthic species Astrononion antarcticus, Globocassiduii,ia
subiobosa, Nonioneila iridea, and Melonis affinis, and agglutinated
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species Textularia wiesneri. These foraminifera are known to
have long stratigraphic ranges in the Antarctic, being reported
throughout the Cenozoic record. These foraminifera are pres-
ent at site J-9 (Greene in preparation) and in modern antarctic
sediments.

Based on the diatom and silicoflagellate results, a picture
emerges of episodic marine productivity in the Ross Sea em-
bayment during the Miocene, punctuated by sediment erosion
and reworking. In a generalized (and almost certainly over-
simplified) view, these sedimentary events coincide with ice
shelf and/or ice sheet retreat and advance, respectively. Several
episodes of extensive marine productivity are apparent during
the Early, Mid, and Late Miocene, as evidenced at RISP. Sed-
iments from the Crary Ice Rise define a younger phase of
productivity and biogenic sedimentation during the latest Mio-
cene. The deposit itself was apparently disturbed, and sub-
sequently transported and emplaced at its present site. Because
these sediments are known to be eroded and reworked by
glacial-bed processes, the lack of unequivocally younger dia-
toms in these sediments does not necessarily imply that open
marine conditions have not existed in the Ross embayment at
anytime since the latest Miocene. Sediments from two sites
beneath the shelf suggest a complex late Neogene glacial his-
tory. New drilling technologies have made the penetration of
thick ice a fast and relatively simple endeavor. Thus, sample
coverage is expected to improve in the upcoming seasons. As
more sites become available, a more complete picture of sub-
ice-shelf sediments and west antarctic glacial history will be
possible.

We thank Robert Bindschadler, Bruce Koci, and Herman
Zimmerman for making sediments collected from Crary Ice
Rise available for study. The field program was funded by a
grant from the National Aeronautics and Space Administration
to Robert Bindschadler and colleagues. Microfossil work was
supported by National Science Foundation grants DPP 87-16261
(to Peter-Noel Webb) and DPP 87-16411 (to David M. Har-
wood).

References

Barrett, P.J. 1975. Seawater near the head of the Ross Ice Shelf. Nature,
256, 390-392.

Bindschadler, R., B. Koci, S. Shabtaie, and F. Roberts. 1988. Evolution
of Crary Ice Rise, Antarctica, Antarctic Journal of the U.S., 23(5).

Brady, H.T. 1983. Interpretation of sediment cores from the Ross Ice
Shelf Site J-9, Antarctica. Nature, 303, 510-512.

Brady, H.T., and H. Martin. 1979. Ross Sea region in the Miocene: A
glimpse of the past. Science, 203, 437-438.

Greene, D.G. In preparation. Foraminiferal paleoecology of the Ross Ice

Shelf Project (RISP) Site J-9 sediment cores. (Masters of Science thesis,
Ohio State, Columbus, Ohio.)

Harwood, D. M., R. P. Scherer, D. G. Greene, and P. Webb. In prep-
aration. New microfossil data on marine sediments beneath the Ross
Ice Shelf and Miocene paleoenvironment of West Antarctica. Marine
Micropaleontology.

Harwood, D.M., and R.P. Scherer. 1988. Diatom biostratigraphy and
paleoenvironmental significance of reworked Miocene diatoma-
ceous clasts in sediments from RISP site J-9. Antarctic Journal of the
U. S., 23(5).

Hayes, D.E., and L.A. Frakes. 1975. General synthesis: Deep Sea Drill-
ing Project 28. In D.E. Hayes and L.A. Frakes (Ed.), initial Reports
of the Deep Sea Drilling Project, (Vol. 28). Washington, D.C.: U.S.
Government Printing Office.

Ishman, SE., and P.-N. Webb. In press. Lated Neogene benthic for-
aminiferal record from the Victoria Land Basin margin, Antarctica:
Application to glacio eustatic and tectonic events. In Benthos, '86:
3rd International Symposium on Benthic Foraminifera (Geneva, 1986).
Revue de Palaeobiologie.

Karl, HA., E. Reimnitz, and B.D. Edwards. 1987. Extent and nature
of Ross Sea unconformity in the Western Ross Sea, Antarctica. In
A.K. Cooper and F.J. Davey (Eds.), The Antarctic Continental Margin:
Geology and Geophysics of the Western Ross Sea. Circum-Pacific Council
for Energy and Mineral Resources, Earth Science Series, 5B, Hous-
ton, Texas.

Kellogg, TB., and D.E. Kellogg. 1981. Pleistocene sediments beneath
the Ross Ice Shelf. Nature, 293, 130-133.

Kellogg, T. 	and D.E. Kellogg. 1983. Interpretation of sediment cores
from the Ross Ice Shelf Site J-9, Antarctica-Reply. Nature, 303, 511-
513.

Kellogg, D.E., and T.B. Kellogg. 1986. Diatom biostratigraphy of sed-
iment cores beneath the Ross Ice Shelf. Micropaleontology, 32(1), 74-
94.

Koci, B., and R.A. Bindschadler. 1988. Hot water drill on Crar y Ice
Rise, Antarctica. Antarctic Journal of the U.S., 23(5).

MacAyeal, DR., R.A. Bindschadler, S. Shabtaie, S. Stephenson, and
C.R. Bentley. 1987. Force, mass, and energy budgets of the Crary
Ice Rise complex, Antarctica. Journal of Glaciology, 33(114), 218-230.

Sackett, W.M. 1986. Organic carbon in sediments underlying the Ross
Ice Shelf. Organic Geochemistry, 9(3), 135-137.

Webb, P.-N. 1978. Initial reports on geological materials collected at
RISP Site J-9, 1977-1978. RISP Technical Report, 78-1. (RISP Manage-
ment Office, University of Nebraska, Lincoln, Nebraska.)

Webb, P.-N. 1979. Initial reports on geological materials collected at
RISP Site J-9, 1978-1979. RISP Technical Report 79-1. (RISP Manage-
ment Office, University of Nebraska, Lincoln, Nebraska.)

Webb, P.-N., T.E. Ronan, Jr., J.H. Lipps, and T.E. DeLaca. 1979.
Miocene glaciomarine sediments from beneath the southern Ross
Ice Shelf, Antarctica. Science, 203, 435-437.

Webb, P.-N., D.M. Harwood, B.C. McKelvey, J.H. Mercer, and L.D.
Stott. 1984. Cenozoic marine sedimentation and ice volume variation
on the east antarctic craton. Geology, 12, 287-291.

Wrenn, J.H., and S.W. Beckman. 1982. Maceral, total organic carbon
and palynological analyses of Ross Ice Shelf Project Site J-9 cores.
Science, 216, 187-189.

36	 ANTARCTIC JOURNAL




