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Diatom biostratigraphic study of diatom-bearing glacial and
glacial-marine sediments has inherent difficulties due to the
fragmentary nature of diatom assemblages and extensive sed-
iment reworking. These problems are the principal cause of
the conflicting interpretations of Ross Ice Shelf Project (RISP)
sediments based on diatom studies of Brady and Martin (1979)
and Kellogg and Kellogg (1981, 1986).

RISP included the collection of 58 sediment cores (1 meter)
from beneath the Ross Ice Shelf at site J-9 (82°22'S 168°38'W)
(Webb 1978, 1979; Webb, Ronan, and DeLaca 1979). A large
number of soft, semi-indurated sediment clasts, constituting
between 5 to 46 percent of all rock and sediment clasts, are
present in RISP sediments. These contain a considerably greater
number of diatoms (72 to 92 percent) than sediment matrix (27
to 45 percent) (Webb 1979).

Initial geologic interpretations of RISP sediments suggested
glacial-marine sedimentation at site J-9 during the middle Mio-
cene with coeval seasonal marine diatom productivity and
sedimentation (Webb et al. 1979; Brady 1978, 1979; Brady and
Martin 1979). This interpretation was challenged by Kellogg
and Kellogg (1981, 1983, 1986) who suggested the Miocene
diatoms are reworked from older diatomaceous sediments.
They claim the RISP sediments were deposited during a late
Pleistocene grounding of the Ross Ice Shelf, based on their
identification of diatoms they believe are restricted to the Pleis-
tocene. Our results are in partial conflict with both of these
interpretations.

The biostratigraphic approach we apply in this stud y em-
ploys techniques that enhance the recovery of whole, identi-
fiable diatoms from RISP sediments, which are described as
containing, "a virtual hash of centric [diatom] fragments which
are too small for positive identification" (Kellogg and Kellogg
1986). Our methods also minimize the confusion of microfossil

reworking by focusing attention on diatom assemblages within
reworked diatom-bearing sediment clasts. These semi-lithified
clasts are unaltered remnants of older sedimentary deposits
and their diatom assemblages reveal several distinct ages of
source sequences. An abundant supply of these diatomaceous
clasts was recovered in the >500 micrometer size fraction from
foraminiferal preparations of w3100 cubic centimeters of sed-
iment.

In the present study, smear-slides of 80 diatomaceous clasts
from various depths in four cores were examined. In addition,
six large clasts of diatomite (1-2 cubic centimeters) and six
matrix samples of glacial sediment from depth intervals cor-
responding to clast occurrence in core 78-16, in addition to six
matrix samples from six other cores, were washed through a
25-micrometer sieve. Microscope slides were prepared from
both the material trapped in the sieve and the fine fraction
(<25 micrometers). Whereas the coarse fraction (>25 microm-
eters) is dominated by nearly whole centric diatoms, the fine
fraction consists of pennate diatoms and abundant diatom frag-
ments. Both size fractions were thoroughly examined for all
sieved samples. Difficulties involved with identification of dia-
tom fragments, as described by Kellogg and Kellogg (1986),
are effectively eliminated by the enhanced recovery of whole
diatoms.

Three distinct Miocene diatom assemblages are identified in
RISP matrix sediments and clasts (figure). These assemblages
are further discussed in Harwood et al. (in press), with illus-
tration of key species. The oldest diatom assemblage is of mid-
dle lower Miocene age and was found in more than 90 percent
of the clasts studied. This assemblage is defined by the co-
occurrence of diatoms Asteroinphalus syinnietricus Schrader and
Fenner, Cijinatosira bi/iareusis Pantocsek, Rapliidodiscus martlan-
dicus Christian, Rhizosoleiiia barboi Brun, Stepliaiiopi!xis sp. C.
Harwood (1986a), Synedra jouseana Sheshukova-Poretskaya and
Tlialassiosirafraga Schrader (Coscinodiscus sp. 1 McCollum 1975),
in the absence of younger, middle Miocene diatoms. Nitzsc/iia
sp. A (identified as N. curta by Kellogg and Kellogg 1986 and
as N. truncata by Brady 1979, 1983) is common in these clasts.
This middle lower Miocene assemblage is abundant in RISP
matrix sediments.

A diatom assemblage of early middle Miocene age was found
in one sediment clast (RISP 78-16, 72-77 centimeters, clast AD).
The age of this clast is determined by the co-occurrence of
diatoms Actinocyclus ehrenbergii Ralfs, A. ingens Rattray, Den-

ticulopsis lauta Bailey, D. inaccollumii Simonsen, Eucampia ant-
arctica Castracane, Nitzsch ia grossepu nctata Schrader and Nitzsch ia
sp. 17 Schrader (1976), and the absence of upper Miocene
diatoms, such as Denticulopsis hustedtii (Simonsen and Kanaya)
Simonsen (figure). This lower middle Miocene assemblage is
common in RISP matrix sediments.
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Biostratigraphic ranges of diatom species in Ross Ice Shelf Project (RISP) sediments recovered from clast and matrix samples. Three
distinct assemblages are identified at right; middle lower Miocene, lower middle Miocene, and middle upper Miocene. No diatoms of
exclusively Pleistocene or Pliocene age were encountered. Range data are summarized from the diatom studies of McCollum (1975),
Schrader (1976), Weaver and Gombos (1981), Ciesielski (1983), Barron (1985), and Harwood (1986a, 1986b). Age calibration of diatom
zonation follows Barron (1985). (Ma denotes millions of years ago.)

The youngest diatom biostratigraphic markers in RISP sed-
iments are of middle late Miocene age. Diatoms of this age are
present in the matrix, along with the older, reworked diatoms
listed above, but are not found in any clasts. This assemblage
includes Actinocyclus ehrenbergii var. asteriscus Barron, Denti-
culopsis hustedtii and Thalassiosira oliverana (O'Meara) var. [iden-
tified by McCollum (1975) as Cosmiodiscus intersectus (Braun)
Jouse], among other diatoms listed in the previous assemblage
that continue from the middle Miocene (figure). The absence
of latest Miocene diatom Thalassiosira torokina Brady suggests
this assemblage is older than 6.6 million years (age from Cie-
sielski 1983). The presence of foraminifera Neogloboquadrina
pachyderma (Ehrenberg), identified in RISP sediments (Greene
personal communication 1988), suggests the middle late Mio-

cene assemblage is no older than 10 million years. These
datum levels establish middle late Miocene as the maximum
age of RISP sediments.

In contrast to the reports of Kellogg and Kellogg (1981, 1983,
1986), no diatoms indicative of a Pliocene or Pleistocene age
were identified in this study of RISP sediments. Several dia-
toms of this age reported by Kellogg and Kellogg (1981, 1983,
1986) either:
• are misidentified as Pleistocene and Pliocene species, in part

due to their attempt to identify diatom fragments. Fragments
identified and illustrated by Kellogg and Kellogg as Actin-
ocyclus actinochilus (Hustedt) Simonsen are actually from Au-
lacodiscus brownei sensu McCollum; Thalassiosira lentiginosa
(Janisch) Hasle is Actinocyclus elireizbergii Ralfs; micropho-
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tographs identified as Nitzschia interfrigidaria McCollum
emend. Ciesielski are of Nitzschia grossepunctata Schrader and
N. sp. 17 Schrader 1976; Asteromphalus parvulus Karsten is
A. symmetricus Schrader and Fenner; and Thalassiosira gracilis
(Karsten) Hustedt is Actinocyclus ingens Rattray with a frag-
ment of another diatom at its center.

or

• have stratigraphic ranges older than the Pleistocene age re-
ported by McCollum (1975); the principal stratigraphic ref-
erence used by Kellogg and Kellogg (1981, 1983, 1986). The
misleading late Pleistocene age ranges of several species in
McCollum (1975) is due to the absence in the Ross Sea of
latest Miocene through early Pleistocene sediments (figure
11 in McCollum). These and other aspects of previous dia-
tom study of RISP sediments are discussed in Harwood et
al. (in press).
The glacial event(s) which mixed and reworked the various

diatom assemblages occurred sometime, perhaps repeatedly,
from the late Miocene through Pleistocene time. The basal till
model of Kellogg and Kellogg (1986) and their suggested Pleis-
tocene grounding of the Ross Ice Shelf may be correct, but this
cannot be determined by diatoms present in RISP sediments.
Moreover, the absence of Pliocene and younger diatoms may
argue against redeposition and mixing by Pleistocene ice. Alley
et al. (in press) suggest that RISP sediments may represent a
"mobile drift" of glacial sediments that are mobilized during
Ross Ice Shelf grounding events, and flow seaward toward the
grounding-line. The models of Alley et al. (in press) and Kel-
logg and Kellogg (1981, 1986) depend upon RISP sediments
being basal till, or mobilized beneath grouned ice. Although
RISP sediments were included with other Ross Sea basal tills
in a review by Anderson et al. (1980 figure 11) [a reference
used by Kellogg and Kellogg (1983, 1986) to support their model],
this assignment may have been premature and a Miocene gla-
cial-marine origin is also plausable (Anderson personal com-
munication to D. Harwood).

The interpretation initially proposed by Webb et al. (1979),
Brady (1979), and Brady and Martin (1979), whereby, middle
Miocene diatoms represent in situ deposition in a glacial-ma-
rine setting, may also be a reasonable explanation for RISP
sediments, although our study would suggest a middle late
Miocene age for deposition. Lack of sediment clasts containing
the upper Miocene diatom assemblage and the absence of latest
Miocene and Pliocene diatoms, which would be expected con-
sidering the interpretation of Webb et al. (1983, 1984) for Pli-
ocene deglaciation of Antarctica, does not contradict the late
Miocene glacial marine interpretation for RISP sediment.

Several unanswered questions bear on this debate:
• Is an advancing grounded ice shelf a mechanism of erosion

or deposition?
• Are RISP sediments analogous to the "mobile drift" of Alley

et al. (in press)?
• How thick is unit 1 of RISP, and what lies beneath?—Late

Miocene sediments? Pliocene sediments? The Ross Sea? Un-
conformity?
At the present time, the differing interpretations of Brady

and Martin (1979) and Kellogg and Kellogg (1981) cannot be
specifically resolved. New diatom age data outlined in this
paper, however, more correctly define the debate. It is clear
that the problems addressed in this paper and the continuing
debate between the interpretations of Kellogg and Kellogg (1983)
and Brady (1983) can be resolved only by the recovery and
study of new material from beneath the Ross Ice Shelf through

stratigraphic drilling at ice rises and sediment coring from holes
such as site J-9 at numerous locations on the ice shelf.

The common diatomaceous sedimentary clasts recovered in
RISP provide insight on the depositional history of Miocene
marine sediments in West Antarctica and subsequent erosion
and transport to site J-9—either in floating ice or in basal debris
layers of a grounded ice sheet. Studying the reworked sedi-
mentary clasts led to the identification of several ages of dia-
tomaceous source sediments. These clasts also provided valuable
paleo-environmental information. In particular, the abundant
lower Miocene diatomite clasts contain up to 92 percent dia-
toms, have high organic content and paucity of clastic material.
These features indicate extensive siliceous productivity in the
interior of West Antarctica during the middle early Miocene
(Webb 1979), the virtual absence of marine ice cover, and little
to no input of ice-rafted detritus at this time. We interpret this
to reflect minimal ice at sea-level in West Antarctica, with
prolonged warm/interglacial conditions in Antarctica during
the early Miocene; a period bracketed between late Oligocene
and late middle Miocene glaciations.

This work was supported in part by National Science Foun-
dation grants DPP 84-20622 to P.N. Webb and DPP 87-16411
to D.M. Harwood. We thank D.S. Cassidy of the Antarctic
Research Facility, Florida State University, for providing sam-
ple material, and P.N. Webb and D.C. Greene for helpful
discussion. We acknowledge the hard and tedious work of D.
Kellogg and H.T. Brady on RISP diatoms and their inspiring
debate which, in part, prompted our study.
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