
The well-defined peaks between 22.5 and 31 degrees two-
theta in the figure can be attributed to sanidine and amphibole
whereas the less intense, poorly defined peaks have been
matched with anorthite. The presence of sanidine, the possible
occurrence of montmorillonjte and anorthite, and the presence
of much X-ray amorphous material in the clay-size fractions
all support the hypothesis that these till samples contain vol-
canic ash. Presumably the ash was derived from local eruptive
centers in southern Victoria Land and is genetically related to
the McMurdo Volcanics. Further work is in progress to confirm

the presence of volcanic ash by measurements of the isotopic
composition of strontium.

This study was supported by National Science Foundation
grants DPP 79-20407 and DPP 87-14324.
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Mafic and ultramafic inclusions
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The Transantarctic Mountains in southern Victoria Land are
riddled with swarms of lamprophyre dikes (Smith 1924; Blank
et al. 1963; McKelvey and Webb 1962). These dikes typically
parallel the trend of the Transantarctic Mountains and are gen-
erally thought to have been intruded late in the Cambro-Or-
dovician Granite Harbor Intrusive event. An age of 470 million
years has been determined on what is apparently one of these
dikes (Jones and Faure 1967).

While conducting fieldwork on Cenozoic volcanic cones in
the Royal Society Range, we crossed two of the lamprophyre
dikes in the vicinity of Pipecleaner Glacier (78°17'S 162°40'E)
and Roaring Valley (78°17'S 163°15'E) and collected samples
out of general curiosity. One of the dikes appeared to have
small inclusions, although they appeared to be locally derived.
Because these samples were not obviously related to our re-
search project and did not appear to be of great import, they
were ignored for 2 years. Recently, closer examination and
thin-sectioning has revealed that these two dikes contain mafic
inclusions from the lower crust and ultramafic inclusions that
may be cognate or may be from the upper mantle.

One of the two dike samples is quite altered whereas the
other is extremely pristine. Both appear to be camptonites,
containing phenocrysts of olivine, clinopyroxene, biotite, and
very minor amphibole. The groundmass consists of biotite,
strongly zoned plagioclase, sanidine, carbonate, and anal-
cime(?). Ocelli of carbonate, sanidine, and biotite/amphibole
are abundant. Inclusions range from clinopyoxenite and wehr-
lite to pyroxene granulite and garnet granulite. The garnet
granulite contains garnet, clinopyroxene, quartz, plagioclase,
potassium feldspar, biotite, apatite, and zircon. The inclusion

has undergone moderate alteration, and if there was ortho-
pyroxene present, it has been lost to the alteration. Electron
microprobe analyses of the minerals in the garnet granulite
permit the determination of the pressure and temperature of
equilibration. Two-feldspar thermometry using the new model
of Fuhrman and Lindsley (1988) yields a temperature of about
900°C. The garnet-clinopyroxene-plagioclase-quartz barometer
of Newton and Perkins (1982) results in a pressure determi-
nation of 13.3 kilobars with the + 1.6-kilobar correction rec-
ommended by them. With the correction, this barometer has
been found to give results for garnet granulite inclusions in
the Cenozoic volcanic rocks that are in excellent agreement
with other barometers involving garnet-orthopyroxene (Berg
and Herz 1986; R.J. Moscati unpublished data).

These results suggest that the crust of the Transantarctic
Mountains at the end of the Granite Harbor Intrusive activity
was at least 45 kilometers thick. Because it seems statistically
unlikely that this one inclusion would come from the very
bottom of the crust, the crust was probably even thicker. Thus,
it appears that at the end of the Ross Orogeny, the Transant-
arctic Mountain crust was both thicker and cooler (by almost
100°C) than it is today (Berg and Herz 1986). We hope to collect
and study additional granulite inclusions from the lampro-
phyres in order to verify, refine, and extend these data. The
results should provide important new constraints on physical
conditions of the Transantarctic Mountains crust as far back
as the Ordovician and should add to our understanding of the
tectonic history of the transantarctic Mountains from the Ross
Orogeny through to the present.

This research was supported by National Science Founda-
tion grant DPP 86-14071.
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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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