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Cretaceous coccoliths recovered in E!tanin core 54-7 from the Kerguelen Plateau. On the left is Broinsonia bevieri Bukry (enlarged
x10,000), and on the right is Lithastrinus f?oratis Stradner (enlarged x8,900).

objective of the next Eltanin cruise to the area (Cruise
54) was the recovery of still older cores at sites selected
from seismic profiles by Weaver, L. A. Frakes, and F. A.
Kaharoeddin. Of 10 cores obtained at the Cruise 54
sites, under Kaharoeddin's supervision, 3 recovered older
sediment, including a 5-meter core that contains Cretace-
ous chalk ooze of Cenomanian age. The recovery of
Cretaceous sediment was a marked surprise because it
indicates that deep ocean sediments of the Kerguelen
Plateau are considerably older than the minimum age
suggested by magnetic anomaly patterns. A seaway of
the incipient Indian Ocean was obviously well estab-
lished by mid-Cretaceous time, in the area represented
by these sediments.

The microfossil content of the cores is being studied
intensively. Patrick G. Quilty, West Australian Petro-
leum Party, Limited, is investigating the planktonic
foraminifera, we are studying the calcareous nannofossils,
and D. W. McCollum, P. M. Ciesielski, and Weaver are
analyzing the siliceous microflora and fauna. Coccoliths
from the Cretaceous core fall within the interval spanned
by the Chiastozygus cuneatus and Eiffellithus turriseiffeli
zones of Cepek and Hay (1969) and Thierstein (1971),
as indicated by the presence of Broinsonia bevieri Bukry
(fig.) and the absence of Micula staurophora decussata
(Vekshina). The Cretaceous coccolith assemblages great-
ly are restricted in diversity with no more than 12 species
represented, an indication of a high latitude paleo-site
of deposition. The fact that the Cretaceous material con-
sists of open marine carbonate ooze indicates that base-
ment was not reached by the core, and older sediments
may well be recovered from the area by further coring.
Further recoveries of older material from this area sig-
nificantly would help to determine the date and manner

of opening of this portion of the Indian Ocean. Partici-
pation in the Eltanin coring program was supported by
National Science Foundation grant GV-27549, to Frakes.
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Early diagenesis of a deep sea bedded
chert

FRED M. WEAVER and SHERWOOD W. WISE, JR.

Department of Geology
Florida State University, Tallahassee

A primary research goal at the Antarctic Marine Ge-
ology Research Facility during the past year was the
elucidation of early phases of diagenesis of deep sea
bedded chert. Both volcanic (Gibson and Towe, 1971;
Mattson and Pessagno, 1971) and biogenous origins
(Ramsay, 1971) are currently postulated for such rock.
Davies and Supko (1973) categorically state that the
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origin of these cherts is unknown, but that the silica
source is not organic.

Antarctic bottom materials from the southern ocean
may provide keys for resolving this growing controversy.
The first deep sea chert discovered in antarctic waters
was recovered from Eltanin core 4745, taken in March
1971, from the Kerguelen Plateau. This core (fig. 1)
penetrated 4 meters of calcareous ooze and 2 meters of a
pure white diatom ooze of Pliocene age, before bottom-
ing out in an opaline chert unit, preventing further
penetration. About 2 kilograms of pure white chert (fig.
2) were recovered from the severely damaged cutter head
of the core. X-ray analysis (Wise et al., 1972) shows
the material to be composed entirely of unidimensionally
disordered alpha-cristobalite. At the ultrastructural level
(fig. 3), the cristobalite is composed of authigenic,
blade-shaped crystals arranged in microspherulites, a
form characteristic of the free growth morphology of
this mineral (Weaver and Wise, 1972a, 1973; Wise and
Kelts, 1972; Wise and Weaver, in press).

Further study of core 47-15 reveals gradational contact
between the white chert and the overlying white diatom
ooze. Although this contact appears to be sharp on visual
inspection, small pellets of chert can be sieved from the
lowermost 25 centimeters of the diatom ooze. These
pellets are formed by an open framework of cristobalite
microspherulites (fig. 3 left'), in which are embedded
partially dissolved tests of diatoms and radiolarians (fig.
3 right). These observations confirm our earlier conclu-
sion (Wise et al., 1972) that the chert was derived from
the diatom ooze through the in situ dissolution and re-
precipitation of biogenous silica. According to present
definitions (Heath and Moberly, 1971), the Kerguelen
material can be classified as an incipient bedded chert.
Our data enumerated above show that the material is
biogenic in origin.

Although cristobalite-rich cherts are not true quartz
cherts, in the petrographic sense of the word, experi-
mental and empirical observations (Ernst and Calvert,
1969; Heath and Moberly, 1971; Weaver and Wise,
1972b) indicate that the cristobalite represents an inter-
mediate phase in the reaction: biogenous opal -. alpha-
cristobalite -. quartz chert. Heath and Moberly consider
the timing of these reactions to be dependent upon
kinetic factors such as temperature conditions or the lapse
of sufficiently long spans of geologic time. The Kergue-
len chert is unusual because it possibly is the youngest
chert recovered to date from the deep sea; its formation
may have been influenced by local high heat flow, pos-
sibly from an intrusive body.

A second striking feature of the material is that few
traces of microfossils can be found within the chert.
Apparently nearly all of the affected portion of the
original ooze is converted once the transformation of
biogenous opal to alpha-cristobalite begins (Wise and
Weaver, in press). The finding of a few siliceous micro-
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Figure 1. Sedimentary sequence in Eltanin core 47-15, taken in
the southeastern flank of the Kerguelen Plateau (57°17.27'S.
78°48.47'E.). Note gradiational contact between the basal

chert unit and the overlying diatom ooze.
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Figure 2. White opaline chert of Pliocene age, recovered from the
cutter head of Eltanin core 47-15.
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Figure 3. Left: Scanning electron micrograph (enlarged x650) of a fracture surface through a chert pellet recovered from the transition
zone in Eltanin core 47-15. The chert is composed of blade-shaped crystals of unidimensionally disordered alpha-cristobalite, arranged
in microspherulites about 10 microns in diameter. Right: View at higher magnification (x4,200) of the cristobalitic chert. Shown are thin,
tabular crystals which compose the microspherulites, and partially dissolved fragments of siliceous microfossils which constitute the source

material of the opaline silica. The arrow points to heavily etched diatom frustule.

fossil tests in a bedded chert, therefore, could indicate
that many more tests originally were deposited in the
sediment than are actually preserved. Secondly, the bio-
genous contribution to such a material could substantially
be greater than deductible from the observation of a few
ghosts of microfossils, in an otherwise featureless sample
of diagenetically altered opaline chert. Significantly, we
detected ghosts of siliceous microfossils in all bedded
cherts and radiolarian mudstones we examined to date
from Deep Sea Drilling Project Cores (legs 6 to 8).

Acknowledgement is made to the National Science
Foundation (grant CV-27549) and to the donors of The
Petroleum Research Fund, administered by the American
Chemical Society, for partial support of this research.
Deep Sea Drilling Project samples were obtained cour-
tesy of the National Science Foundation.
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Paleomagnetic, geochemical, isotopic,
and petrographic studies of

subantarctic islands

N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island, Kingston

Previous studies of subantarctic islands (Watkins,
1970, 1971, 1972) have been extended to Marion Is-
land (fig. 1), which was visited by Mr. Craig Amerigan,
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