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Figure 2. Four tagged dredge hauls on Melville's fantail, awaiting
good weather for sorting and sawing.
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Figure 3. Proportions of principal rock types as percentage of total
sample weight dredged. Within columns are the contributions from
fracture zones, spreading centers ("rift valley" walls) and uplifted
blocks along ridge-transform intersections. ("kg" denotes "kilo-
gram:' "Mn" denotes "manganese:')
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Evidence for early Late Miocene
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We studied diatoms in sediments from five late middle to
early Late Miocene sites from the southern oceans (table). Mag-
netostratigraphic control in one piston core (101277-25) com-
bined with the application of foraminiferal datum levels in Deep
Sea Drilling Project (DSDP) sites 278 and 512 indicate that the
majority of our sites cover the interval from magnetic chrons 9
to 11 (approximately 8.5 to 10.4 million years ago). Additional
paleoenvironmental control is provided by an oxygen isotope
record on DSDP site 278 (Margolis, Kroopnick, and Showers
1982).
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Piston cores and DSDP sites used in this study

Depth
Core	 Latitude	Longitude	(in centimeters)

E345a	57023'S	159060'E	3,795
I0127725b	68037'S	10058'E	2,015
DSDP 278	56033'S	160004'E	3,675
DSDP 512	49052'S	40051'W	1,846
DSDP 513A	47035'S	2438'W	4,373

a "E" denotes 'Etanin."
b 10" denotes "Islas Orcadas."

Our data show considerable fluctuation in abundance of indi-
vidual diatoms through this time interval. In DSDP site 278 these
abundance changes coincide with changes in the oxygen iso-
tope ratio and are likely tied to water mass shifts. However, we
hesitate to relate these fluctuations to north-south movements
of the Polar Front since, in the present-day southern ocean and
in surface sediments, diatoms also show striking changes across
the subantarctic front (Burckle, Jacobs, and McLaughlin in
press). In any event, during the interval of time studied, we see
one northward expansion and one southward contraction of
polar waters. This expansion is seen as a marked increase in
abundance of Denticulopsis dimorpha accompanied by a decrease
in abundance of D. praedimorpha. This response is most strikin
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in the more southerly cores studied by us but is also observed in
those sites taken north of the present-day Polar Front. In DSDP

site 278 the increase in D. dimorpha is also marked by an oxygen
enrichment. Using the magnetostratigraphy in core 101277-25
as our control, our best estimate of the age of this cooling is
about 8.6 to 8.8 million years ago. A change in composition of
diatom floras in the equatorial Pacific is recorded at about the
same time (Burckle 1983). This latter change appears to reflect
an intensification of the equatorial current system. We have
evidence for a subsequent contraction of polar waters in DSDP

site 278. Although we lack adequate time control on this event,
our best estimate is that it occurred in the early part of magnetic
chron 9 about 8.2 to 8.3 million years ago. A reduction in
intensity of equatorial Pacific circulation also occurs at about this
time (Burckle unpublished data).
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