
third penetration was slightly up slope from the previous two
and showed a modestly higher thermal gradient in the upper 2
meters of sediments, and the same high gradient in the bottom
65 centimeters. The lower section of the probe was lost on pull-
out from the third penetration indicating very stiff and/or coarse
sediments. In contrast, the stations in the Jane Basin, with the
exception of the one penetration nearest the South Orkney
block, all showed full penetration with virtually straight ther-
mal gradients. The thermal gradients that had changes in slope,
could generally be correlated with changes in the measured in
situ thermal conductivity.

Two hundred fifteen in situ thermal conductivities were
measured in the Jane Basin area. While most of the thermal
conductivity values were from 0.91 to 1.05 watts per meter per
degree Kelvin, some were as high as 1.66 watts per meter per
degree Kelvin, and a few were as low as 0.86 watts per meter per
degree Kelvin. We were able to make needle-probe thermal
conductivity measurements on three gravity cores recovered
from the central Jane Basin. The 74 needle-probe conductivities
mostly ranged from 0.91 to 1.03 watts per meter per degree
Kelvin with a few as low as 0.88 watts per meter per degree
Kelvin and one at 1.15 watts per meter per degree Kelvin. In
general, the in situ thermal conductivity agreed to within a few
percent of the measured needle-probe thermal conductivity.

Heat-flow penetration 4.1 was closest to the South Orkney
block and about 40 meters shallower than the main part of the
Jane Basin. At this station, we broke off the second lower section
of the 6-meter probe, again indicating a very stiff and sandy

bottom. Station 5.1 was taken close to station 4.1 and the meas-
ured in situ thermal conductivities ranged from 1.10 watts per
meter per degree Kelvin to over 1.5 watts per meter per degree
Kelvin. The higher values clearly indicate sand and possibly
gravel layers in the near-surface sediments.

Jane Basin, according to Barker et al. (1984), formed as a back-
arc basin prior to the collision of the northern Weddell Sea
spreading center with Jane Bank. Barker et al. (1984) estimated
the time of collision to be 20 million years ago. They are con-
fident they can detect marine magnetic anomaly 6B (22.5 mil-
lion years ago) seaward of Jane Bank and possibly 6A (21 million
years ago) as well. Our preliminary heat-flow results indicate a
general age of the Jane Basin to be about 25 to 30 million years
old. We plan further analyses of our heat-flow results and hope
to produce a model that will bound the age of the Jane Basin.

This work was supported by National Science Foundation
grants DPP 84-14173 to the Woods Hole Oceanographic Institu-
tion and DPP 84-05968 to the Institute for Geophysics, Univer-
sity of Texas at Austin. Shiptime was provided as part of a British
Antarctic Survey research contract to the University of Bir-
mingham, United Kingdom.

Reference

Barker, P.F., P.L. Barber, and E.C. King. 1984. An early Miocene ridge
crest-trench collision on the South Scotia Ridge near 36°W. Tec-
tonophysics, 102, 315 - 332.

Evolution of the far South Atlantic
during the Late Cretaceous

L.A. LAWyER

Institute for Geophysics
University of Texas

Austin, Texas 78751

H. BERGH

Bernard Price Institute of Geophysical Research
University of Witwatersrand

Johannesburg, 2001 South Africa

P.F. BARKER

British Antarctic Survey
Department of Geological Sciences

University of Birmingham
Birmingham, B15 2TT, England

During the summer of 1983, a collaboration was begun with
the goal of merging unpublished University of Birmingham
Marine geophysical data with similar data that had been col-
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lected along the American Antarctic Ridge (Law yer and Dick
1983) and with all the pertinent National Geophysical Data
Center profiles. The cruise of RIV Melville in 1981 provided
sufficient bathymetric soundings to delineate the major features
of the Cenozoic South American antarctic plate boundary be-1
tween the Bouvet triple junction (55°S 1°W) and the South
Sandwich Trench (61°S 26°W) (Law yer and Dick 1983). With the
addition of the British soundings, not only have the ridge seg-
ments and the transform faults been located, but, also the off-
ridge area, particularly between 59° and 61°S, can be contoured.
In addition, the British profiles allowed us to correlate and
identify magnetic anomalies and to determine the direction and
rate of spreading along the American Antarctic Ridge during
the past 45 million years (Barker and Law yer in press).

From the work of Norton and Sclater (1979), Lawyer, Sciater,
and Meinke (1985), Barker (1979), and Bergh (1977), a model for
the latest Mesozoic evolution of the South Atlantic has evolved.
This model uses a simple two-plate break-up of Gondwana in
Middle to Late Jurassic. The two-plate model changed to a
three-plate break-up with the separation of South America from
Africa in the Early Cretaceous. The triple junction thus de-
veloped was of the ridge-ridge-ridge (RRR) type and produced
the magnetic bights found off the Agulhas Plateau (Bergh and
Barrett 1980; LaBrecque and Hayes 1979), and off Queen Maud
Land, East Antarctica (Bergh 1977; Bergh unpublished data),
and a third as yet undescribed. When the RRR triple junction
formed, there was an initial 1,400-kilometer offset of the Mid-
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Atlantic Ridge along the Falkland-Agulhas fracture zone. At the
end of the Cretaceous period the Mid-Atlantic Ridge jumped
westward eliminating 800 or more kilometers of the offset (Bar-
ker 1979). Figure 1 illustrates the jump of the spreading center
by showing the presumed location of the spreading center at
magnetic anomaly 34 time (82 million years ago, prejump) and
at anomaly 28 time (65 million years ago, postjump). From our
model, some of the magnetic anomalies formed between 82 to
65 million years ago at the South American/Antarctic plate
boundary should now be found southeast of the Falkland
Plateau (see figure 2). ("See page 90.")

A	 ANOMALY 28
60'W	 30	 0'

B	 ANOMALY 34
60'W	 30'	 0'

Figure 1. A. Reconstruction of Africa, Antarctica, and South America
t anomaly 28 time (65 million years ago). South America is held
ixed with Antarctica rotated to Africa and Antarctica/Africa then
otated to South America. B. Reconstruction at anomaly 34 time (82
llllon years ago). Note large offset on Falkland-Agulhas fracture

one and change at the triple junction from ridge-ridge-ridge to
Idge-fault-fault.

In the fall of 1984, during a National Science Foundation

tustin,
onsored visit by Hugh Bergh to the University of Texas at

 we discussed where the best place to test this hypoth-
esis would be. Using time available on R/V Agulhas, the South
African research and supply ship, he decided to run the lines
shown in figure 3. As can be seen, he found the Late Cretaceous
magnetic anomalies close to our predicted locations shown in
figure 2.

This work started under National Science Foundation grant
DPP 81-17402 to the Massachusetts Institute of Technology and
has continued under grant DPP 84-05968 to the Institute of
Geophysics, University of Texas at Austin. Hugh Bergh is sup-
ported by the South African Scientific Committee for Antarctic
Research and the South African National Committee for
Oceanographic Research. Peter Barker is supported by the Brit-
ish Antarctic Survey at the University of Birmingham, United
Kingdom.

Figure 3. Marine magnetic anomalies collected on R/V Aguihas
cruise 039, lines 11, 13, and 15. Anomaly identifications made by
Hugh Bergh.
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Figure 2. Map of the far South Atlantic showing the Agulhas magnetic bight, and the Maud Rise magnetic bight. The 4,000-meter contour Is
shown as a thin line. Known spreading centers are indicated by hatched lines. Short, medium-weight lines are "identified" magnetic anomalies.
Long, medium-weight lines or long dashed lines are lineations taken from SEASAT-derived geoid maps presumably representing approximate
locations of fracture zones. Heavy-weight lines indicate magnetic anomalies formed at the ridge-ridge-ridge triple junction. Anomaly numbers
with question marks were predicted anomaly locations based on our model. Dashed line with triangles indicates the subduction zone along the
South Sandwich Trench. Shaded areas show ridge jump components. Box indicates location of figure 3. ("MR" denotes "Maud Rise:' "AP"
denotes "Agulhas Plateau:' "FAFZ" denotes "Falkland-Agulhas fracture zone:')
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In a continuing effort to understand more fully the pal-
eoecology of high-latitude planktonic foraminifera (Healy-
Williams, Williams, and Ehrlich 1983; Pharr, Williams, and
Healy-Williams 1983), a detailed morphometric and isotopic
study was conducted on populations of Globorotalia trun-
catulinoides from core-top samples from the southern Indian

Ocean. Recently new techniques have been developed for de
scribing precisely the shape outline of microfossils. Use of thes
quantitative methods and automated digitizing instrument
makes it possible to produce rapidly the data necessary to tes
hypotheses concerning the paleobiology and paleoecology o
microfossils.

The results of this study demonstrate for the first time that th
assumption of unimodality in population structure may lead t
an oversimplified understanding of the changes in fo -
aminiferal populations through time and space (i.e., latitudin 1
changes in distributions and vertical changes in the water co -
umn). For example, the population structure of G. tru -
catulinoides in the southern Indian Ocean is bimodal to pol -
modal, reflecting the existence of three subpopulations. Eadh
subpopulation has a particular shape and isotopic character.
Each subpopulation or morphotype occupies a distinct niche
within the water column, and the predominance of each mor-
photype varies with latitude as the physiochemical parameters
of the water column change with latitude and water-mass prop-
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