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Figure 2. Bathymetry and sediment isopach map of the eastern part
of the central Bransfield Strait basin. The sediment cover thickens
toward the south of the basin. The acoustic turbidity pattern deline-
ates the area of hydrothermal activity and submarine volcanism in
the basin. Fresh glassy pillow basalts were dredged from the sur-
rounding extrusions; hydrothermal petroleum was detected in all
cores taken from this area; normal faults develop along the southern
margin of the basin. From Han and Suess (in preparation).

In pore fluids of the basin sediments the major seawater
cations characteristically deviate from those in fluids unaffected
by hydrothermalism. We think that an overall hydration reac-
tion involving volcanic glass and pore fluids leads to uptake of
dissolved magnesium, the release of calcium, and a significant
increase in chlorinity of the pore fluids. This anomalous dis-
solved chloride pattern has been used to delineate the rate and
flow direction of the hydrothermal circulation cell in the
Bransfield Strait sediments. Submarine volcanic activity related
to back-arc rifting appears to drive a fluid circulation cell by
thermal input. The horizontal fluid pathways are preferentially

Figure 3. Dissolved manganese in the water column; the dashed line
delineates background manganese of Bransfield Strait waters (Sta-
tions 282, 279). At station 301 the lower portion of a hydrothermal
plume was encountered drifting off the submarine volcano; at other
stations manganese input from the seafloor is evident (for locations
see figure 2).

through turbidite layers. The discovery of fresh pillow basalts
and the distribution pattern of dissolved helium and man-
ganese in the water column has helped to localize the centers of
active submarine volcanism. These tracers will be used as well
for flux estimates of hydrothermal input to the basin.

This work was supported in part by National Science Founda-
tion grant DPP 85-12395, Office of Naval Research grant
N00014-84-C-0218, and by a grant from the Oregon State Uni-
versity Foundation.
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Evolution of the Scotia Ridge:
Orogenic processes at convergent

plate boundaries

IAN W.D. DALZIEL

Institute for Geophysics
University of Texas at Austin

Austin, Texas 78759

Field work in the 1986-1987 season involved studies of the
Elephant Island group subduction complex, South Shetland
Islands, and of the high-grade metamorphic rocks of Cordillera
Darwin in the southernmost Andes. In addition, a single-chan-
nel seismic survey was undertaken using RIv Polar Duke. This
survey concentrated on the Hero fracture zone, its termination
at the South Shetland Islands fore-arc adjacent to the Smith
Island subduction complex, and the southwestern end of the
Bransfield trough back-arc basin.

I.W.D. Dalziel and A.M. Grunow completed field studies on
Elephant Island and Clarence Island that form the background
for new laboratory studies of the subduction and uplift pro-
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cesses along the Antarctic Peninsula margin. Argon-40/ar-
gon-39 age spectrum studies have already indicated a Paleozoic
age for the blue schist metamorphism on Smith Island
(Grunow, Dalziel, and Harrison 1987), but no ages older than
late Mesozoic have been obtained from the Elephant Island
group. The seismic reflection profiles show a complex zone of
deformation in the fore-arc region between Smith Island adja-
cent to the termination of the Hero fracture zone. This could be
related to the localized uplift of the subduction complex rocks
forming the island.

The field work in Cordillera Darwin conducted during May
1987 by Daiziel and R. L. Brown of Carleton University, Ottawa,
Ontario, Canada, provided strong evidence that the Beagle
Channel marks the trace of an oceanward dipping low-angle
normal fault, the Beagle Channel detachment. The presence of
the fault is indicated by ductile footwall fabrics and brittle hang-
ing wall structures. Both sets deform the Upper Cretaceous
Beagle suite granites and an early Cenozoic age is likely for the
main displacement. Thus Cordillera Darwin is a tectonically
denuded metamorphic core complex similar to the Shushwap
complex of British Columbia and other complexes along the
Pacific margin of the North American craton. It is, however,
unique in the Andes (Dalziel and Brown 1987).

Laboratory studies have continued based on earlier field
work in the project. The first direct radiometric dates have been
obtained from the Rocas Verdes ophiolitic rocks of the south-
ernmost Andes. Zircons from the Larsen Harbour Formation of
South Georgia collected on a cruise of iIv Polar Duke in 1985
yield internally concordant lead-207/uranium-235 and lead-206/
uranium-238 ages of close to 150 million years (Mukasa, Dalziel,
and Brueckner 1987). Paleomagnetic data obtained from sam-
ples collected on the same cruise indicate, as expected, that
South Georgia has not changed latitude since the mid- to Late

Cretaceous. The data do, however, suggest a counter clockwise
rotation of 30±23 degrees since that time (Beaver, Dalziel, and
Kent 1987).

Finally, laboratory studies of material and data collected on
earlier cruises have revealed crossite in the metamorphic rocks
of the Diego Ramirez Islands, southernmost Chile. This
provides a link with the subduction complexes of the South
Shetland Islands (Wilson et al. 1987).

This research was supported by National Science Foundation
grant DPP 86-43441.
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Field work in the Joint United States/United Kingdom West
Antarctic Tectonics Project during the 1986-1987 season was
limited to aeromagnetic flights flown by a British Antarctic

Survey Twin Otter aircraft with fuel supplied by usAI at Siple
Station. The area of operation was between the Bellingshausen
Sea and the Ronne Ice Shelf. Approximately 15,000 kilometers
of track was flown with spacing of 20-25 kilometers. The result-
ing data will allow further evaluation of the sub-ice geology and
crustal structure of the Antarctic Peninsula, Thurston Island,
Ellsworth-Whitmore Mountains, and Haag Nunataks blocks of
West Antarctica.

Reduction of data from earlier work, obtained as part of the
same project, has resulted in a regional magnetic anomaly con-
tour map of the Ellsworth-Thiel Mountains sub-ice ridge con-
toured at 25-nanoTesla intervals. The regional magnetic field of
this area is generally flat reflecting the thick sequence of Pal-
eozoic sediments exposed in the Ellsworth Mountains. Anoma-
lies of 500 nanoTeslas amplitude and 30 kilometers wave length
are present, however, extending from over 100 kilometers along
strike. These anomalies attain their greatest expression over
exposures of granite and gabbro in nunataks such as Pagano
Nunataks and the Hart Hills respectively, and are attributed to
large bodies of mafic composition at mid-crustal depth (Garrett,
Maslanyj, and Danaske in press). The field setting and geo-
chemical data indicate that these igneous rocks are not related to
either subduction or continental collision but rather represent
the products of a major thermal event associated with, and
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