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The kinematic and thermohaline zonation of the
Antarctic Circumpolar Current at Drake Passage

by Worth D. Nowlin, Jr.* and Melody Clifford*

ABSTRACT

The waters of the Antarctic Circumpolar Current at Drake Passage show mesoscale horizon-
tal zonation into four water mass regimes horizontally separated by three fronts. Vertical
profiles of T, S and O: on opposite sides of each front are described and compared. Although
the surface waters are significantly different across fronts, the vertical profiles from the same
side of a specific front are remarkably uniform from year to year and from cruise to cruise.
Comparing property values at specific depths across the fronts shows an offset of 500 to 1000 m
in the depth at which a particular value is found. To a first approximation, the fronts may be
considered to be current cores with large vertical shears of horizontal velocity associated with
horizontal gradients in the depth of density surfaces.

The widths, vertical shear of through-passage speeds and relative geostrophic transports asso-
ciated with the fronts are investigated based on hydrographic station data and XBT temperature
data, collected principally in the summer season. The average observed widths as measured
across Drake Passage are 51, 61 and 39 km for the Subantarctic Front, Polar Front and
Continental Water Boundary; the respective minimum observed widths are 37, 30 and 20 km.
This southward decrease in the minimum observed width seems associated with the coincident
decrease in vertical stability; the minimum core widths are slightly greater than twice the local
Rossby radius of deformation for the first baroclinic mode.

Vertical shears of geostrophic through-passage speed are presented for the three fronts. Com-
paring speeds relative to 2500 m at specific depths shows the smallest values at the Continental
Water Boundary. Below 200 m the speed decreases monotonically with increasing depth at each
front. The main pycnocline is found higher in the water column as one proceeds to the south;
consequently, the decrease in speed with depth is more pronounced at shallower depths for the
fronts located farther south.

The geostrophic mass transport of the Subantarctic Front is greater than for the Polar Front,
which is greater than for the Continental Water Boundary. The transports associated with the
three fronts account for approximately 75% of the total baroclinic transport relative to 2500 m
while the fronts occupy only 19% of the width of Drake Passage.

Meridional zonation seems to exist throughout the Antarctic Circumpolar Current. Fronts
analogous to those in Drake Passage are found south of Africa and south of Australia.
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