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Small-scale surface stirring and frontogenesis
_ in the subtropical convergence of the western North Atlantic

by Arthur D. Voorhis! and John G. Bruce!

ABSTRACT

Direct observations of surface fronts in the subtropical convergence of the western North
Atlantic have been made from rapid and densely sampled XBT surveys and by tracking sur-
face drogues. Their rapid formation (one or two days) and the temporal and spatial variation
of frontal currents suggests that ageostrophic motions are crucial in the frontogenic process,
in ‘agreement with theoretical models. Frontogenesis occurred along the boundaries of small,
shallow, but intense cyclones and anticyclones which grew from disturbances along the
periphery of a mesoscale cool tongue of surface water of northern origin. The observed scale
cascade resembles that due to instabilities in rotating tank experiments, and suggests that this
process could be important in lateral stirring and mixing and in releasing the potential energy
stored in the upper layers of the subtropical convergence by the large-scale atmospheric forcing.

1. Introduction

During the winter, cold air masses moving off the North American continent
cool large areas of the northwestern Sargasso Sea and reduce the stratification in
the upper 100 to 200 m. This water is separated from warmer, lighter and more
stratified surface water to the south by a transition zone between 20N and 30N
called the subtropical convergence. Observations clearly show (Voorhis, 1969;
Katz, 1969) that the near-surface water within the zone is. frequently and dramati-
cally modified by fronts.

A front appears as a long, narrow, boundary separating surface water masses of
differing temperature, salinity, density, which can be tracked along the sea surface
for 100 km or more. On the surface the width of the boundary is quite small,
usually of the order of 100 m. Beneath the surface the boundary slopes downward
under the lighter water mass and becomes level at depths of 50 to 150 m in a
distance of the order of 10 km from the surface expression. One of the most
important features of these fronts is the unusually intense surface jet which flows
along the boundary in approximate geostrophic equilibrium with a cross-frontal
pressure gradient set up by higher sea level on the less dense side of the front.
Surface current speeds of 50 to 80 cm/sec are not unusual.
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