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ABSTRACT

In this paper a mechanism is proposed which could be responsible for the formation of sharp horizontal
density gradients such as those observed in shallow seas, from fluid which initially has weak horizontal
density gradients. The sharp density gradients result from the mutual intrusion of several stratified bodies
of water which were exposed to various degrees of vertical mixing for a limited amount of time. The
dynamics of the intrusion are examined by a simplified nonrotating, frictionless multilayer model. The
results are compared quantitatively to laboratory experiments and qualitatively to field observations.

The theoretical model contains an upper and lower portion, each of which consists of several bodies
of fluids with different densities corresponding to various degrees of mixing. It predicts that in both
the upper and the lower portions, fluids which were exposed to intermediate mixing sink rapidly from
the surface, rise from the bottom, and after a finite amount of time concentrate in mid-depth. This
results in a formation of density discontinuities (fronts) near the surface, bottom, and in the boundary
between the upper and the lower portions.

Rotation is excluded from the simplified model, but it is expected that mutual intrusion will take place
even if rotation is included, provided that the flow is not in an exact geostrophic balance. The theo-
retical predictions were tested in the laboratory in a tank which contained several bodies of water with
different densities separated initially by a number of gates. The experimental results compare favorably
with the theoretical predictions. Observations which suggest the existence of mutual intrusion in frontal
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zones are discussed.

1. Introduction

Fronts represent regions of extremely high hori-
zontal gradients of temperature or salinity (or both)
and their importance as a physical process in the
ocean has been summarized by Mooers (1978). Re-
cent studies have drawn attention to frontal struc-
tures occurring in estuaries (Klemas and Polis, 1977)
and on the continental shelves (Simpson et al.,
1978; James, 1977).

Estuarine and shelf fronts differ from each other
in several respects. Estuarine fronts are usually as-
sociated with sharp salinity gradients and may have
a length scale of 1-10 km, while shelf fronts are
usually associated with strong temperature gradients
and may have a length scale of 100 km. Although
there are differences between these two classes of
fronts, both are reported to be associated with re-
gions of shoaling and tidal motion (see, e.g.,
Simpson and Hunter, 1974; Officer, 1976). Simpson
and Hunter (1974) pointed out that the location of
shelf fronts is associated with a depth where the
parameter h/v® (where h is the water depth and v
the amplitude of the tidal current) reaches a certain
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value. They suggested that the fronts are produced
by tidal mixing and that at the frontal boundary there
is an abrupt transition between a vertically. mixed
domain on the shallow region and stratified on the
deep. For such fronts Fearnhead (1975) derived a
‘“stratification parameter’ from consideration of the
tidal power required to mix a given body of fluid.

An example of a shelf front is given in Fig. 1,
which shows that the front consists of a sharp hori-
zontal density gradient- and that a bottom front is
associated with the surface front. A similar density
structure has been recently observed in the Haro
Strait (British Columbia), whose main circulation is
of the estuarine type.? Since both shelf and estuarine
fronts are associated with areas of shoaling and both
may have a density structure similar to the one
shown in Fig. 1, it is possible that they are generated
by similar mechanisms.

Typical frontal widths are ~1 km for shelf fronts
and a few meters for estuarine fronts, while the bot-
tom slope length scale (L, Fig. 2) is usually much
larger, typically ~10 km and ~1 km for shelf and
estuarine fronts, respectively. That is, for both
classes of fronts, the bottom slope length scale is

% These observations are presently being analyzed and will
be reported elsewhere.






