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On the Variability of Southern Ocean Front Locations Between
Southern Brazil and the Antarctic Peninsula
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A 4-year expendable bathythermograph data set (1984-1987) from the area between southern Brazil
and the Antarctic Peninsula provides information on the interannual variability of front locations. Two
boundaries of subtropical water at different depths are identified north and south of the Brazil Current—
Falkland (Malvinas) Current confluence zone. The northern Subtropical Front is displaced over a large
part of the Argentine Basin from one observational period to the other. The shallow southern Subtropi-
cal Front appears fixed to the Falkland Escarpment. The Polar Front and Subantarctic Front locations
do not vary much, except for one case where a cold core eddy in the Polar Frontal Zone causes a large

northward displacement of the Subantarctic Front.

INTRODUCTION

The Southern Ocean contains several thermohaline fronts.
Among them the Antarctic Polar Front (Antarctic Conver-
gence) and the Subtropical Front (Subtropical Convergence)
have long been recognized [ Brennecke, 1921; Meinardus, 1923;
Deacon, 1937; Schott, 1943]. More recent observations with
mesoscale resolution, particularly from field experiments
during the International Southern Ocean Studies program,
indicate that narrow current bands with ~ 50-km horizontal
extension are related to the fronts in the Drake Passage
[Baker et al., 1977; Nowlin et al., 1977; Nowlin and Clifford,
1982]. 1t has also been demonstrated that there are large
space-time variations in the frontal locations and that the
related meandering currents shed vortices into the neighbor-
ing zones [ Mackintosh, 1946; Joyce and Patterson, 1977; Le-
geckis, 1977; Gordon et al., 1977, 1978; Peterson et al., 1982]
(see also Bryden [1983]). The following fronts and water mass
zones have been described [World Climate Research Pro-
gramme, 1985], from north to south (Figure 1): Subtropical
Front (STF), Subantarctic Zone (SAZ), Subantarctic Front
(SAF), Polar Frontal Zone (PFZ), Polar Front (PF), and Ant-
arctic Zone (AAZ). The region to the east of Drake Passage is
of particular interest. The northern part of the Antarctic Cir-
cumpolar Current, after leaving the Drake Passage, turns
northward to flow as the Falkland (Malvinas) Current
[Deacon, 1937], which meets the southward flowing Brazil
Current. Strong eddy activity is found in this confluence zone
[Legeckis and Gordon, 1982; Gordon and Greengrove, 1986;
Roden, 1986].

To study the spatial and interannual variability of upper
ocean temperature in the southwestern Atlantic, expendable
bathythermograph (XBT) sections from four summer seasons
are used here. These sections extend from southern Brazil to
the Antarctic Peninsula, approximately along the heavy line
shown in Figure 1. After describing the data set, changes in
front locations are analyzed.
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THE DATA SET

The observations were performed by the Instituto
Oceanografico da Universidade de Sdo Paulo on R/V Pro-
Jessor W. Besnard during four summer seasons. The positions
of XBT drops are presented in Figure 2, while Table 1 summa-
rizes the cruises and periods. The measurements usually ex-
tended through the upper 750 m. Typical spacing of observa-
tions was 20 nautical miles (37 km). Where fronts were ex-
pecied, ihe distance was reduced to approximately 10 nautical
miles (19 km). Some of the earlier data were presented in
sections by Ikeda et al. [1986]. For the present study the data
have been further quality controlled, spikes being removed by
median filtering and all data points exceeding 750-m depth
being deleted.

The four longer-temperature sections and the two sections
across the Drake Passage are presented in Figures 3 to 5.
Those sections lie well east of the continental shelf in the
Argentine Basin and therefore east of the northward flowing
part of the Falkland Current. Earlier authors [Reid et al.,
1977; Gordon and Greengrove, 1986] have shown that at their
confluence, both the Brazil and Falkland currents separate
from the continental margin (Figure 1) and that numerous
eddies are found in that region [Legeckis and Gordon, 1982].
Eddy-type variability can also be seen in the northern part of
the longer sections, i.e., in the Argentine Basin.

THE VARIABILITY OF FRONT LOCATIONS

Several regions with large horizontal temperature gradients
can be seen in the sections. A complicated pattern exists in the
Argentine Basin, the transition zone between the subtropical
source water region with predominantly downward heat and
salt fluxes and the subpolar source water region with predomi-
nantly upward heat and salt fluxes. The thermohaline front on
the subtropical water side of this zone was earlier named
Brazil Current Front (BCF) and can be traced approximately
by the positions of the 10°C isotherm and 34.8 isohaline be-
tween 300 and 500 m [Roden, 1986; Gordon and Molinelli,
1982]. In addition, we find another thermal front (haline
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Fig. 1. Surface regimes of the Southern Ocean [after World Climate Research Programme, 1985]. Position of the
Subtropical Front is after Deacon [1982]; locations of the Subantarctic and Polar fronts are modified from a figure by
Clifford [1983]. The approximate position of the long sections discussed in the present study is given by the heavy line.
Bands with arrows indicate schematically the baroclinic flow according to Gordon and Greengrove [ 1986].

gradient not measured here) in the near-surface water which

appears to be confined to the region near the Falkland Es-
carpment. We therefore call it the Falkland Escarpment Front |g
(FEF). Temperature gradients further south at the Antarctic
Polar Front (PF) and the Subantarctic Front (SAF) are less
strong, and salinity sections would be important in locating
the fronts. Since salinity data were not available here, we

follow proposals in earlier investigations for obtaining the [40
positions of these two fronts from temperature alone. The
following criteria will be used in locating the four fronts to be
discussed here:

1. BCF is the Brazil Current Front, the southern bound-
ary of the warm Brazil Current water: 10°C at 300 m (10°C
between 300 and 500 m according to Roden [1986]).

2. FEF is the Falkland Escarpment Front, a surface layer
thermal front: 10°-12°C at 30 m.

3. SAF is the Subantarctic Front: 3°-5°C at the depth
selected for determining PF [Sievers and Emery, 1978].

4. PF is the Polar Front: 1°-2°C at depth of temperature
minimum [ Botnikov, 1963], here about 200 m.

High-gradient regions in the temperature range 10°-12°C
between the BCF and FEF are observed and are assumed to
be associated with mesoscale eddies or meanders originating
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Fig. 2. (opposite) Positions of XBT drops on R/V Professor W. R Vzd

Besnard tracks between Southern Brazil and the Antarctic Peninsula

and across the Drake Passage. The observations come from summer > 1986 ﬁg

seasons, the years of which are indicated in the lower left corner. » 1987 @;é!/

Refer to Table 1 for more details. Bold letters denote end points of ol
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vertical sections shown in the following figures.
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TABLE 1. Summary of Cruises and Observational Periods
Cruise Number of
Proantar XBT Drops Period Area
II 24 Feb. 2-9, 1984 Drake Passage
II 79 Feb. 25-March 3, 1984 Scotia Sea, Argentine Basin
111 84 Jan. 12-19, 1985 Argentine Basin, Scotia Sea
I 46 Feb. 15-17, 1985 Drake Passage
v 40 Jan. 20-26, 1986 Argentine Basin, Scotia Sea
v 76 March 12-20, 1987 Scotia Sea, Argentine Basin

in the confluence region [Legeckis and Gordon, 1982]. The
locations of the PF, SAF, FEF, and BCF obtained with the
above criteria are indicated by arrows in the sections in Fig-
ures 3 to 5 and are summarized in Figure 6 and Table 2. The
largest changes are apparent in the position of BCF repre-
senting the southwestern edge of the Brazil Current. Since the
boundary between the Falkland and Brazil currents is orient-
ed mainly north-south in this region (Figure 1), large north-
south variations in BCF locations along these sections can
occur owing to slight east-west shifts of this boundary. The
range of meridional displacements in the observations from
four years is ~620 km. A much smaller varjability occurs at
the FEF, where a meridional range of only ~ 160 km is ob-
served. This front, representing the southern boundary of a
shallow warm layer, is always found above the northern slope
of the Falkland Plateau, apparently related to a topographi-
cally controlled flow of the Falkland Current in this area. The
maximim width of the eddy and meander activity zone be-
tween the BCF and FEF is more than 1000 km, much larger
than the typical meander amplitudes of ~200 km given by
Legeckis [1977] and Roden [1986]. The Subantarctic and
Polar fronts are both observed to migrate over a range of
~160 km. Mackintosh [1946] and Botnikov [1963] found
similar or larger ranges.

A CoLD Core EpDY IN THE POLAR FRONTAL ZONE

It is well known from other parts of the ocean that me-
andering currents frequently shed vortices, either as cold core
or as warm core eddies. As mentioned above, earlier observa-
tions in the Brazil Current—Falkland Current confluence zone
have produced evidence of major eddy production in the area.
Also, meandering of both the Subantarctic and Polar fronts is
evident in earlier data, and the importance of such fluctu-
ations for poleward heat transport was discussed by Bryden
[1979]. However, observations of single eddies have been
rather scarce. Joyce et al. [1981] described the development of
a cold core cyclonic ring in early 1976 from a Polar Front
meander in the Drake Passage, drifting in a northeastward
direction through the Polar Frontal Zone after formation.
With CTD data available, they were able to estimate its heat
and salt content anomalies, the available potential and kinetic
energies, and the distribution of potential vorticity. Peterson et
al. [1982] analyzed a similar cold core cyclonic ring originat-
ing [rom the Polar Front area in early 1979. At the end of the
observational period, the ring had crossed the Polar Frontal
Zone and appeared to be pushing through the Subantarctic
Front. Again, they were able to determine heat and salt con-
tent anomalies. Including the one described by Peterson et al.
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Fig. 3. Temperature section S—N (see Figure 2) from XBT observations in February/March 1984 and January 1985. Tick
marks indicate positions of XBT drops. Positions of fronts are given by arrows and [ront abbreviations.
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Fig. 4. Temperature section S—N (see Figure 2) from XBT observations in January 1986 and March 1987. Tick marks
indicate positions of XBT drops. Positions of fronts are given by arrows and front abbreviations.

[1982], Hofimann and W hitworth [1985] observed three cold
core eddies within the Drake Passage in a 1-year period.

A similar cold core eddy in the Polar Frontal Zone is found
in our data from the Drake Passage (Figure 5). Selected tem-
peratures inside the cold core are found at deeper levels than
farther south, and surface temperatures correspond to those at
the northern side of the Polar Front. This is suggestive of a
broken-off eddy and not a meander. Since we do not have
salinity data from this section, we can only compare the scales
with earlier observed eddies. Joyce et al. [1981] gave a typical
ring diameter of 60 to 80 km, defined by the 4°C isotherm at
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the surface. The cold core, delineated by the 2°C isotherm in
their sections, had a width of about 80 km, extending verti-
cally from ~100 to ~500 m. Peterson et al. [1982] gave a
diameter of 100 km for the 4°C isotherm at 150 m, and from
their plots we obtain a width of ~80 km for the 2°C isotherm
at the same depth. The 2°C isotherm in our observations
reaches from ~100 to ~450 m and has its largest horizontal
extension at ~200-m depth with ~70 km. Thus horizontal
and vertical scales from these different observations are in
good agreement. However, since we do not know whether our
section cuts through the center of the eddy, the scales ob-
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Fig. 5. Temperature sections S-D (see Figure 2) from XBT observations in February 1984 and February 1985. Tick
marks indicate positions of XBT drops. Positions of fronts are given by arrows and front abbreviations.
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Fig. 6. Sections of this study with locations of fronts indicated for
the different years.

served here are lower limits. The Polar and the Subantarctic
fronts are separated by a larger distance than usual, ~250 km
in our observations.

CONCLUSIONS

Two thermal fronts are identified at the Brazil Current—
Falkland Current confluence zone. The Brazil Current Front
restricts the warm subtropical water to the northern side,
while the Falkland Escarpment Front indicates the boundary
between the cold Falkland Current Water and the warmer
near-surface water in the confluence zone. The Brazil Current
Front displays a large variability in its location, while the
Falkland Escarpment Front appears fixed to a narrow range

TABLE 2. Latitude (South) of Front Locations: Polar Front
(PF), Subantarctic Front (SAF), Falkland Escarpment Front
(FEF), and Brazil Current Front (BCF)

Year
Front 1984 1985 1986 1987
Sections Across Southern Brazil-Antarctic Peninsula
BCF 44°01’ 38°26’ 39°02' 40°09'
FEF 4821’ 47°57' 47°34' 49°18’
SAF 55°02' 56°21' 55°48' 55°45'
PF 55°18' 56°29’ 56°04' 56°24'
Sections Across Drake Passage
SAF 55°16' 58°15’
PF 57°39’ 59°07'
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at the slope between the Falkland Plateau and the Argentine
Abyssal Plain. The locations of the Polar and Subantarctic
fronts on the long sections at similar longitudes do not vary
much during the 4 years of observations. On a short section in
the Drake Passage the Subantarctic Front appears displaced
considerably to the north, in comparison with a typical posi-
tion, owing to the existence of a cold core eddy with a ring
diameter of ~ 70 km in the Polar Frontal Zone.
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