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Traditional antarctic intermediate water (mw) formation
theories conclude from the shoaling or surfacing of isopyc-
nals commonly associated with the AAIW salinity-minimum
core that the surface waters in the vicinity of the Polar Front
are sinking and spreading northward and thus are the ulti-
mate source of AA!W (Sverdrup et al., 1942). Recently, a new
school of thought has emerged: McCartney (1977) has pro-
posed that AAIW is merely the coldest/freshest variety of sub-
antarctic mode waters (sAMw) formed by late winter convec-
tion north of the Polar Front in the southwest Pacific, Drake
Passage, and Scotia Sea.

Modal properties of AAIW have been obtained from bivari-
ate distribution diagrams constructed for a region in the
southwest Atlantic and another in the southeast Pacific
(figures 1, 2, and 3). The distribution of deep waters is not il-
lustrated. Class intervals that contained no water are blank,
while those with significant volumes (less than .05 percent are
represented by dots. All volumes are expressed in thousands
of cubic kilometers.

In the southeast Pacific section (figure 2), the surface
water temperatures range from 6 to 8°C, and salinities are
less than 34.3 per mill. The bivariate distribution is domi-
nated by waters having potential temperatures between 3.0

and 6°C and salinities between 34.1 and 34.32 per mill.
These waters can be identified as intermediate waters. The
aggregate volume of these waters comprises 21 percent of
total water in this region. A subset of 10 individual modes
(3.8 to 5.2°C, 34.2 to 34.26 per mill), each of which contains
more than .5 percent of the total volume, comprises nearly
one-half of the AAIW volume in this region. The large volume
mode at 3.4 to 3.6°C and 34.28 to 34.30 per mill is similar in
temperature but saltier than the AAIW in the southwest Atlan-
tic. Perhaps this mode represents Atlantic iviW that has been
advected by the Antarctic Circumpolar Current but modified
by vertical and/or horizontal mixing.

In the southwest Atlantic sector (figure 3) the surface
waters appear as a cluster of small volume modes warmer
than 7°C and saltier than 34.10 %. Because surface waters in
the southwest Atlantic are somewhat saltier than those in the
southeast Pacific sector, the intermediate waters in the Atlan-
tic (2.2 to 6°C and 34.10 to 34.3 per mill) appear to be
characterized by a better defined salinity minimum.
However, no single mode exceeds .5 percent of the total
volume, and the total percentage of AAIW in the region is only
12. This is only half that found in the South Pacific sector but
is due in part to the increased average depth of this region
(4.5 vs. 3.5 kilometers) and the increased volume of the deep
and bottom waters.

From figures 2 and 3 it can be seen that the AA!W of the
Atlantic is nearly 1°C colder than the AAIW in the southeast
Pacific sector. If McCartney's (1977) AAiw formation hy-
pothesis is correct and there are no secondary sources ofiw
in the south atlantic, then the difference in temperature (and
thus heat content) between the AA!W of the southwest Atlantic
and the Amw (or the coldest SAMW) of the southeast Pacific
must be attributed to vertical processes occurring in the
Drake Passage and western Scotia Sea.

The heat content difference implies that a substantial heat
loss occurs as the SAMW traverses the Drake Passage and
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Figure 1. Geographic loca-
tion of the two regions for
which the modal properties
of AAiw have been deter-
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Figure 2. Volumetric census for the southeast Pacific region
Identified with Pacific Amw. Volumes are in thousands of
cubic kilometers; dots signify volumes less than .05 percent;
hatched lines enclose potential temperature salinity class in-
tervals with volumes greater than .05 percent of the total

water volume in the region, 9815 x 1,000 cubic kilometers.

Scotia Sea. Assuming that the poleward heat flux at the
northern boundary, compared with the southern boundary,
of the SAMW is small and that the heat flux to the atmosphere
is much greater than the flux from the deep waters, then a
heat loss for the SAMW's can be calculated, which is the result
of a poleward and/or a heat flux to the atmosphere. These
heat fluxes can be compared with recently derived poleward
heat flux due to low frequency motions of the Antarctic Cir-
cumpolar Current (Bryden, 1978) and the heat flux to the at-
mosphere (Bunker, personal communication). From these
comparisons it appears that both the poleward and the heat
flux to the atmosphere are of the right order of magnitude,
but a factor of two too small, to account for the observed tem-
perature difference between Atlantic and Pacific AAIW. These
results must be considered preliminary because of uncertain-
ties in the actual winter hydrographic and atmospheric condi-
tions and the lack of true heat flux divergence measurements.
Thus it appears possible that the Atlantic AAIW derives from
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Figure 3. Volumetric census for the southwest Atlantic region.
Volumes are in thousands of cubic kilometers; dots signify
volumes less than .05 percent; hatched lines bound volumes
In excess of .5 percent of the total water volume in the region,

8996 x 1,000 cubic kilometers.

the southeast Pacific SAMW; but the relative importance of
cross-frontal mixing or the sea-air heat exchange is not yet
clear.
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South Atlantic oceanography	From November 1976 to May 1978 ARA Islas Orcadas made
four cruises into the Atlantic sector of the Southern Ocean to
perform hydrographic stations. These cruises are a compo-
nent, perhaps the final component, of the circumantarctic

ARNOLD L. GORDON	 survey begun in 1962 by the same ship, then USNS Eltanin.
The South Atlantic sector remained the most extensive gap in

Lamont-Doherty Geological Observatory	 coverage by modern hydrographic stations. The 250 hy-
of Columbia University	 drographic stations obtained during the four ruises (see

Palisades, New York 10964	 figure) do much to fill the void.
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