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ABSTRACT

The warm waters of the subtropical and subpolar basins of the North Atlantic have tight regional tem-
perature-salinity relationships, and are conventionally called the regional “Central Waters.” A volumetric
census of the temperature-salinity characteristics of the North Atlantic by Wright and Worthington (1970)
shows that waters characterized by certain segments of the 7-S relationships have large volumes compared
to those of other segments: volumetric “Mode Waters.” Such Mode Waters appear as layers with increased
vertical separation between isopycnals-pycnostads. The present study reports on the existence of pycnostads
in the central and eastern North Atlantic. These Subpolar Mode Waters are formed by deep winter convection
in the subpolar North Atlantic, and participate in the upper water circulation of the northern North Atlantic.
The seasonal outcropping of the pycnostads occurs within and adjacent to the North Atlantic Current, the
Irminger Current, the East and West Greenland Currents, and the Labrador Current. The warmer pycnostads
(10°C <€ T < 15°C) recirculate in an anticyclonic subtropical gyre east and south of the North Atlantic
Current, causing volumetric modes in the central and eastern subtropical North Atlantic. A branch of the
North Atlantic Current carries somewhat heavier and cooler (8°C € T < 10°C) pycnostads northward past
Ireland. The bulk of the current turns westward, but one branch continues northward, providing a warm
core to the Norwegian Current (§°C). Within the main westward flow the density continues to increase and
temperature to decrease. Southeast of Iceland pycnostad temperatures are near 8°C. Following the cyclonic
circuiation around the Irminger Sea west of the Reykjanes Ridge the temperature drops to less than 5°C.
The cyclonic flow around the Labrador Sea gives a final pycnostad temperature below 3.5°C. The last,
coldest, densest pycnostad is the Labrador Sea Water which influences lower latitudes via the southward
flowing, Deep Western Boundary Current along the western boundary, and via eastward flow at mid-depth
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in the North Atlantic Current (Talley and McCartney, 1982).

1. Introduction

The notion that conditions at the sea surface at
high latitudes play a major role in determining the
temperature and salinity characteristics of the deep
and thermocline waters at lower latitudes is an old
idea. It evolved from a simple interpretation of the
earliest measurements of low subsurface tempera-
tures in the eighteenth century. Deep waters must
somehow ‘‘originate” (acquire their coldness) at
higher latitudes [Benjamin Thompson (Count Rum-
ford), 1800]. In the 1930’s a sharper image emerged.
Wiist (1935) discussed a low-salinity layer in the lower
thermocline of the South Atlantic Ocean and intro-
duced the idea that the properties within individual
layers of the thermocline are acquired in specific sur-
face regions: “The vertical structure of the Subant-
arctic Intermediate Water, with its horizontal spread-
ing at depths, is analogous to a vertical figure of the
horizontal arrangement of temperature and salinity
at the surface of the formation region.” Montgomery
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(1938) provided a more formal interpretation using
the meteorological concept of isentropic flow: iso-
pycnal surfaces having a lateral (isopycnal) advective-
lateral diffusive interior region. Non-isopycnal pro-
cesses at edges of an isopycnal act as property source
regions. In application to the tropical North Atlantic
he found the sea-surface outcropping regions to be
the dominant source regions for several isopycnals,
with the isopycnal intersections with the sea floor and
basin edges being secondary in importance.

The Montgomery hypothesis of sea-surface out-
cropping regions as isopycnal sources was further ex-
plored by Iselin (1939). The issue he discussed was
the origin of the temperature-salinity relationship of
the main thermocline in the North Atlantic—the
“Central Atlantic Water” as he earlier named the re-
lationship (Iselin, 1936). His comparisons of higher-
latitude March sea-surface 7/.S data generally yielded
a close correlation with the lower-latitude Central
Water of the western and eastern subtropical ther-
mocline. For example, in the temperature range






