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[1] Labrador Sea Water (LSW) property variations are analyzed using the data from six
hydrographic sections occupied in 1991-2004 in the southern Irminger Basin between
Cape Farewell and the Reykjanes Ridge. From 1991 to 1996, the LSW layer became
steadily colder and fresher. The decrease in salinity of the LSW detected in 1994 was
caused by the local convection, reaching into the weakly stratified layer of LSW advected
from the Labrador Sea. Another indication of local deep convection is in the lateral
distribution of dissolved oxygen concentrations in the LSW layer (~1000—-2000 m)
obtained in 1997 from the section across the Labrador Sea and four sections running
~100, 135 and 180° (true azimuth) from Cape Farewell. A separate lateral maximum of
oxygen content in the LSW layer is revealed in the southern Irminger Sea: the
concentrations increased from the Labrador Sea eastern edge toward the Irminger Sea
rather than the reverse, as would be expected if there was no local modification of LSW via
deep convection. Since 1996, the two-modal structure of LSW has been observed in the
Irminger Basin. The upper mode of LSW detected in 1996 was formed in situ; during the
winter of 1996/1997, the upper mode was locally renewed. From 1997 to 2004, the
temperature and salinity signatures of the deeper mode considerably eroded due to the lack
of the renewal of the deeper LSW reservoir in the Labrador Sea, while the annually renewed

upper mode, on the contrary, became more pronounced in the property patterns.
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1. Introduction

[2] According to the contemporary notion, Labrador Sea
Water (LSW [e.g., Lazier, 1973]) is formed both in the
Labrador Sea and in the Irminger Sea [Pickart et al., 2003a,
2003b].

[3] Formation of LSW in the Labrador Sea occurs due to
a strong wintertime cooling of the surface waters, which is
caused by the transport of cold polar air from the Canadian
landmass toward Greenland [Bumpke et al., 2002]. The cold
dense surface water loses buoyancy and overturns forming a
weakly stratified cool, fresh, nutrient-poor and oxygen-rich
intermediate water mass. Intensity of the deep open-ocean
convection and thus the LSW formation rate depend on the
severity of the winter [Curry et al., 1998; Pickart et al.,
2002]; the depth of the convectively mixed layer varies
from less than 1000 m to 2300 m [Lazier et al., 2002]. The
LSW formation rates estimated in a number of studies
[Worthington, 1976; Clarke and Gascard, 1983; McCartney
and Talley, 1984; McCartney, 1992; Speer and Tziperman,
1992; Rhein et al., 2002] are from 2 to 11 Sv.

[4] Properties of LSW in its source region are as well
subject to interannual and decadal variability [Curry et al.,
1998]. During the last three decades (1973—-2000), potential
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temperature and salinity of LSW in the central Labrador Sea
varied in the ranges 2.7-3.4°C and 34.82-34.90, respec-
tively (Figure la, adopted from Yashayaev et al. [2000]).
The most intense production of LSW in the Labrador Sea
occurred in the mid-1970s and in the early 1990s; LSW
formed in 1990—1994 was the coldest and densest for the
last century [Rhein et al., 2002].

[5] LSW spreads from the Labrador Sea by the following
major routes: (1) northeastward into the Irminger Sea,
(2) equatorward as a component of the Deep Western Bound-
ary Current and along the western slope of the Mid— Atlantic
Ridge, and (3) into the eastern North Atlantic at ~48—54°N
over the Charlie-Gibbs Fracture Zone [ Talley and McCartney,
1982; Cunningham and Haine, 1995]. According to the
recent estimates [Sy et al., 1997; Koltermann et al., 1999]
based on the notion that the Labrador Sea is the only source
of LSW, it takes the latter only 6 months to reach the
Irminger Basin.

[6] In the first half of 20th century, the deep open-ocean
convection was also thought to take place east of the
southern extremity of Greenland [Nansen, 1912; Nielsen,
1928; Sverdrup et al., 1942]. Since then, despite of the
evidence supporting this standpoint, southwestern part of
the Irminger Basin has been commonly ignored as a
convection site.

[7] Recently, the hypothesis of LSW formation in the
Irminger Basin was put forward again [Pickart et al., 2003a,
2003b]. The assumption that the additional source of
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