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The influence of the mid-Atlantic Ridge upon the
circulation and the properties of the Mediterranean
Water southwest of the Azores

by Terrence M. Joyce*

ABSTRACT

The warm, salty water influenced by the Mediterranean outflow can be observed at mid-
depth throughout the Central North Atlantic Ocean. Katz (1970) first noted that rather than
a gradual salinity decrease away from the source, large changes were observable over major
topographic features such as the mid-Atlantic Ridge, despite the fact that the topography pre-
sented no direct physical barrier to the core layer. Two mechanisms are considered which can
account for this sub-surface frontal transition: variable eddy diffusivity and horizontal shear
induced by submarine topography. The structure of the actual geostrophic currents and water
masses southwest of the Azores is explored with CTD, XBT, and float data collected in June
1977 aboard the R.V. Knorr. A CTD section normal to and crossing the ridge axis near 35N,
35W shows the thermocline to be domed up 200 m over the ridge axis compared with stations
200 km to either side. At 1000 meters depth a change in salinity of nearly 0.15%. in the
Mediterranean Water is observed to occur over a horizontal distance of 100-150 km, and is
located west of the ridge near 38N and over the ridge axis near 34N. Near this transition two
neutrally buoyant floats were tracked for a period of a day. CTD stations around and over
a float at 810 meters depth showed the temperature and salinity intrusions to persist with
time and horizontal space scales in excess of 15 hours and 4 km. If the currents observed SW
of the Azores are representative of the general circulation of the region, they not only explain
the water mass structure in the thermocline and Mediterranean Water but also point out that
the historical data base of zonal hydrographic sections does not adequately resolve the baro-
clinic structure.

1. Introduction

The influence of the warm, salty water flowing out of the Mediterrean can be
seen throughout the North Atlantic Ocean at depths of 800 to 1500 meters. It was
Katz (1970) who first noted that the decrease in salinity westward from Gibraltar
was not uniform but discontinuous with rapid changes over topographic features
such as the Mid-Atlantic Ridge (MAR) and the Azores-Gibraltar lineament. Katz’s
rendition of the salinity change along density surface of o =27.64 characteristic
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Figure 1. After Katz (1970), the salinity interpolated onto o= 27.64 from hydrographic
sections taken along 40° (upper panel) and 36N.

of the Mediterranean Water core is reproduced in Figure 1 where two east-west
sections of IGY data are plotted. On both sections a salinity change of 0.1-0.2%o
occurs in the vicinity of the MAR. He found no evidence that this was happening
on the 32N IGY section. It is instructive to plot the core salinity in plan view to-
gether with the bottom topography in order to see the extent to which the two may
be related. The salinity anomaly data from Needler and Heath (1975) on a poten-
tial density surface of 27.7 have been overlaid onto the large-scale bathymetry
(after Uchupi, 1971) in Figure 2. Between 34N and 43N the salinity isolines paral-
lel the bottom topography. The overall picture shows a southward slump of the
tongue across the North Atlantic with a tendency for the isolines to be closer to-
gether on the northern flank than on the southern side. Figure 2 supports the
notion that on the northern flank of the tongue, the salinity change is most rapid
over topographic features. Contouring much of the same data on the o, surface
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Figure 2. The salinity anomaly relative to 35.01%, on the potential density surface 27.7 (from
Needler and Heath, 1975) overlaid with Uchupi’s (1971) topography of the North Atlantic,
Dashed line denotes boundary of North African Basin after Wright and Worthington (1970).

32.274 Reid’s (1979) salinity map shows many of the features just described. A
third piece of evidence for the rapid change in properties of the Mediterranean
Water can be found in the volumetric census published by Wright and Worthington
(1970). In Figure 3 a portion of the water mass census is reproduced for the North
African Basin. Points in the T/S diagram containing 50, 75, and 90 percent of the
water volume in this basin are coded in the figure. One observes that a low volumet-
ric region or “hole” in the diagram is present for temperatures and salinities be-
tween 7-9°C and 35.2-35.4%c. This represents a rapid change in properties of the
Mediterranean Water discussed above. Although the warm salty core is shallower
than the MAR over most of the North Atlantic, the topography appears to be in-
fluencing its properties. In the next section simple steady-state models will be dis-
cussed which illuminate mechanisms which can maintain permanent sub-surface
fronts (water mass transitions). Following this, new data collected on a section
across the MAR southwest of the Azores will be presented showing considerable




























































