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Deep and bottom water in the Charlie-Gibbs Fracture Zone!

by J. G. Harvey*

ABSTRACT

Historical temperature and salinity data from the Charlie-Gibbs Fracture Zone, including
some 100 occupations of OWS “Charlie” between 1964 and 1973, have been examined. The
spatial distribution of the value of the deep salinity maximum is consistent with the core of
Iceland-Scotland overflow water passing westward through the Fracture Zone in the depth in-
terval 2500 to 3000 m. The seasonal and year-to-year variations in the value of this salinity
maximum are each found to account for only a small part (about 10%) of its total variance.
The density field indicates an increasing horizontal pressure gradient force toward the east be-
low some 3000 m, but the distribution of bottom water characteristics provides no evidence of
eastward flow in the deepest layers.

1. Introduction

Most, if not all, of the Norwegian Sea deep water which overflows the ridge be-
tween Iceland and Scotland flows to the south along the eastern flank of the
Reykjanes Ridge after being deflected to the right by the Coriolis effect (Worthing-
ton and Volkmann, 1965). Despite mixing with other water masses, notably North
Atlantic water, North Icelandic winter water, Arctic Intermediate water and
Irminger Sea water (Hermann, 1967; Muller et al., 1979) the overflow water retains
its distinctive high salinity (= 34.96%.) at low potential temperatures (< 3.6°C)
(Worthington and Wright, 1970). The shallower components of this overflow water
are able to pass through gaps in the crest of the Reykjanes Ridge which increase in
depth toward the south, but the first passage to the west for water at depths greater
than some 2,500 m is the Charlie-Gibbs Fracture Zone (CGFZ) between latitudes
52° and 53° N (Fig. 1).

The CGFZ comprises two transform valleys or troughs oriented 095°-275° sepa-
rated by a mid-fracture ridge. Profiles along the deepest parts of each of these
troughs and along the shallowest path along the ridge, constructed from published
charts and from the results of recent surveys (Lonsdale and Shor, 1979; Searle,
1979), show maximum depths exceeding 4500 m and sill depths of between 3600
and 3700 m in each trough. The sill of the southern trough occurs near 30W, where
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Figure 1. Topography of Charlie-Gibbs Fracture Zone (contours at 500 m intervals) and se-
lected station positions.
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Figure 1a. Location of Figure 1.

the median valley from the mid-Atlantic Ridge to the south leads into it; that of the
northern trough occurs at about 35W in the region where the less obvious median
valley of the Reykjanes Ridge joins it. The mid-fracture ridge, which has an ex-
tremely irregular profile, does not appear to permit any connection between the
troughs at depths greater than 3300 m between 28° and 37° W.

Worthington and Volkmann (1965), using geostrophic calculations accompanying
direct measurements over periods of about 30 hr, computed the westward transport
of overflow water through the CGFZ in April 1964 as 4.6 Sv. A suggestion, based
on asymmetry in the distribution of drift deposits, that there is an eastward bottom
water flow through the fracture zone below the overflow water (Le Pichon et al.,
1971) was disputed by Worthington and Wright (1971) on the basis of hydrographic
data. Garner (1972) made near bottom current measurements for a period of 7 days
in June 1970, and found fairly steady flows on the order of 3 cm s—* to the west at
50 m and 650 m above the bottom in both troughs when a semi-diurnal component



























