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Deep and bottom water in the Charlie-Gibbs Fracture Zone1 

by J. G. Harvey2 

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%0) 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 min each trough. The sill of the southern trough occurs near 30W, where 

1 Woods Hole Oceanographic Institution Contribution No. 4456. 
2: School of Environmental Sciences, University of East Anglia, Norwich, U.K. 
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Figure 1. Topography of Charlie-Gibbs Fracture Zone (contours at 500 m intervals) and se-
lected station positions. 

Figure 1 a. 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 z~ne 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-1 to the west at 
50 m and 650 m above the bottom in both troughs when a semi-diurnal component 
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had been removed from the records. Current meters in an array of three moorings 
set in the northern trough in September 1975 and recovered in June 1976 showed 
mean currents on the order of 4 cm s-1 toward the west at depths between 2528 m 
and 4227 m upon which energetic low frequency fluctuations were superimposed 
(Schmitz and Hogg, 1978). 

This paper considers the spatial distribution and temporal variability of the over-
flow water in the CGFZ together with the characteristics and distribution of the 
underlying bottom water. 

2. Data 

Hydrographic data on file at the NODC, Washington, have been used. In order 
to examine the spatial distribution of water properties 112 stations in the area 51 ° -
54° N, 28°-44° W have been selected. The criteria used were: a) the depth to which 
observations were made-more than 2,000 min all cases, and 90% to within 200 m 
of the bottom; b) the spatial distribution of the stations; and c) the quality of the 
data, which was assessed mainly by constructing 0-S plots for all stations. The data 
appear to be satisfactory to within ± 0.015%0 for salinity and better than ±0.1 °C 
for potential temperature. 

Ocean Weather Station "Charlie" (52.75N, 35.5W) is located within the CGFZ 
and temperature and salinity observations have been made by U.S. Coast Guard 
vessels occupying this station between 1964 and 1973. Data from 93 occupations 
of the station, taken as being within the rectangle 52.5°-52.9° N, 35.1 °-35.8° W, 
when observations were made to depths greater than 2000 m, together with data 
from 8 stations occupied by research vessels within this area in 1964 and 1966, 
have been analyzed to assess temporal variation. This rectangle spans the northern 
trough within the region of its sill and the depth of water within it varies from some 
2000 min the NE corner to 3750 m in the axis of the trough. Of the 101 stations 
used 86 reported bottom depths of 3000 m or greater, and at 72 of these stations 
observations were made to 3000 m or deeper. At 66 of the stations observations 
were made with water bottles whereas at the remaining 35 stations, which included 
17 in October and November 1971, STDs were used. No stations are available for 
the year 1965, and only three stations in the month of January and four in February, 
but the stations otherwise provide fairly good coverage throughout the year and for 

the decade 1964-7 3. 

3. Iceland-Scotland overflow water 
Examples of those portions of the 0-S plots for which 0 < 4 °C are presented in 

Figure 2. A salinity minimum exists between 0 = 3.4°C and 3.8°C at each station 
attributable to Labrador Sea Water. The salinity maximum below this is attributable 
to Norwegian Sea overflow water and generally occurs between 2500 m and 3000 m 
depth at o between 2.6 and 3.0°C. In the south-east part of the area, however, it 
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Figure 2. Potential temperature (0)-salinity (S) relationships for six selected stations, (for posi-
tions see Fig. I). 

typically occurs between 3000 m and 3400 m with 0 in the lower part of the range, 
and over the Reykjanes Ridge, where depths are often < 2500 m, it often occurs 
at the deepest observation and 0 is in the upper part of the range. The spatial dis-
tribution of this observed salinity maximum (Fig. 3) is consistent with high salinity 
(> 34.98%0) Iceland-Scotland overflow water from the eastern flank of the Reykjanes 
Ridge flowing westward through the Charlie-Gibbs Fracture Zone and then north-
ward along the western flank of the Reykjanes Ridge. 
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Figure 3. Value of deep salinity maximum. 

4. Temporal variability 

The overflow across the Iceland-Scotland Ridge varies with time as regards rate, 
position of occurrence, and amounts and types of overlying water mixed into it . 
The ICES Overflow '73 Expedition and the subsequent ICES-MONA project were 
undertaken to study this variability. In particular it seems likely that, in addition to 
short period fluctuations associated with atmospheric conditions, there will be sea-
sonal variations with the maximum overflow taking place in winter, and possibly 
year to year variations associated with the severity of the winter in the Norwegian 
and Greenland Seas and the amount of deep water formed there. If an advective 
time scale is used, and a mean speed for the overflow water from the Iceland-
Scotland Ridge to the CGFZ of 0.1 m s-1 is assumed (see, for example, the geo-
stropbic currents presented by Ivers (1975)), the time delay between variations oc-
curring on the Ridge and being observed in the CGFZ would be approximately seven 
months. 

The observed salinity maximum occurred above the bottom observation at 55 of 
the 101 "Charlie" stations, and at at least two depths including the bottom observa-
tion at a further 19 stations. Mean values and standard deviations of this observed 
salinity maximum are given in Table 1. The greater standard deviation for STD 
stations is to be expected as salinity was only reported to 2 decimal places for most 
of these stations as against 3 decimal places for the others. The difference between 
the mean values of the OWS STD and bottle stations is just significant at the 5 % 
level and appears to result from abnormally high values in Oct.-Nov. 1971. In order 
to avoid undue bias being given to the 17 STD stations in these two months, means 
of successive stations were taken to reduce the number used in each month to three. 
This reduced the number of individual values in the subsequent analysis to 90. 

The overall mean value of these 90 individual salinity maxima was 34.989%0 with 

Table 1. Salinity maximum (Smax) at O.W.S. 'C'. 

Type of station n Mean Smax (%0) Standard deviation (%0) 

OWS bottles 58 34.988 0.013 

OWS STD 35 34.995 0.016 

Research vessel 8 34.992 0.010 
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Figure 4. Means and standard deviations of salinity maximum at OWS 'C'. 
a) for each month, (with January and February combined). 
b) for each year from 1964-1973, (excluding 1965). 
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a standard deviation of 0.013%0. The salinity maximum generally occurred between 
2400 and 3000 m depth with a mean value of 2690 m and a standard deviation of 
370 m, and at a potential temperature between 2.7 and 3.0°C (mean 2.86°C, 
standard deviation 0.14 °C). A regression analysis shows a small decrease in the 
value of the salinity maximum as the depth at which it occurred increased (from 
34.991%0 at 2400 m to 34.988%0 at 3000 m), but the correlation coefficient is not 
significant at the 10 % level. 

No clear pattern is evident in the annual cycle or in the year to year variations 
of the salinity maximum (Fig. 4), and the ranges of these mean monthly and annual 
values are relatively small in comparison with the standard deviations about the 
means. In the annual cycle values are lowest from December to March inclusive and 
highest in April , May and August. Of the annual mean values, those for 1969 and 
1971 are the highest and values are lowest from 1966 to 1968 and in 1973. The 
variance in the monthly means and in the annual means each account for only about 
10% of the total variance. The majority of the variance is thus unaccounted for by 
either seasonal or year to year variation, and must be attributed to real but more 
random variation and/ or to deficiencies in the data such as failure to observe the 
actual salinity maximum and errors in the salinity determinations. 
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Figure 5. 8-S values for the deepest observation at stations in the CGFZ at which observations 
extended to ;;:: 3000 m. 

5. Bottom water 

Where the salinity maximum occurs above the deepest observation both 0 and S 
decrease below it (see Fig. 2). 0-S values for the deepest observations (Fig. 5) 
identify the cold, relatively fresh water which Le Pichon et al. (1971) suggested 
flowed eastwards through the Fracture Zone. 

Values of a-3 , the a- value corresponding to the density the water would have at 
3000 m, have been determined for the Fracture Zone stations at 2500 m, 3000 m 
and 3500 m. Figure 6a shows that the densest water at 2500 m is to the north and 
north-east, due to the presence of cold and saline overflow water. The lower values 
of a-a at 2500 m to the south-east are associated with warmer water, and those to 
the south-west with fresher water. There is very little variation of 0-3 at 3000 m, but 
at 3500 m a-3 generally increases toward the west (Fig. 6b) due to the more rapid 
decrease of temperature with depth there. This pattern of density distribution will 
lead to the component of the horizontal pressure gradient force toward the west 
decreasing, or alternatively that toward the east increasing, below about 3000 m. 

However the spatial distribution of bottom potential temperature (Fig. 7) gives 
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Figure 6. Distribution of density (CT,). 

a) at 2500 m . 
b) at 3500 m. 

no indication of water colder than 2.4 °C penetrating eastward beyond the sill of 
either trough. Further, the 0 values observed in the bottom water at "Charlie" 
(Fig. 8) do not fall below 2.4 °C except for one observation with an anomalously 
high salinity for this temperature. 

Silicate data are available for only 12 stations in the Fracture Zone and some of 
these are of dubious quality. At all stations dissolved silicate concentrations at the 
depth of the salinity maximum are within the range 10-16 µ,g-atoms 1- 1 , but dif-
ferences in the Si-0 relationship for the bottom water are evident. At stations to the 
east of the sill (e.g. KN 706, ER 200) silicate values increase continuously as 0 de-
creases below the salinity maximum, reaching values higher than 20 µ,g-atoms 1-1 

at these two stations (Fig. 9). To the west, however, (e.g. stations GEOSECS 3, 

Figure 7. Potential temperature at the deepest observation at stations where observations ex-
tended to ;;,, 3000 m. At stations marked • the observation is in agreement with the isotherm 
pattern; at stations marked + the observation is above that indicated by the isotherm pattern, 
possibly because the observation was not at sufficiently great depth. 
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Figure 8. 0-S values for all observations at depth ;;, 3400 m at OWS 'C'. 
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ER 210) the silicate values show little increase below the depth of the salinity maxi-
mum, never exceeding 16 µ,g-atoms 1-1 , and below 0 = 2.3°C there is a fairly con-
sistent decrease in Si content at GEOSECS 3 (Fig. 9). 

Jenkins and Clarke (1976) observed an intense maximum in 6(3He) at about 
3,300 m depth at GEOSECS 3 which is to the south of the western end of the frac-
ture zone (Fig. 1). They considered that the source of excess 3He responsible for 
this maximum, which is traceable as far south as the equator, is in the CGFZ, and 
that the anomaly originates in water that flows westward through the fracture zone. 
The maximum value, however, occurs at a potential temperature of 2.21 °C and a 
salinity of 34.93%0. The evidence presented above indicates that such water is pres-
ent only in the western part of the CGFZ and has not flowed through from the east, 
but this does not negate the conclusion that the excess 3He has been acquired in the 
western part of the CGFZ. 
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6. Conclusions 
The data considered here are in accordance with the generally accepted pattern 

of Iceland-Scotland overflow water fl.owing westward through the CGFZ with a 
core depth, shown by the deep salinity maximum, generally between 2500 m and 
3000 m. The value of the salinity maximum in the core layer shows considerable 
variation, but it bears little relationship to the depth at which it occurs and neither 
seasonal nor year-to-year variations account for much of the variance in it. The 
cooler, (0 < 2.4 °C), and fresher water with relatively low concentration of dissolved 
silicate, which is present in the bottom layers in the western part of the CGFZ, and 
within which an intense maximum in 8 (3He) has been observed, does not appear 
to penetrate, or to have originated, to the east of the sills of the northern and south-
ern troughs even though it occurs above the sill depth. 
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