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Abstract 

Bras d'Or Lake water samples were collected during the CSS Dawson 85-036 cruise in November 1985. 
Surface water samples were taken at various stations along the cruise track, while subsurface water 
samples were collected from selected deep basins. The salinity, temperature, total alkalinity, calcium 
concentration, pH and 180:160 ratio were determined for each sample. The specific alkalinity and 6180 
measurements indicate that the lake waters are composed of a conservative mixture of seawater, typical of 
the Northwest Atlantic Ocean, and fresh water of mostly meteoric origin (direct precipitation). Ground- 
water from land drainage, whose composition should reject the bedrock geology around the lake, is not an 
important component of the lake water mixture. 

Des e'chantillons d'eau du lac Bras d'Or ont ktk prklevks lors d'une mission (#85-036) h bord du CSS 
Dawson en novembre 1986. Des e a u  de surface ont hkkchantillonne'es en plusieurspoints tout au long du 
parcours, tandis qu'un nombre d'e'chantillons ont e'tk prkleve's duns certains bassins profonds. La salinitk, 
la tempe'rature, l'alcalinite' totale, la concentration en calcium, le pH et le rapport 180:160 ont e'te' 
dkterminks pour chacun des e'chantillons. L'alcalinitk specifique et le S180 indiquent que les eaux du lac 
sont composkes d u n  mklange raisonnable d'eau de mer typique du nord-ouest de l'ocean Atlantique et 
d'une eau douce d'origine principalement mktkorique (prkcipitation directe sur le bassin). L'eau souter- 
raine provenant du lessivage des sols et dont la composition devrait rejlkter la gkologie de la roche en place 
ne constitue pas une composante importante des eaux du lac. 
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INTRODUCTION and Poisson (1976). The titrant solution was standardized 

Semi-enclosed bodies of seawater function as estuaries in 
which the flushing time is determined by the physical ability 
of outlets to drain the fresh water fraction. Bras d'Or Lake, on 
Cape Breton Island, is such a body of water and is partially 
isolated from the open ocean by long and narrow channels. 
The lake waters were sampled during the CSS Dawson 
85-036 cruise, in November 1985, in order to assess, using 
chemical and isotopic tracers, the identity of the water mix- 
ture. Objectives were to determine the hydrological compo- 
nents of the lake waters with the help of conservative proper- 
ties (alkalinity, isotope ratio) and examine the vertical 
structure of the water column over topographic troughs or 
basins in the deepest parts of the lake. 

SAMPLING 
Surface water was taken with a plastic bucket attached to a 
nylon rope over the side of the ship at various stations along 
the cruise track (Fig. 3.1). At selected stations, subsurface 
water samples were collected with 100/L Go-Flo bottles. 
Upon recovery, the temperature of the water was measured 
using a mercury thermometer. A 60 mL polypropylene bottle 
was promptly filled with the water and capped, leaving no 
headspace gas. This subsample was used to measure the pH of 
the water. Another 60 mL of water was filtered through a 0.45 
p m  Millipore filter and stored for later analysis of the calcium 
concentration and titration alkalinity. 

Finally, for each station and depth, a 1 L plastic bottle was 
filled with water for ls0: '60 and ,H:'H analyses, together 
with a 125 mL plastic bottle to which were added a few drops 
of HgCl,, for later I3C:l2C determinations. 

ANALYSIS 
The pH of the water samples was measured onboard at 25°C 
following thermal equilibration in a constant temperature 
bath. An Orion Research Ross combination electrode fitted 
with a piece of Tygon and Parafilm was inserted in the neck of 
the bottle, forming an airtight seal. This procedure was 
adopted to minimize CO, exchange with the atmosphere. The 
electrode was calibrated using NBS buffer solutions, before 
and after every 5 measurements. The precision of the pH 
measurements, once corrected for temperature (Harvey, 
1963), was estimated to be better than * 0.01 pH units. 

The salinity of the water samples was determined from 
conductivity measurements using a Guildline 8400A sali- 
nometer. Calibration of the salinometer was done with 
lAPSO standard seawater. Total alkalinities, A,, were deter- 
mined by potentiometric titration with a dilute HCl solution 
to the second equivalence point corresponding to the neu- 
tralization of bicarbonate ions using the method described by 
Mucci (in press). Reproducibility of these measurements was 
better than 0.4% using a Na,CO, solution for standardization 
of the acid. 

Calcium concentrations were determined potentio- 
metrically with EGTA using the method described by Lebel 

with IAPSO standard seawater. The precision of these mea- 
surements was better than 0.5%. 

Isotope measurements ( '80:160)  were performed at the 
GEOTOP laboratory using the standard equilibration 
method, on a triple collector VG Micromass spectrometer. 
Results are given in 6 notation with respect to SMOW, with a 
precision of * 0.2%0. 

RESULTS 
Results of the analyses described above are presented in Table 
3.1, along with the position and depth at which each sample 
was collected. 

The specific alkalinity, A,/Cl%o, and [Ca2+]/Cl%o ratio 
were calculated for each sample in order to verify if the 
various bodies of water sampled were subjected to composi- 
tional variations other than conservation mixing between 
continental freshwater and seawater. Chlorinity was calcu- 
lated from the salinity according to the following relationship 
(UNESCO, 1966): 

Results of these calculations are presented in Table 3.2. 

The [Ca2 + ]  ion concentration product of the 
water samples was calculated to determine their saturation 

Figure 3.1. Location of water stations in Bras d'Or Lake. 



Table 3.1 Measured physical and chemical parameters of water samples collected from Bras d'Or Lake 
in November 1985 

Station 
Position 

LatON LongOW 

461 21 9 603238 
461 039 603436 
460843 60361 0 
460673 603871 
460580 604400 
460400 604242 
460082 604525 
455752 604790 
45521 8 604004 
454885 605520 
45491 9 6051 11 
45491 9 6051 11 
45491 9 6051 11 
45491 9 6051 11 
455203 60521 1 

Depth 
(m) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

145 
90 
20 

0 
0 
0 

200 
100 
50 

0 
0 

255 
150 
75 
25 

0 
0 

Temp. 
("C) 
9 
9.5 
9.5 
9 
9 
9 
9 
9 
9 
9 
5 
6 
9 
9 
9 
9 
2 
4 
8.5 
9 
9 
0.8 
1 .o 
3.5 
9 
9 
9 

[Ca2+] 
pH 25°C (m mole kg 

At 
-1) (meq kg-1) 

state with respect to calcite. Carbonate ion concentrations 
were calculated from the in situ pH and carbonate alkalinity 
of the sample, A,, according to the following equation: 

[CO,2-] = Ac (2) 
2 + (10-PH/K',) 

where K', is the second apparent dissociation constant of 
carbonic acid in seawater. Values determined by Mehrbach 
et al. (1973) as refitted by Millero (1979) were used in this 
study. The carbonate alkalinity was calculated from the total 
alkalinity according to: 

A, = A, - [B(OH)4-] (3) 

where [B(OH),-] is the product of the first dissociation of 
boric acid. The boric acid contribution to the total alkalinity 
was estimated from the total boric acid content of the sample 
(C B = 1.17 X lOP5 X S%O) and the following relationship. 

[B(OH)4-1 = 
K', X CB 

(4) 
(K', X 10-pH) 

where K', is the first apparent dissociation constant of boric 
acid. 'The apparent dissociation constants determined by 
Lyman (1957) were used for this calculation. 

The saturation state or omega of the water samples with 
respect to calcite was calculated from the [Ca2+] -1 
ion concentration product of the sample and the stoichio- 
metric solubility of calcite, K*,, at the appropriate temper- 

ature and salinity (Mucci, 1983) according to the following 
equation: 

Results of these calculations are presented in Table 3.2. 

The CO, partial pressure, PCOZ: in equilibrium with the 
water was also calculated from the In situ pH and carbonate 
alkalinity using the first and second apparent dissociation 
constants of carbonic acid determined by Merhbach et al. 
(1973) as refitted by Millero (1979) and the solubility con- 
stants of CO, in seawater determined from the equation 
of Weiss (1974) which is based on the measurements of 
Murray and Riley (1971). Calculated Pco,'s are presented in 
Table 3.2 and Figures 3.2C, 3.3C and 3.4C. 

Isotope ratios given in Table 3.1 were corrected in Figure 
3.5 for nonlinerarity with respect to salinity, owing to the 
definition itself of this parameter. In fact, there is (1 -S) kg of 
pure water (solvent) in 1 kg of seawater (solution); the solvent 
being characterized by a given isoptope concentration. Thus, 
the notation A is used in Figure 3.5, and defined following 
the theoretical considerations of Paren and Potter (1984) as: 

In Figure 3.5, linearity between A and S is indicative of the 
conservative mixing behaviour of two end-member compo- 
nents. 
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Figure 3.2. Depth profiles at station 11 

Table 3.2 Results of chlorinity calculated from the salinity, the saturation state of the water samples with respect 
to calcite, and calculated Pco, 

[Caz + l  Cl%o 
cl (1 04) At/Cl%o pHin-situ 

Station (%o) 20.25 t .0005 +0.01 (meq kg- ' )  
A, 
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Figure 3.3. Depth profiles at station 14 

DISCUSSION 
Salinity distribution and stratification 

As expected from the configuration of the lake (Fig. 3. I), the 
salinity of surface waters decreases regularly from 28.76 %O 
at the entrance of Great Bras d'Or Channel to 24.56 %O at the 
end of East Bay in the Great Bras #Or Lake. An opening 
to the Atlantic Ocean through Little Bras d'Or Channel is 
responsible for the slight increase in the surficial salinity 
of water collected in St-Andrew's Channel. Mass balance 
calculations indicate that fresh water accounts for 20 to 30% 
of the surface water mixture. 

The only important continental inflows to the lake are 
located in sub basins on the north-western side of Great Bras 
&Or Lake. They are the Middle and Baddeck rivers which 
flow into the St-Patricks Channel and the Denys River which 
runs into the Denys Basin. Many short brooks also drain the 
highlands around the lake and one might expect a relatively 
small land drainage component to the lake waters. 

Figures 3.2a, 3.3a and 3.4a indicate that stratification of 
the water column is characterized by a halocline situated 
between 40 and 60 m depth. The lifetime of this halocline is 
unknown as data from other seasons are unavailable. How- 
ever, as the lake is known to freeze in winter, the stratification 

is probably destroyed during this season and re-established 
during the summer. Similarly, Vilks (1967) noted that deep 
basins, such as the ones we sampled (Stations 11, 14, and 16), 
contain cold water all summer but that water in shallower 
localities may undergo extensive changes in temperature 
during the seasons. 

Alkalinity-chlorinity relationship 

Figure 3.6 shows the results of the alkalinity titrations as 
a function of chlorinity for each collected sample. All the 
data are grouped around a straight line with a slope of 
0.1175 (meqikg)lCl%o. This is indicative of the conservative 
mixing behaviour of the total alkalinity in this lake. The lake 
waters would have obtained their present composition from 
the mixing of a fresh water source of negligible alkalinity 
(about 6 ~ e q l k g )  and seawater typical of the Northwest 
Atlantic at this latitude. The GEOSECS station situated clos- 
est to the latitude of the lake is Station 26 (44" 57.6'N/42" 
0.4.6'W). Surface waters (4 m) collected at Station 26 during 
the GEOSECS expedition had a salinity of 35.754%0 (or Cl%@ 
= 19.791) and a total alkalinity of 2.331 meqlkg (Bainbridge, 
1981). This datum point is presented in Figure 3.6 and clearly 
demonstrates the conservative mixing of the two water 
masses to form the lake waters. In fact, nearly all the water 



Figure 3.4. Depth profiles at station 16 

samples collected in the lake possess a specific alkalinity (see 
Table 3.2) equal to the Northwest Atlantic Ocean water value 
(0.1178 ? .0005). 

However, the [Ca2+]/Cl%o ratios of all the lake water 
samples (Table 3.2) are significantly lower than the value for 
standard seawater (5.3 1 x 10-"mole/kg)(Cl%o). The value 
of 4.98 X 10-5 determined for surface waters collected at 
Station 17, which is situated closest to the open sea channel, was 
the highest one measured in the lake. Lowered [Ca2+]/Cl%o 
ratios are most often associated with productivity of calcium 
sequestring organisms in surface waters. The [Ca2+ ]/Cl%o 
ratios are smaller in surface waters than at depth (Fig. 3.2b, 
3.3b, 3.4b) which would support the hypothesis that biolog- 
ical activity is responsible for the low [Ca2+]lCl%o ratios in 
the lake water. Even bottom waters however, at Stations 11, 14 
and 16 have lower [Ca2 +]lCl%o ratios than standard seawater 
or surface waters at Station 17. Furthermore, no significant 
deviations of the specific alkalinity are associated with the 

surface [Ca2+]lCl%o minima. This appears to rule out the 
possibility of important biogenic calcium carbonate produc- 
tion as calcium carbonate frustules would be expected to 
dissolve and increase the [Ca2+]/Cl%o in the deep basin 
waters of the lake since these are often undersaturated with 
respect to calcite (Table 3.2). 

CO2 partial pressure-depth relationship 

The CO, partial pressures calculated from in situ pH and 
carbonate alkalinity indicate that surface waters are close to 
equilibrium with the atmosphere. Surface water values vary 
between 335 and 424 ppm with an average of 358 2 23 ppm. 

The deep waters of the lake (Fig. 3.2c, 3 . 3 ~  and 3 . 4 ~ )  are 
characterized by high PCO2 values (about 600 ppm). This 
accumulation of CO, is most probably due to the oxidation of 
organic matter at depth and the limited exchange of these 
waters with the surface as a consequence of the stratification 



Figure 3.5. 160:160 isotope ratios as a function of salinities. 
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over the summer and fall seasons. The increased CO, content 
of the deeper waters is responsible for the decrease in pH with 
depth as the carbonate alkalinity does not change signifi- 
cantly. This results in the deeper waters being undersaturated 
with respect to calcite (R < 1). 
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Oxygen isotope-salinity relationship 
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Surficial water isotopic ratios do not show a trend similiar to 
salinity. Low values are found irregularly along the sampling 
track, either in the Great Bras d'Or Channel or Great Bras 
d'Or Lake, suggesting complex mixing between seawater and 
fresh water of variable isotopic composition. The relationship 
between mean annual 6180  in precipitation and latitude 
(Yurtsever and Gat, 1981) indicates that precipitation over 
Cape Breton Island should reach a value of - 10%~. Taken 
altogether, the data fit  a regression line with an intercept of 
- 10.46 (Fig. 3.5). All the data are bracketed between mixing 
lines which intercept the A J 8 0  axis at - 1 0 % ~  and - 14% 
when linearly extrapolated to zero salinity. 

Since seawater flowing through the northern channels 
originates from the Labrador Current, i t  must be diluted by 
meteoric waters collected around the Gulf of St-Lawrence or 
the Labrador coast where the precipitation exhibits lower 
?ii80 values than on Cape Breton Island. Supporting this 
view, waters collected at Stations 15, 16, and 17 which are 
closest to the oceanic inlets give 6180 values near the lower 
mixing line. In addition, most of the deep water samples, and 
in particular those collected in St-Andrew's Channel below 
90 m (Stations 14 and 16), are close to that lower line (they fit  
the following regression line: AlsO%o = 0.398 S - 13.91). 
The salinity of these waters (>27.58%0) is also close to 
the salinity of waters entering the channel and indicates that 

they have not been influenced significantly by dilution from 
local precipitation. On the other hand, surficial and shallow 
waters fall in between, or even near the upper mixing line in 
Figure 3.5, indicating that local precipitation intervenes in 
the mixing. This pattern is clearly visible in the depth profiles 
(Fig. 3.2, 3 .3  and 3.4). Salinity increases slightly below the 
halocline, while 6180 values decrease slowly due to a fresh 
water contribution depleted in heavy isotope. 

N O R T H W E S T  
A T L A N T I C  WATER 
G E O S E C S  STA.  2 6  i 

0 S u r f a c e  w a t e r  s a m p l e s  

+ W a t e r  s a m p l e s  c o l l e c t e d  
be low t h e  s u r f a c e  

I 
1 2  1 3  14 1 5  l 6  17 1 8  19 20 

Chlor in i t y  ( % o )  

Figure 3.6. Conservative mixing in surficial and deep waters. 



The seasonal precipitation could also explain the span of 
A I 8 0  values. Winter snow and rain have lower isotopic ratios 
than summer rain since fractionation is thermodependent. 
Sinking and storage of cold isotopically lighter waters at 
depth would also result in depth profiles similar to those 
observed. The importance of this factor is determined by the 
flushing time of the fresh water fraction and is reflected by a 
more or less homogenized meteoric signal approximating the 
annual 6180 value. 

CONCLUSIONS 
Bras d'Or Lake is a dominantly marine body of water possess- 
ing a slight longitudinal and vertical salinity gradient. The 
lake waters are composed of a nearly conservative mixture of 
seawater typical of the northwest Atlantic Ocean and fresh 
water. The fresh water end member is characterized by a very 
low alkalinity and a normal 6180 value partly influenced by 
an allochthonous meteoric signal originating From the dilu- 
tion of oceanic waters at higher latitudes. 

It appears that fresh water from the deep underground 
drainage, which should have been mineralized following 
contact with the lithologies of this geological subprovince 
(for instance, dolomite, gypsum and limestone of the Car- 
boniferous Windsor Group outcrop in the Middle and Bad- 
deck river watersheds: Kelley, 1967), is not an important 
component of the lake water mixture. The presence of prox- 
imal runoff waters or even direct precipitation on the lake 
surface is supported by the fact that the [Ca2+]lCl%o ratio of 
the lake water is always lower than the standard seawater 
value or even the maximum value measured in the lake at 
Station 17. The influence of the surrounding geology on the 
lake water composition is only slightly noticeable from the 
higher specific alkalinity of surficial waters at Stations 2, 5 ,  
13 and 16 which are situated near outcrops of the Windsor 
Group. 

The water column in the lake is stratified below approxi- 
mately 60m, particularly in deep basins. The stratification is 
most likely destroyed during winter since the lake is known to 
freeze. The temporary stratification is responsible for limiting 
the exchange of gases in the deeper waters with the at- 
mosphere. This results in an accuinulation of CO, in the 
deeper portions of the lake following the degradation of 
organic matter at or near the sediment-water interface. As a 
consequence of the increased CO, concentration, bottom 
waters (>80m depth) are undersaturated with respect to 
calcite. 
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