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ABSTRACT

Analyses for concentrations of total ions, Na, K, Ca, Mg, HCOs, Cl, 804, and dissolved
organic carbon, as well as optical density, pH, and specific conductivity, are presented
for twenty-three surface lake waters collected from heathy spruce forest in Halifax County,
Nova Scotia, during December 1955. As compared with the average fresh water of the
world, these waters arc very dilute, and proportionally low in caleium bicarbonate while

high in sodium chloride.

The three main factors governing chemical composition are

shown to be (1) the nature of the geological substratum, (2) the influence of topography
as expressed in the accumulation of mineral sediments and peat in and around the lake

basins, and (3) proximity to the sea.

INTRODUCTION

Analysis of the ionic composition of dilute
lake waters has until recently been a matter
of some difficulty, so that the supply of the
major dissolved constituents to such waters
has received relatively scanty attention from
limnologists. This paper records concen-
trations of total ions, Na, I, Ca, Mg, I1ICOs,
Cl, 804, and dissolved organic carbon, as well
as optical density, pIl, and specific conduc-
tivity, in a series of rather dilute surface lake
waters collected from heathy spruce forest in
Tlalifax County, Nova Scotia, during the
cold dry weather of December 1955, when
the lakes were under thick snow and ice
cover.

The samples include both clear and peaty
waters, from lakes on three main geological
substrata—an intrusive granite batholith,
the metamorphic Meguma gold-bearing
series of slate overlying quartzite, and car-
boniferous strata of the late Mississippian

1 The writer is most grateful to Professor F. R.
Hayes of Dalhousie University, who kindly in-
vited him to undertake this study, and provided
laboratory facilities and transport. Thanks are
also due to the Director of the Nova Scotia Re-
search Foundation, Dr. H. D. Smith, for the
financial support accorded by the Foundation.
The rain sulfur analyses quoted were provided
through the courtesy of Mr. F. A. Herman, of the
Dominion Experimental Station at Kentville,
N. 8. Lastly, Mr. F. J. H. Mackereth has given
much helpful advice on analytical procedures,
especially with regard to organic carbon and opti-
cal density measurements.
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period. The general physiography of the
arca, in relation to the underlying geology, is
discussed by Goldthwait (1924). The lakes
fall into four main size ranges: very small
ponds (nos. 3, 5, 18 and 19 in Table 1), small
lakes of from 1 to 10 hectares (nos. 2, 6, 7,
8, 9, 10, 11, 20, 21, 23), medium-sized lakes
of about 20 to 30 hectares (nos. 13, 14, 15,
22), and larger lakes of more than about 50
hectares (nos. 1, 4, 12, 16). IHowever, none
of the chemical properties examined shows
any obvious relation to lake area.

While surveys of macro-vegetation have

only been carried out on four of the granite

lakes, it may be of interest to point out the
following species as among those most
frequently encountered during a brief survey
of these and other similar lakes in 1946 and
subsequent years:

Eriocaulon septangulare

Lobelia dormanna

Dulichium arundinaceum

Pontederia cordata

Nymphoides cordatum

Nuphar variegatum

Nymphaea odorata

Sparganium fluctuans

Potamogeton. spp. (most commonly P.

epthydrus var. nuttalliz)

Scirpus subterminalis

Chamaedaphne calyculata

Sphagnum spp.
Of these, the first two are perhaps more
characteristic of the less organic substrata,
while the last two indicate peaty conditions,
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and often the presence of a floating bog mat
around the lake margins.

The zooplankton organisms most fre-

_quently met with in these surveys were as

follows:

Diaptomus minutus

Diaptomus spatulocrenatus

M esocyclops leuckarti

Bosmina longispina

Diaphanosoma brachyurum

Daphnia pulex

Holopedium gibberum

Polyphemus pediculus

By far the most common fishes were
Fundulus diaphanus and Salvelinus fonti-
nalzs.

METHODS

The waters were collected through the ice
in polyethylene bottles, filtered through
Whatman 54 filter papers (washed with three
volumes of distilled water and one volume of
sample) on return to the laboratory, and
stored in the original bottles until analyzed.
Specific  conductivity was mecasured with
bright platinum electrodes, and pH by glass
electrode, both before and after aeration
with compressed air until drift ceased. Na
and K were estimated without concentration
by EEL flame photometer using Calor-gas
fuel. Ca and Mg werc determined by
versenate titration according to the method
of Heron and Mackercth (1955). The
anions were measurcd conductimetrically
following the ion-exchange procedures de-
veloped by Mackereth (1955), HCO; being
estimated as the difference between total
metal cations and strong acid anions. The
slight differences observed in samples below
pH 5.7 (the pll of distilled water in equilib-
rium with atmospheric CO, at 25° C) were
attributed to experimental crror, since there
was no clear relation between the amount, of
difference and pIl. Total metal cations as
cstimated by this procedurc corresponded
very closely to the sum of the four metal
cations analyzed individually. SO, values
by this mecthod include small amounts of
NO3, which are most unlikely to be of any
significance in this type of lake water, ac-
cording to cxpericnec in this laboratory.

Dissolved organic carbon was determined by
a new wet oxidation method devised by
Mackereth in this laboratory and as yet un-
published. While the samples were filtered
through a no. 3 sintered glass plate (average
pore size 20-30 w), some filter-passing sub-
stances will no doubt be included with the
dissolved organic materials. Optical densi-
tics were measured at 320 mu in the above
waters, by means of a Unicam SP 500 spece-
trophotometer with 10 em glass tubes and
slit widths of about 0.5 mm. In addition,
absorption speetra were determined between
320 and 700 mu by the same instrument, on
both thcé clearest and the most highly
colored of the lake waters, again using glass
tubes, and slit widths varying from about
0.5 mm at 320 down to 0.025 mm at 700
mu. Lastly, it was noticed that on standing
the bottoms of some of the sample bottles
became spotted with orange-brown colonies
of iron bacteria, resembling the agar plates
used for bacterial counts. The density of
such iron precipitates was recorded visually
in threc grades.

RESULTS

The analytical data are presented in Table
1, the waters being arranged in order of in-
creasing total ion concentration within three
main groups separated according to the
nature of the underlying rocks. Since the
Meguma quartzite and slate lake waters
show no clear chemical differcnces, they have
been grouped together. All lakes receiving
drainage from carboniferous rocks have also
been grouped together, although Fraser
Lake, wholly on quartzite, is transitional in
its chemical propertics. Results are cx-
pressed in parts per million (ppm), with the
exception of pll, specific conductivity (as
reciprocal megohms at 20° C), total ions (as
milli-equivalents per litre), and optical
density (as log —I[~°> The positions of the
lakes on the map are also given in Table 1,
and their locations are shown in Iigure 2.
Where “normal” lakes are referred to, the
two quarry ponds and the two senescent
lakes almost filled in by sediments are
excluded.



“81BI)8 snolsjruoqied uo £jgred pur ojruwid uo A(3red gz "oU (YOOI SNOIOJIUOGIEO WOI] 9FRUIRIP SWI0S JUIAIIIAI ‘9}12)4€ND UO ()g "OU 8YET ¢

9)B[S U0 Z[ "OU PUB {9}8B[S UO §] PUB H 'SOU :0IB[S

=

*971z3a8nb Jo afguresp awos Yira

0 93'uUrRIp SWIOS YJIM 991z|aEnD U0 L] puB QI "Sou ¢9jrzyrenb uo 61 pue 91 ‘€l ‘11 "ou S9YBT {

+ ¥9°0 8’V PL 8¢ €91 T 9¢ 90 ¢¢ 09°L 049 1670 49 /9097 60,89 aYe[ UoS[PN &2
- o Ly 9'¢ 8L T'9 L0 T°¢ 90 €¢ 60L 89 0 8% LETFY /65969 oy®T dullgy  Go
+ ¥O'T L8 ¢'¢ €% 9L L0 CTE 90 8¢C or'Z 099 960 9€ 80.5% /11,69 oyeT [[I8ss01) 13
- SI'T €6 8%y I'vY¥ 9% 60 9¢ €0 8¢ 069 59 0g°0 1€ /9097 ,00.£9 oy® 10s8I (7
DI SNOL2[21u0quD)) WoLf bDUIDLT Hurar909y 10 U
puog SoutA
+4+ 70 8¢ ¢Y 8% 911 ¢0 6% ¥0 8¢ ¥5'L 099 ¢¥0 44 9%FF 67,89 PIOD oyorIu) YN 61
auop Lirend)
- jou g0> 6L €L 1uw TI'T FT L0 9F TV 68F 80 i LETY  $8.89  91B[S 8A0) §PoInd 8]
- €L°0 L 89 €9 TuU 90 8T L0 8¢ 8I'¢ 20§ €0 17 FhFF  TFE9 oxe] Apueg LI
- 620 82 ¢g'¢ 6'F 8¢ %0 LT FO0 0¢ g9 LT 1€°0 €8 OFFF 1LEEH ey ysty 91
+ 90 ¢€¢ ¢'¢ 9°¢ 8T 20 LT L0 ¥E FW09  9°¢ 080 43 PP 9P.€9 oyet Surzndeq ¢l
- &0 6°¢ ¢y Ly 0% S0 ¥T 90 LT €69 9 0g°0 44 AGTVr /T7.€9 ey do3ony, VI
m ++ (4} €01 9'¢ 8% U %0 61 ¥0 6'¢ 00¢ 96F 82°0 £¢ 6V 19769 oyery smaT €
= + €1 G'6 ¢ ¢y 1w FO 8T ¢0 0°¢€ 08¢ 8¢ 1270 0g OVo¥F  EF.89 e Qe ¢l
m axeT] SOUIN
& ++ 89°0 L9 'y 8¢ ¢¢ €0 I'c 90 #¢ 999 ¥6°¢ g¢°0 8¢ G%FF 67,89  PIoH oyerru) "IN 1T
mu 1891008 Hulivag-pjon uQ
m - 't gL 79 ¢ [ 0T 80 90 ¢6 €% 8'F L0 0L 08FF 889 oye] ueoun(@ 0T
- 121 6L 9°¢ 66 1™ 90 0T ¥0 ¥9 <% 0% T¥0 2y d8Fr 68,89 oxe HoBlg 6
- L1 T'IT ¢6 gL @@ %0 80 €0 0% ¢'€ 96°¢ %0 ¥L 98P ,96.€9 puod speoing 8
- 9L°1 9Tl gL 6L T 90 T'T ¥0 ¢ L% 9% 070 1° 88FY  ,68.69 YBY JAAIIS L
- 8T°0 ¢¢ ¢y 1T'8 1™ 90 60 €0 6% 8¢S CI'e T80 68 88FF 6869 oyey yuig 9
Lirend) 931
- g0 ¢1 g8 9°¢ nu 90 81 ¢0 ¥'€ 687F @'y ¢80 184 98P 98,80 -UBIDBAOD SR ¢
- €0 27V ¥¢ 09 T 90 I'T $0 Ov ¥8¥% 8% 080 8g L8TF 88,89 oy U0y ¥
- 181 86 9°¢ ¢¢ MM g0 I'T ¥0 ¢¥% @8F 6L'F 680 ge TPV /8F.€9 oquaung ¢
++ 670 2§ 9v 8% 1w %0 I'T ¥0 $¢€ 98¢ ©G&'¢ S0 8% TVe¥? 18989 puog Aemirey g
suop (ure £yead)
- 0T gL gV 6F I g0 0T FO0 VE WY WY WO 18 BEFY 0989 OYFT g SSelqnH T
3.2\;5&@ K78}
soyejidpard N moH - oHTgE 220 sired nmwwwwa Mﬂﬂﬂﬂm 1 .Wa »%ommg N M
uoIt 0SS 1D t00H W ®) M eN *ATnby m QWEN JaqumN
[eme3oRg %mmo@ %ﬁw& Ha S0y anbwwwwmms I

14

17095 DAON ‘FIUN0) LD WOLL S19)DM 9YD] SW0S [0 U0LIS00UL0D JDITULD
21008 DAON 0 ToJUDH %07 X 1091U9Y)

‘] @14V,



CHEMICAL COMPOSITION OF NOVA SCOTIAN LAKE WATERS 15

HCO3
80" A ON GRANITE STRONGLY . ABSENT
& ® ON MEGUMA SERIES ACID’ S A 4549
pH 3.95
° o DRAINING
& CARBONIFEROUS Weo
g 6o ROCKS MAJOR
8 a o/ ANION
£ & pH>63
E / o .
e .
£ 401 AKﬁ. R
-
E A4 e’/
2 )’
= /
3 20
4
O
(8]
Q
L o 1 \ 1 L [ |
g o o1 o2 o3 o3 5 06
] TOTAL IONS m.eq./l.

Fic. 1. The relation between specific conduc-
tivity and total ionic concentration in waters from
Halifax County, Nova Scotia.

Total ions and spectfic conductivity

The ranges of specific conductivity and
total ions arc in general rather similar for the
three geological groups of lakes, the median
values for all lakes lying at 38 and 0.32 m.
equiv./L, respectively. In the granite scrics
the water richest in salts came from Duncan
Lake, situated on an exposed headland very
near the sea, and hence high in NaCl. In
the other two geological groups the richest
waters came from shallow lakes nearly filled
in with mineral and organic scdiments.
These waters yielded high concentrations of
Ca(IICO;),, probably released from the
bottom materials by weathering.

The relation between specific conduetivity
and total ions is rather close, although a
certain variability is evident in Iigurc 1.
The very acid water from Purcell’s Pond,
along one edge of which is found a large
Sphagnum bog, exhibits a much greater
specific conductivity (74) than would be
inferred from the total ion concentration of
0.4 m.equiv./I.,, for which the usual con-
ductivity is about 40-50. The extremely
high equivalent conductivity of the hydrogen
ion is responsible for this anomaly, for which
a correction can casily be made (Sjérs 1950).
Again, the moderately acid lakes with no
IICO,; show higher specific conductivitics
than those which are only faintly acid and
have HCO; as the main anion. Another
factor involved here is the rclatively low
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F16. 2. The locations of the waters sampled,

and the influcnce of proximity to the sea upon
chloride concentrations. (The areas of the circles
are proportional to chloride concentrations.)

equivalent conductivity of the IICO; ion as
compared with Cl and SO, ions.

Chloride, sodium and magnesium

Trigure 2 shows clearly that the higher Cl
concentrations occur nearest the coast.
Since the granite lakes occupy the coastal
belt their waters are highest in Cl. Within
the other two geological groups the maxi-
mum CI valucs also come from those lakes
nearest the sca. The close adherence of the
Na and Cl values to the line (I'ig. 3) showing
sea-water proportions suggests that by far
the greatest part of thesc ions comes as sea
spray in atmospheric precipitation (cf. also
Conway 1942, Gorham 1955a, Iiriksson
1955). The slight cxcess of Na may be
presumed to come from rock-weathering.
In this connection it may be noted that
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Fig. 4. The relation between magnesium and
chloride.

among the “normal’”’ lake waters those from
the Meguma quartzites and slates show less
excess Na than either the granite or carbonif-
erous series, which resemble one another in
this respect. The average Na/Cl ratio in
sca water is 0.55, in the quartzite waters
0.61, and in both the other types 0.67.

Magnesium is also supplied to a marked
extent from the sea, with the granite waters
showing a Mg/Cl ratio the same as that of
sea-water (0.067). However, as shown in
Figure 4 the Meguma series, and especially
the waters draining carboniferous strata,
exhibit considerable enrichment in Mg,
presumably from weathered rock and soil
minerals.

Among the lakes on granite, Duncan
yields the highest Mg concentration (1.0
ppm), again because of its proximity to the
sea. The highest Mg/Cl ratio in this group
(0.11), however, comes from the Purcell’s
Cove granite quarry pond, where presum-
ably more Mg than usual is rcleased by
breakdown of the freshly exposed rocks. On
the gold-bearing series the Purcell’s Cove
slate quarry provides an even higher Mg/Cl
ratio (0.15), and the absolute concentration
is also high (1.1 ppm). The greatest min-
eral enrichment of Mg is shown by the
senescent Nelson Lake on carboniferous
rocks (Mg 1.2 ppm, Mg/Cl1 0.32).

Potassium

Only a small part (on the average about
0.1 ppm) of the K in these lake waters can
have been supplied from the sea (K/Cl
ratio in sea-water 0.02), and the remainder
(averaging 0.5 ppm) must come from the

rocks and soils, much of it perhaps as
atmospheric dust. Waters on the Meguma
rocks are in gencral richest in K, and waters
on granite poorest, although the differences
amount to less than 0.2 ppm on the average.

Calcium and bicarbonate

Calcium is supplied to these lakes almost
wholly by rock and soil weathering, the sea
spray contribution calculated from Ca/Cl
ratio (0.02) again averaging about 0.1 ppm.
There is a distinct difference between the
three geological groups in respect of Ca, the
“normal”’ lake waters averaging about 1, 2,
and 3 ppm on the granite, Meguma, and
carboniferous rocks, respectively. The Ca
levels in the granite lakes are not far dif-
ferent from those observed in the British
Isles in raised and blanket bog pools com-
pletely isolated from mineral soil influence
and wholly dependent upon atmospheric
sources of supply such as dust fall (Gorham
1956), so that Ca release from the granite
rocks may be presumed to be extremely
slow. It is of interest that Silver Lake was
fertilized in 1947 with about 2200 kilograms
of basic slag and in 1948 with 500 kg of super-
phosphate, while Black Lake received 1100
kg of basic slag plus 300 kg of superphos-
phate in 1948. After seven years neither of
these lakes differs from other similar granite
lakes in respect of cither Ca or pH. Also
notable is the fact that Brine Lake, on the
edge of a tiny enclave of carboniferous rocks
surrounded by granite, manages to maintain
its chemical identity with the other carbon-
iferous lakes.

Differences are also cvident in the HCO;
concentrations of the three types of lake,
this ion being absent from all the waters on
granite, present in all the waters draining
carboniferous strata, and present in five of
the ninc waters on the Meguma quartzites
and slates. Only in the circumncutral
waters is there a clear correlation between
Ca and pH after aeration (see Fig. 5), which
is paralleled by a similar relation between
these two variables and IICOs.

The two waters highest in Ca and HCO;
are from the two senescent lakes nearly
filled by sediments, from which there is al-
most certainly a release of Ca(IHCOj): to
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the water above, through the action of nor-
mal weathering processes. Of the Meguma
lakes, those richest in Ca lic along the
north-cast border of the areca sampled,
nearcst to the carboniferous zone, and
farthest from the granites. The largest con-
centration of Ca in the granite waters was
observed in the quarry pond at Purcell’s
Cove, and at 1.8 ppm was almost double the
average value. The slate quarry on the
other hand yiclded a lower value (1.4 ppm)
than the average for the Meguma waters.

Acidity

At higher plI levels an appreciable pro-
portion of the acidity in these lake waters is
due to dissolved CO,, which can be mostly
removed by bubbling with compressed air
(scc Table 1). Towever, the pH is largely
governed by the amount of Ca(HCO;),
added to the lake waters from weathering
minerals, as shown above. Toward the
acid end of the scale, the lowering of plT is
associated with increasing concentrations
of SOsand (with the exception of the quarry
ponds) of organic matter, as illustrated
in Fable 2. This table also shows that
at similar SO4 levels the Meguma lakes are
less acid than those on granite, which is
presumably connected with the higher cal-
cium concentrations in the former.

Using the plI of distilled water in equi-
librium with the atmosphere at 25° C (pIH
5.7) as a dividing point, acid waters can be
separated [rom circumncutral waters; and
in fact these two groups are quite sharply
separated, since only one of the twenty-
three waters falls within the pII range

Tasre 2. The pH of walers on granite and on the
Meguma Gold-Bearing Series in relation to
sulfale and organic carbon concenirations
pII values in brackets are from quarry ponds.

takos o st | ek n Mesy
Organic  |—-—— I _
C;;;?T?n L Sulfate ppm Sulfate ppm
45|56 68| > 4P las | 56| 68 |>Eppm

0-2 (4.9) 4.9)

2-4 5.3 7.2/6.9

6.9

46 |5.4/1.8 6.0

6-8  |4.8/1.6/4.6 6.7 | 5.2

8-10 4.8 5.5

10--12 4.5 4.0 5.0

A comparison of acid and circumneulral
walers

TaBLE 3.

Tonic concentrations
(m.equiv./L)

I SOy Ca TICOs
Acid waters 0.021 0.131 0.063 nil
Neutral waters  trace  0.108  0.157  0.108
Differcnee 0.021  0.023 0.094 . 0.108

5.5-6.5. While all the waters on granite
arc acid, and on the carboniferous rocks
circumncutral, the Meguma group is evenly
divided between these two classes. It is
now instructive to compare the equivalent
levels of hydrogen ions, SOy, Ca, and IICO;
in these acid and neutral waters, as set out
in Table 3. At once apparent is the even
balance between the hydrogen ions of the
acid group and the excess of SO, in this as
compared with the circumncutral scries
(hydrogen ions 0.021 m.equiv./I, SO,
excess 0.023 m.equiv./I.). Thus it may be
inferred that the acidity of these lake waters
is duc mainly to sulfuric acid. Morcover,
about nine-tenths of the IICO; ions in the
neutral waters arc balanced by the excess of
Ja in this group, which suggests that these
lakes arc more strongly influecnced by rock
and soil weathering,

It is worth noting that both the acid and
circumneutral waters show rather wide
ranges of organie carbon concentration, al-
though the acid series includes more of the
highly organic samples.
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Sulfaic

Of the average level of 5.6 ppm SOy in all
the ‘“normal” lake waters, only about 0.9
ppm can have come as SO, from sca-water
(80,/C10.14), although it has been suggested
by Conway (1942) and others that 11,8 may
diffusec from the muds of the continental
shelf into the atmosphere and be oxidized
there, later to come down in atmospheric
precipitation.

Sphagnum bog peats accumulate sulfur
from the atmosphere, and may release it as
sulfuric acid (Gorham 1956), which probably
provides the source of acidity in these Nova
Scotian waters, many of which drain, or are
bordered by, Sphagnum peats. Ior in-
stance, among the granite lakes Purcell’s
Pond has a large peat bog immediately
along one side, and Silver Lakc a smaller
one, while the Punchbowl is entirely sur-
rounded by a Sphagnum mat. And the most
acid water on the Meguma gold-bearing
serics is that of Lewis Lake, which appears
from the map to drain large arcas of peaty
swampland. Webber ILake, also acid, is
part of the Sackville River system, which in
its upper rcaches appears to run through
extensive stretches of swampy land. Such
a mode of supply could account for the inter-
correlations between pII, SO4 and organic
carbon shown in Table 2. However, since
even the clearest lake waters contain more
than 4 ppm of SOy, the addition of sulfuric
acid from peat cannot by any means provide
the main supply of this ion. That rain is a
major source of SO, for these lake waters is
suggested by recent analyses of IHerman
(unpublished), who found an average of
0.96 ppm total sulfur, cquivalent to 2.9
ppm SOy, in rain collected over a two-year
period at the Dominion Ixperimental Sta-
tion, Kentville, N. 8. Moreover, rain SO,
would be concentrated somewhat before
reaching the lakes, owing to evaporation, so
that this value represents a minimum for the
rain contribution to lake water concentra-
tions.

Other possible sources for SO, in thesc
lake waters are the often rather organic
bottom deposits, where sulfur may accumu-
late in organic debris. Anaerobic decom-
position frequently produces H»S in thesc

sediments, and this is free to diffuse into the
overlying water and become oxidized to
H,S0, when oxygen is present.

Most rocks contain much less sulfur than
alkali and alkaline carth metals, and have
generally been thought unlikely to be a
major source of supply to fresh waters.
Ilowever, it may be noted that in the present
case the quarry ponds, with very little or-
ganic matter in their waters, both exhibit
high SO, concentrations, and the slate
quarry pond yiclds the most acid water
among those on the gold-bearing serics.
The slates round about Ilalifax are often
rich in iron pyrites, which may be the
the source of the observed acidity. It is
also intercsting that in the lakes draining
carboniferous strata therc is a clear corre-
lation between SO, on the one hand and Ca
and HCO; on the other. This may be
taken to suggest that a little CaSO, as well
as CaCO; is being weathered from these
rocks.

Organzc carbon

The lowest concentrations of dissolved
organic carbon arc found in the quarry
ponds, while the “normal” lakes vary from
2.5 ppm in the very clear water of Bluff
Take to around 10 ppm in lakes like Lewis,
Webber, Silver, Purcell’s Pond, and the
Punchbowl, all in peaty surroundings.
Both high and low levels are encountered on
all three rock types.

As might be expected, optical density in
these lake waters (at 320 mu) is closely re-
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lated to organic carbon concentration.
ITowever, the relationship is not strictly
linear, and Iigure 6 shows that the most
organic waters exhibit proportionally greater
optical densitics than thosc with a low
carbon content. Moreover, the peaty
waters from granite lakes appear to be more
highly absorptive than those from lakes
draining Meguma or carboniferous rocks,
with similar concentrations of carbon. It
is rcasonable to supposc that this may be
connected with the type of vegetation from
which the organic matter is derived, and
with its mode of deccomposition. The wa-
ter giving the highest ratio of optical density
to carbon (0.19) is that from the Punch-
bowl, which is wholly surrounded by a Sphag-
num mat growing out from decep Sphag-
num peat; and high ratios are also shown by
Silver Lake (0.15) and Purcell’s Pond
(0.16), where Sphagnum peat is abundant
in the vicinity. In contrast, thc peaty
areas draining into Webber and Lewis
Lakes, which show relatively lower ratios
(0.13), scem from the map more likely to be
sedge swamps, being largely developed
along the margins of the Sackviile River
system. At any rate, they seem unlikely
to be as strongly dominated by Sphagnum
as the peats beside the granite lakes men-
tioned, which arc all characteristic of sites
where there is little mineral soil influence,
and fairly stagnant conditions predominate.
Among the lakes draining carboniferous
strata the scnescent Nelson Lake yields the
highest ratio of optical density to carbon
(also 0.13). This lake is certainly still in
the phase of marginal fen colonization,
without much formation of Sphagnum peat.

The lowest ratio (0.07) comes from Bluff
Lake, with the least organic carbon among
the “normal” lake waters. It is not in-
coneeivable that in this instance the organic
material is derived more from organisms
within the lake, which arc certainly of dif-
ferent, chemical composition from Sphag-
num, scdges, or coniferous forest plants,
and arc quite probably susceptible to
different types of breakdown.

Adjustment of an acid water from Black
Lake to pTI 7.0 had no significant effect upon
the light absorption at 320 my, nor did
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F1a. 7. Light absorption by a highly colored
water with much organie carbon, from the Punch-
bowl, as contrasted with a very clear water low in
organic carbon, from Bluff Lake.

acidification of I'raser Lake water to pIl
4.8, the middle of the acidity range for the
present series of lakes.

To provide further information concern-
ing light absorption in these lake waters,
the spectra of Bluff Lake and the Punch-
bowl were measured between 320 and 700
mu. Ifigure 7 illustrates the great incrcase
of absorption in both waters with decreasing
wave length., If the Bluff Lake values are
multiplied by a factor of 3.9, the ratio of
organic carbon contents in the two waters,
it is evident that the Punchbowl has a rela-
tively greater absorption at the lower wave
lengths, and Bluff Take at the higher wave
lengths.  Dilution of the Punchbowl water

TapLe 4. A comparison of the proportions of
major tons tn Nova Scotian lake walers and in
the average fresh water of the world

Ionic proportions (m.equiv. %)
Lake type

II | Na | K |[Ca{Mg|HCOs| Cl| SOs

On granite 8 | 6213 |14 12) — | 64 36
On quartzite 1 (46| 536/ 13| 11 | 50| 39
and slate
Draining car- | — | 42 | 3 | 40| 14] 28 | 42| 30
boniferous
strata

Average fresh | — | 16 | 3 | 64) 17] 74 | 10| 16
water of the
world
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to one-tenth concentration decreased absorp-
tion to 10.5 per cent of the original at 320
mu, and to 7.9 per cent of the original at
500 mu.

DISCUSSION

lixamination of the cquivalent composi-
tion of “normal” lake waters receiving
drainage from the three geological substrata
investigated here reveals striking differences
from the world average composition of
fresh water (Conway 1942, Rodhe 1949),
as illustrated in Table 4. The Nova
Scotian waters are proportionally much
richer in Na and Cl, much poorer in Ca and
TICO3, and more acid than the world aver-
age, which reflects the abnormal balance in
Nova Scotia between the supplies of seca
spray and rock weathering products, the
former being somewhat high and the latter
extremely low, particularly on the granites.

I'rom the results of the present survey, it
can be scen that the main factors affecting
ionic composition in these lake waters arc
(1) the nature of the geological substratum,
(2) the influence of topography as expressed
in the accumulation of both mineral sedi-
ments and peat in and around the lake
basin, and (3) proximity to the sca.

In connection with geological influences,
the levels of Ca and HCO; in the Meguma
lakes present certain problems.  Quartzite
is generally considered to be one of the
most infertile soil parent materials, slow
in weathering, and usually lower in lime
even than granitc. Morcover, the local
quartzite terrain is deseribed by Gold-
thwait (1924) as closely resembling that of
granite, and similarly barren. On the
other hand, he remarks that slate yields a
much more productive and fertile landscape.
I'rom this account one might expect the
quartzite lakes to resemble the granite lakes
in their calcium and aeidity levels, rather
than the other Meguma lakes on slate, to
which they do correspond in fact.

The rather high Ca and IICO; status of
IYish, Tucker, and Mt. Uniacke Gold Mines
Lakes relative to the others on the Meguma
series is also difficult to account for. Since
Tish and Tucker Lakes lie close to the axis

Brunswick, At

of the great Shubenacadic Grand Take
valley which runs south from the softer
rocks of the Hants-Colchester Lowlands,
they may have received drift richer in lime
from the ice-sheets moving southward
along this route during the last glacial
period. And Gold Mine Lake may also
have acquired such material during the
southeastward advance of the ice from New
present,  unfortunately,
evidence to support these speculations is
wholly lacking, and it is obvious that the
factors determining the lime content of the
Meguma waters require a good deal of
clucidation. Studies of soil profiles, both
mincralogical and chemical, would be of
much interest in this connection.

The chief value of the present survey
may perhaps lic in the provision of a back-
ground for further ccological studies. Pri-
mary differences arc clearly evident in both
calcium concentration and acidity of waters
on the three types of geological substratum,
and since the lime concentrations in all
three groups are extremely low in compari-
son with most fresh waters, it would be very
surprising if there were not associated
differences in soil profiles and vegetation,
both within the lakes and in their drainage
basing. It might also be worthwhile to
look for differences in organic production,
with particular reference to the production
of trout for angling. A comparison of
peaty and clear waters might also be of
interest here.

A last point to be remarked is that all
these areas have probably been subjected
to repeated burning and cutting, and have
in conscequence suffered a good deal of soil
degradation and vegetational change within
historical times (ef. Smith 1835, as quoted
by Gorham 1955b). Such factors may well
have influenced lakes in these arcas.
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