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ABSTRACT ]

supplies and losses of nitrogen, phosphorus, and organic carbon

were measured at Char Lake, N.IV.T. ín 1972 and 1973. Parameters measured

were inflows, precipitation, outflow and sedimentation

Total supplies per square metre of lake area were 2.46 g organic ,,.,.,,,

-1 -t -lcarbon ( C" ) yr', 0.32s g N yr-', and 0.024 g p yr-t as r two year mean.

onIyI29"ofNandPandL69oofa11ochthonousCoenteredthe1akein

direct precipitation. Allochthonous Co was found to be a minor 
"l',',
ì'l t''

component (ig.S%) of the Char Lake Co budget 
:,,,,,The lake was relatively inefficient in retaining nutrients. 0n1y ¡,,-

63eo of the N supply and 55% of the P supply were retained. Outflow losses I

I

:of C" were minor (8.9u"). 
)

sediments were found to be unevenly distributed. They were 
i

i

Ìthickest in the moss zone and at the maximun hrater depth ( z^ ). 
i
)

Fine sediments were absent near shore and thin in water depths of 
i

Ì15 to 20 metres 
I

Low concentrations of Co, N, and p were found in the sedinents

and these varied from place to place in the 1ake. The sedinents hrere

found to contain only 45eo of, the N retained by the lake, and. 17%

of the Co not accounted for by other losses. Sedimented P accounted

for 1I7% of the amount retained by the lake.

Factors affecting the supply, losses ., and sedimentation of co,

N, and P are discussed.

r'::l

.:: '..
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INTRODUCTION

' Char Lake was the subj ect of an intensive productivity and carbon

flux study from 1969 to 1973 as part of the International Biological

Progran. An allochthonous organic carbon ( allochthonous co ) budget

was required to deternine the inportance of external Co sources in the

total Co budget of the lake.

The purpose of this study was to measure the supply, stoïage ( i.e.
net sedinentation ), and outflow rosses of Co at Char Lake. Nitrogen

( N ) and phosphorus ( P ) were also studied because of the importance

of the supply of these erements in controlling planktonic prirnary

productivity in lakes ( vollenweider, 1968 ). char Lake has one of the

lowest rates of planktonic prinary production known ( Kalff and Welch,

7s74 ).

This is the first study in which supply, outflow losses, and

storage oi co, N, and P have been studied sinultaneously in one lake.

Conbining these with studies fron other project members enabled the

construction of budgets for Co, N, and P. Factors considered for the Co

budget are given in Figure 1.

l-: : --': ,

Production estimates for Char Lake have been published in Welch 
i;,,¡,:,;,',"., .,:_..:.._:

and Kalff ( 1974 ) and Kalff and Welch (1974 ), allochthonous Co estin- 
.:,,,.:,i.,,,.

ates in Stocker ( Ig72 ) and de March ( 1975 ), Co outflow losses in 
.: ::

de March ( 1975 ), respiration estimates in welch ( rg74 ) and welch
i

and Kalff ( 1974 ), and a preliminary estimate of co storage in Rigler .::r.. ..:
;, ,,,,.1-.r.',r'( I974 ), Dissolved inorganic carbon was neasured by Schindler et a1.

( 1974 ). The results of these studies are summarized in Table 1. N and

P supply and outflow losses for one year ( rgTL ) were reported in

schindler et al. ( rg74 )- some of the L972 and r97s resurts from the 
r.::'::::.:::-:r

present study were published in de March ( 1g7S ). r:,''-':,:,:.:;.1:
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Figure 1. A simplified version of
showing parameters that
in g c r-2 luk" area yr

the carbon cycle in
have been measured.

_'l'. Production values

Char Lake,

All values are

are from Table 1.
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' Few papers have been pubrished on sediments in polar lakes.

schindrer et a1. ( rg74 ) mentioned the chemistry of interstitial
vraters in char Lake sediments, and. Kalff and welch ( rg74 ) gave an

estinate of Co concentrations in Char Lake surface sediments. coakley

and Rust ( 1968 ), Brunskill et al. ( rg73 ), and Livingstone et al.
( 1958 ) all reported sediment ð.ata, but in northern lakes which are

not conparable to char Lake because of their geographic location or

their geological setting.

Many authors have used organic carbon as an indicator of past

environmental conditions in lakes ( e.g. vallentyne and swabey, r9s5;

Mackereth, 7966 ), but none have attempted to determine the totar
anount of c" stored or an aYeïage sedimentation rate for co over the

history of the lake. Rich-anci Wetzel ( 1972 ) reported a storage rate of
_', _114.8 g co m'yr ^ for Lawrence Lake, but used onry a singre core to

derive this figure.

One factor preventing such attempts is that lake histories are

usually determined from cores obtained at the deepest point in the lake

( z^ ) ( e.e. Mackereth, 1966; Livingstone and Boykin, 1962 ). when a

series of cores has been taken over an extensi_ve area of a lake, they

have been used for studies such as the rnineralogical studies of Coakley

and Rust ( 1968 ), or the turbidite studies of Ludlam ( rg74 ) . An ex_

ception is Tessenow ( 1972, Lg73a, rg73b, 1g74a, rg74b ) who studied the

upper sediments of a small area of a bog lake in great detail, exarnining

the factors affecting the sedinentation and rnigration of phosphorus.

rt has 10ng been realized ( oh1e, rg62; Ludlam, rg74 ), but not

been stressed often enough, that more sedinent collects in the deeper
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parts of lakes than in the shallows. There are also physical and chemi-

cal differences between sediments of different depth zones of a lake

( hrhittaker, 1922; Coakley and Rust, 1968; Tessenow, 1973a, Ig73b ).
Extrapolating over a whole lake from a single core that represents the

unique conditions at Zm is, therefore, not justifiable.

In this study a relatively large number of cores was obtained in

order to map the distribution of sedinents in the lake, and to esti-

mate a ttruer sedimentation rate for the lake as a whole, rather than

lust at Z-m
The Study Area

Char Lake is a polar lake ( Hutchinson, ig57 ) at 74o47t N.

latitude and g4o50tW. longitude on Cornwallis Island, N.W.T. It is

situated approximately 1.5 km fron the Arctic Ocean and 1.5 kn fron the

Resolute Bay Airport ( Fig. 2 ).

The lake is roughly circular in shape ( Fig. 3 ), has an area of

52.6 ha., maxi.mum depth of 27.5 n and a mean depth of 10.2 n ( Rigler,

7972 ). The watershed C A' = 403.7 ha. ) is underlain by Silurian

linestones and dolomites of the Read Bay Formation ( Thorsteinsson,

1953 ). The terrain is thinly mantled with frost - shattered rocks,

mineral soils, and narine c1ays. Continuous permafrost underlies the

watershed with the active layer penetrating to a maxirnum depth of 0.5 m

in August. Plant cover, consisting of mainly Salix arctica, Saxifraga

oppositifolia, Draba .@ina, and Papaver radicum, is only S - 7eo with

an annual production of I to 8 g organic matter n-2 yr-I ( nrkay, 1972 ).

Four nain streams and numerous temporary rivulets drain the water-

shed f FÍg. 4I. streams 1, 2, and 3 drain a plateau and scarp along

the northeast shore of the 1ake. Strean 1A drains a relatively level

aréa on the north shore. The Departrnent of Transport removed gravel
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Figure 3. A bathynetric nap

and rsiltyr zones.

shown. After Welch

of Char Lake showing the rocky, moss,
Positions of the sediment cores are also
and Kalff ( 1974').
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Figure 4. A nap of the drainage basin of Char Lake showing the
najor sub-basins and the najor streams. After Stocker

( Le72 ).



11

I
I
t
I
I
t/--

-/- \

t -'

t,
I
I
\
\ wrsr
\tr SHORE

\ \

STREAM E ,,//
I

f
\' I\/\./

STREAM 3

\----\ 
-- -\a

é'-,,_r-/''ra
z--\ \

t I
I

I
I
I
t
\
t
,
I

t/

srR. I ì-----'/

CHAR ÞIILL
'í-----l

// STREAM tA,t/ t,\iu t

CHAR LAKS

/ ----//--\.
SOUTH I ì

).. SHORE \tt- 
,'\--l

\l

N

\



:ïr1.;iri:.:.'¡;;:i:.;n:jë¡,i1:,1,.+i.¡l¡:¡¡íiìi..i- -::iì:.:ì.. i:::ì:'.

this area for runway construction from 1969 to rgTs ( Fig . 2 ). Frozen
ground from below the active rayet was continuatly exposed to the sun

and melting occurïed in July and August

The Resolute Bay area is a polar desert with annual precipitation
averaging only 13'6 cm. About half of this falls as snow between septem-
ber and May ( McCann et al. ,'Ig72 ).

The bottom of char Lake can be divided into three major areas
( ltrelch and Kalff , rg74 ) ( Fig. g ) . The rocky zone extends from rhe
lakeshore to a depth of about 2.s rn and covers an area of rs.S ha., or
29.4% of the lake area ( üJelch and Kalff, rgz4 ). The only fine sedi_
ments are between the cobble sized rocks in the shallow parts of this
zone' but are thicker and can be cored in the deeper païts

The rnoss zone extendg from the lorver edge of the rocky zone to
bett¿een 5 and 20 m. Generally the botton is covered with a l0 to 20 cm

thick layer of noss, only the upper portions of which are living. There
are mossless patches within the rnoss zone, especiarry on the west side
of the lake. The total area covered by the noss zone is 12.6 ha. or
23'9eo of the lake area ( rvelch and Kalff , rg74 ). Mossless patches
in the noss zone cover 2 ha. or 3. B% of the lake area ( Rigler, Lg72 ).

The remaining 22.5 ha. or 42.9% of the lake area constitutes the
fsiltyr zone fl{elch and Kalff, rg74 ). rts surface is either bare silty
sedi¡nent, aIgal mats or other grolths of benthic algae.

sone areas ( Fig' 3 ) have boulders with little fine sedirnenr near
tñern. They occur on steeper slopes of the lake bottom.

t2
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METHODS

I. Nutrient Budgets

Water samples from the four main streams, the lake ( as a vertically
integrated 10 m sample ), and the outlet were collected ð,aiLy during

the period of maximun runoff and twice weekly thereafter. Smaller in-
flows were sanpled at less frequent intervals. Atl hrater samples were

filtered through Whatman GF/C glass fibre filters which had been ig_

nited at 500oc for 10 hours. Filters were retained for analysis of
particulate C, N, and P ( particles4rv I ¡: ).

Snow depths and densities were measured on tïansects covering the
whole drainage basin in L972. In 1973 densities hrere measured at a

number of points in the basin and the mean basin depths hreïe extrapo-

lated from snow depths on the lake. These measuïeÌnents and snow samples

for chemicar anarysis were taken at the end of May in both years. At

this tine, snow depths were at ijreir maximum.

Bulk summer precipitation samples were collected i" a f m2 acryric
funnel on the shore of the lake near the outlet.

Itlater samples were analysed for conductivity ( on a Beckman con_

ductivity bridge, with results reported in ¡.rmhos .r-l "a zs"c ),
dissolved and fine particulate organic carbon ( Doc and Fpoc ), nitrogen
( TDN and FPN ), and phosphorus ( TDp and Fpp ) fron May to August in
1972 and 1973.

Methods of analysis were according to stainton et ar. ( Lg74 )

with the following excePtions. samples for the analysis of TDN and TDp

were sealed in ignited glass anpoules ( t hr. at 500"c ) and autoclaved

for later analysis. Because large amount of inorganic carbon ( cOs-c )
were present in particulate samples, half of each filter for Fp0c was

analysed for total c in either a carlo Erba t"todel 1100 c-H-N analyser

r:.t. .¿ -a r.i-.:¡-

I3



or a Perkin Elmer Model 240 c-H-N analyser, and the other half for

co.-c by the method described for sediments in stainton ( rgTs ). Fpoc5'

was obtained by difference. Precisíons of the nethods are given in

Stainton ( 1973 ) and Stainton er al. ( 1974 ).
To sanple large particulate matter, screens of 6.35 mm mesh size

were placed across one channel of each of the major streams near the

point at which they entered the lake. Downstream from these were placed

samplers of the inverted funnel type ( cushing, 1964 ) with nets of I mm

nesh size. Nets and screens were cleared every few days in 1972.

Nutrient inputs to the lake were calculated as follows. The volume

of water present as snow in each sub-basin was calculated fron the

average depth and density of snor¡/. The volume of rainfall was added to

the snow vrater volume and the total multiplied by the unweighted mean

concentration of Co, N, and P in stream water. The lack'of weighting is

partially conpensated for by the fact that samples were taken 3.5 tines

¡nore often during the period of maxirnum runoff than at other tines.

II. Sediments

L4,

Fifty-four sedinent cores from 25 to 104 cm in length were obtained

either with a mini - Mackereth piston corer ( Mackereth, lgss ) using

acrylic core tubes of 5 cn inside diameter, or by SCUBA and manual

driving, using the sane tubes. Cores were obtained in June, July, and

August of 1972 and 1973. Fifty were obtained for the purpose of deter-

mining losses to the sedinents of co, N, and P; seven from the lower

rocky zone, seventeen fron the moss zone, and threnty-six from the

rsiltyr zone.

Cores were extruded by forcing thern up the tube with a piston

powered by a manual water pump. Cores 2 to 33 were sectioned every 2 cm
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to 10 cm core depth, then at alternate 5 cm intervals
Cores 35 to 55 had the 0 to 1 and I to 2 cn sections

h'ere sectioned at 2 cm intervals to 10 cn and at 5 cn

bottom.

to the bottom.

separated and then

inter:vals to the

Each' core section of known volurne was weighed to determine its wet

density. After homogenization and drying at r05o c, the dry density
( i.e. ¡nass of dry materiar per unit of wet volume I d ] was carculated.
water contents were calculated as the ross of weight on drying. After
drying, sedinent samples were ground to a powder in a nortar, then stored
in glass viaIs.

For the following analyses, sma1l samples ( 2 to 20 mg, depending

on the analysis ) were weighed out in pïe - weighed aluminum pans on a

Cahn Model G electrobalance. Samples were redried at 105oC and cooled

in a desiccatoï before the final weight determination. All analyses

were performed in duplicate and the results averaged.

Total C and N were measured on a Carlo Erba Model 1100 C-H-N

analyser, cOg-c by the nethod of stainton ( 197s ), and co was obtained

by difference. P was determined by the method of Stainton et aI. ( 1974 ).
A snall nunber of samples was subjected to x-ray diffraction

analysÌs for the qualitative deterrnination of the major nineral

components ln the sediments

The recent sedirnentation rate at z^ was estimated using th" 210pb

dating nethod ( Kipphutr pers. conm; see also Koide et al., IïTS ).
sediment thicknesses through the zone date d ( 2 to I cm ) were re-

calculated at the density of the t-op 2 cn to give a sedimentation rate

at that density. This vatue was recalculated to give a rate at the nean

conpacted density of the sediment ( mean density from 8 to 83 cn )

" :t -rl
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No radiocarbon dates were obtained, thus, an age for the lake had

to be determined from uplift data in the literature. using the age of
the lake calcurated from data in Andrews ( 1968 ), Andrervs et al. ( 1971 ),
and Blake ( 1970 ), and the sedimentation rate from the 210pu dating, a

maximum sediment thickness at zm was calculated. Maximun sedinent

thicknesses in the moss zone v/eïe extrapolated fron the available data
( this study ).

To calculate the masses of co, N, and p in the sediments, a map

of sediment thicknesses ( Fig. 5 ) was drawn using the 23 cores that
reached the lacustrine - rnarine interface ( see resurts ). Areas between

sedinent thickness isopleths hrere measured by planimetry. Masses of
each element l{ere calculatec using the nean concentïation weighted by

section thickness and the-mean thickness and the area of sediment be-
tween isopleths. rDoughnutr shaped areas were treated as rectangles
with width equal to the nean radius of a torus of equal area. The vol_
ume below the minimum thickness of an area ( for example the sedinent
from 1 to 2 m deep in the area between the 1 and 2 n thickness lines )

I{as assumed to have a triangular cross section, and the elemental mas-

ses hrere calculated accordingly.

concentrations of elenents in sediments berow the depth of cores

which did not reach the marine sediments were assurned to equal the
mean concentration of the lowest 30 cm of the core.

Diyidi¡g tlre total nass of co, N, and p in the sedirnents by the
e.stinaced age of the rake gave net sedimentation rates averaged over
the whole period of lacustrine sedimentation. A nean sedinent thickness
ruas calculated from the area of the lake and the total wet sediment

volurne.



Figure 5. A map

Values

cores

of lacustrine sediment thicknesses in Char Lake.

given are in centimetres- Position of sedinent

are shown by dots.
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RESULTS

I. Precipitation

Total precipitation, including snowpack, hras extrernely 10w, only
15.84 cm of h/arer in rg72 and 12.97 cm in r97s ( Table 2 ). At rhe

Resolute Airport weather station the recorded precipitation was lower

than the 13.6 cm average in both years ( Atmospheric Environment

Service, 797I, 1972, and Ig73 ).
The stream watersheds and lake surface all received different

amounts of snow because of their different topographies. These differ-
ences and strean basin areas were taken into account in calculating
the water and nutrient budgets ( Tables 2 and 3 ).

Based on ny rg72 and 1973 precipitation'data, and ignoring evapor_

ation and evapotranspiration, the theoretical water renewal tine for
Char Lake is 9. 2 years.

Concentrations of P and N in precipitation were low and sirnilar to
values reported for the area by schindler et al. ( 1974 ). co concentra_

tions were also low ( Table 4 ).
Total atmospheric supplies of N, p, and co were small. only sma11

portions of these supplies ( 12% of N and P and 16e" of co ) fe1l directly
on the surface of the lake ( Table 3 ).

The terrestrial portion of the drainage basin retained only sma11

percenrages of N and p supplied by precipitation ( Table 5 ).
II. Terrestrial Drainage

concentrations of co, N, and p in the undisturbed streams were

low ( Table 6 and Appendix 1 ). There were variations between streams

and between years, but these were rerativery minor compared to the

differences between the undisturbed streams and strean lA, disturbed by
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Table 2. Areas of the lake and the terrestrial

and the precipitation anounts in 1972

hectares, precipitation values are in

watershed sub-basins,

and 1973. Areas are in

centinetres.

I972 I973

Sub-basin Area Rain Snow Total Rain Snow Total

Stream 1A

Stream 1

Stream 2

Strean 3

CHl

WS2

$s3

Lake

31. 09

26,54

r00. 94

r02.76

34.I8

39.52

16.07

52.60

5.91

L2.62

13. 90

13. 90

7.84

7.78

13.70

7.78

r0.64

L7.I7

18. 45

18. 45

L2. s9

12.33

18.25

12.33

9.40

13.82

74.67

14.6I

10. 66

10.68

14.52

10. 68

4.55

4. 5s

4.55

4. 5s

4.55

4.5s

4.5s

4. 55

5. 55

s.55

5.55

5. 5s

5.55

5. s5

5. 5s

5.55

3. 85

8.27

9. 06

9.06

5.11

5. 13

8.97

5. 13

Average

1'char Hitt
2'West 

Shore

3' So.rth Shore

4'subbasins are shown in Figure 4.

4.55 Ll.29 15.84 5. 5s 7 .42 12.97
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Table 4- Concentra.tions of

in some Tenperate

Co, N, and P ín precipitation

locations. Concentrations are

at Char Lake and

given in ¡g t-1.

DOC FPOC TDN FPN TDP FPP

Snow 1972

Snow 1973

Snow avg.

Rain 1973

I2OB

r639

I423

4295

s63

381

372

330

743

L54

r47

29I

27

100

64

163

8.0

10. B

9.7

76.3

3.r

18. 8

11.0

Ls.4

Hubbard
Brook

Clear
Lake Rain

Snow

ELA Snow

6400r 16g02 u

7SS4 '

gss4 u

150-43s5

8. 03

Ã
77 .s'

¿.10.s'

2-32525-605

A
3.5 '

¿.
48'

r-45

l' Jordan and Likens ( 1975 )
2. Likeds et al. ( i970 )
3' uobbi." -*0"" s ( I9T3 )
4' Schindler and Nighswander ( 1970 )
5' Barica and Armstrong ( 1971 )
a' 

NH, + NO, only.
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Table 5. Retentions ( + ) or losses ( - ) of N and p supplies as a

percentage of precipitation input to the four main strean

r,rater sheds at char Lake and at the I{ubbard Brook and

Ralson Lake watersheds.

TDN FPI{ TN TDP FPP TP

Strean 1A 1972

L973

Stream I Ig72

L973

Strean 2 L972

1973

Stream 3 L972

7973

Hubbard Brook

Rawson Lake

-391 +63 -320 +3I -150 -101

-454 +83 -293 +5 +73 +4I

-103 +72 +16 -109 -110 -109

-138 +81 +J +I7 +73 +52

-118 +63 +2 +24 +13 +19

-130 +89 +15 +31 +73 +55

-100 +77 +19 +19 +45 +30

-136 +91 +11 +15 +77 +S0

+681

+g43

*782

+843

1^' NOs * NH4 N 2 yr average for watershed 6, Likens et ar. ( 1970 ).
2' Losses include P in large particles (> I mn ) in watershed 6 for r yr,

Hobbie and Likens [ 1975 ).
3' Schindler et al. ( in prep. ), four year mean.
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airport constïuction. conductivity, DOc, and TDN were much higher in

stream 1A while FPOG and FpN were somewhat higher'( Table 6 and Appen-

dix 1 ).

The nost inportant factor influencing supplies of N, p, and co to

the lake from the terrestrial drainage appeared to be the amount of

hrater flowing from them. This factor in turn was influenced by the

anount of snow collected by the stream basin, but was more dependent on

the streamts watershed area ( Table 2 ).
The inverted funnel sanplers in the streams caught virtually noth-

ing ( less than L% of total Co )and were abandoned. The total mass of
particles caught by the scïeens also contributed less than 1% of the

allochthonous Co and was ignored. Over 99eo of allochthonous Co was in

the DOC and FPOC fractions

III. The Lake and Outflow

concentrations of co, N, and p in the lake were 1ow and varied

little throughout both summers. Except on a few dates, they were higher

than concentrations in the outflow stream until the end of the mett

season ( Appendix 1 ). This fact is explained by the dilute layer of
water that forns under the ice in sumrner ( schindler et a1., rg74 ).
rt is water fron this layer that flows out of the outlet.

co, N, and P concentrations in the outflow, then, were lower than

those in the lake. Percentage losses of N and p through the outflow

are relatively large, however ( Table J ).
Inverted funnel sarnplers in the outflow stream caught srnal1 amounts

of material such as invertebrate exuviae and small numbers of young

Arctic Char. It was decided not to include this naterial in the budgets

for two reasons. First, it was impossible to quantify without accurate

water flows, and second, r believed that outflow losses of
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large particulate material were insignificant because supplies of large
particles were insignificant.

Other losses of material from Char ¡¿¡s,such as chironomid ener_
gence and fishing by Arctic Terns, weïe not considered. chironomid

emergence can account for no more than 4% of the N and p supplies to
the lake, and Ieo of total Co ( based on data in Welch , IITS ).
IV. Sediments

All sedinent cores had the surface layer intact with the exception
those obtained in the noss beds. The moss had to be pulled aside
order to core the sedinents below.

Four facies were identified in most cores. They could be separated

by colour, texture, physica]-, and chenical di.fferences. The upper two,
cl 1 and cr 2, are lake sedirucnts , cr s probably represents the time
during which the lake was in t::ansition from a bay in the sea to a lake,
and the time it took to clear of salt vÍater. cl 4 represents the marine

stage.

rn areas with no moss cover, cores exhibited a I to 2 cm orange-

brown surface layer of high water content ( cl 1 ). Below this, cr 2

was denser' grey'' and in cores from deeper parts of the lake, laminated.
cl 3, below a usually sharp transition, was not present in all cores.
rt was finely laminated wÌth bands of brown or black alternating with
bands of white or grey. There were up to 10 band pairs peï nm.

' cl 4 was reached in 23 cores. rt was a honogeneous, dense, grey

sedirnent which usually contained small stones and marine fossils such
as sea urchin spines ( Strongylocentrotus droebachiensis ) and mollusk
shells ( 

"..g. Astarte crenata, cyrichna scalpta, and Nuculana pernula ).
Joined pairs of N. pernula valves were found in two cores, while other
cores contained conplete valves of other species with periostracum

of

in
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intact

In all cores, the sediments were denser, and contained less water

with increasing sediment depth. concentrations of co, N, and p were

generally 1ow with the highest levels in cl 1 and cl 3. The greatest

changes in concentrations, sediment density, and water content occurred

through the top 10 cn of sedinent and through cl 3 ( e.g. core 6 Fig. 5;

more core'data nay be found in Appendíx 2 ).
Phosphorus concentrations were fairly constant between lake bottom

zones, but Co, N, and CO,-C concentrations were highest in the moss and

lower'rocky zones and rowest in the rsiltyt zone ( based on the mean

concentrations of all lacustrine sediments in all cores ). Appendix 4

discusses the distribution of Co, N, p, and COS_C in sediments of
different lake bottom zones

cOs-c concentrations were 1ow in cl 1 and cr 2, but rose through

Cl 3 and were high in Cl 4.

x-ray diffraction analysis of sedinents in cl 1 and cl 2 confirmed

the low concent'ations of cor-c. There were smal1 amounts of calcite
and dolomite, but quartz was the rnajor nineral. There were also traces
of clay rninerars. c1 g and cl 4 contained predoninantly carcite and

dolonite in approxinately equal amounts. Quartz and traces of unidentí-
fied minerals were also present. A possible explanation for the low con-

centrations of c03-c in char Lake sediments is given in Appendix 3.

Two rock samples from the watershed proved to be calcite and dolo-
nite respecti.vely ( by X-ray diffraction ). Both contained quartz. A

soil sample from the delta of stream 2 contained mostly calcite with
quartz and some dolomite.

A 'mean of maxinum and minim'm ages for the emergence

Lake calculated from data in Andrews [ 196g ), Andrews et

level of Char

al. ( 1971 ),



Figure 6. I{ater content ( as a % of wet weight ), density ( d ) ( dry
weight per unit of wet volume ) , and concentrations of co,
cOg-c, N, and P-in the sediments of core 6 in the rsiltyr
zone. Chemical concentrations are as a % of dry weight.
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and Blake ( 1970 ) was 6200 years. This figure, based on currentty avair-
able data, is I approximately 5000 years.

Figure 4 and the sedimentation data in Table 7 are based on the
6200 year age and a 0.5 mm yr 1 e O.S2 g cn-3 sedimentation rate at Zm

(2700u dating, G. Kipphut, pers. comm. ).
sedimentation results based sorely on the core taken at z^, and

not taking into account the physical and chenical differences between

cores' are also given in Table 7 for conparison with the results based

on 50 cores.

The extremely uneven distribution of sediments in char Lake

( Fig. 5 ) is discussed in Appendix 6.

Losses of co, N, and p to the sediments were found to be sma11

( Table 6 ). P sedinentation ir.greed well with the difference berween

supply and outflow loss in the budget ( Table 3 ) ( rr2e" of expected ) .

N storage ( Table 7 ) was 4s% or the difference between supply and out_

flow loss ( Table 3 ). stored co ( Table 7 ) was onry LTeo of the co not
accounted for by respiration and outflow loss.
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Table 7. Perrnanent storage of totar sediment ( TS ), co, c03-c, N and p in
Char Lake. Given are the total aïount of substance stored in the

sediments in kg, the rate of permanent sedimentation in g n-, ,r-r,
and the concentÏation of each substance as a nean % of sediment dry
weight.

Total Rate Conc.

TS

Co

co--c
5

N

P

108

3.28 x L06

1.55 x 106

2.83 x 105

5.84 x 104

30,7

1.0

0. 48

0.087

0. 018

3.2

1.6

0.28

0. 059

Table 7a- The same data as above calculated from a single core from Z, and the

erlor as the factor by which the 7a value is greater than the 7

value ( i.e. ? ) foï totals and for rates.

Total Rate Conc. Error

TS

co

c03-c

N

P

8.3 x 108

9.85 x 106

7.42 x 106

1.66 x 106

4.74 x IoS

255

3.0

2.4

0. 51

0. 146

L.47

0. 94

0.20

0.057

8.3

2.7

4.8

5.9

8.1
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DISCUSSION

I. Co, N, and P Budgets

Supplies

(a) Atmosphere . :.
::. t..:.:.:1a;.::

Supplies of Co, N, and P to the lake are controlled by the

dry climate of the high Arctic. The extremely low arnount of precipita-

tion ( Table2) conbined with 1ow concentÏations of Co, N, and P in 
;;,:,,:,...;;-:,.
r.':.::::,:.precipitation ( Table 4 ) results in the small atnospheric supplies of i,;:'r:''j;i.;i

these elernent,s. ;,.,.''...,",..t.,,
j:::'::-: :.-::..:.::

Because of the small atnospheric supplies of N and p, char Lake
)received inputs of these elements that wer-e smarler than in more 
i

southerly lakes ( e.g. Vollenleider, 1968; Kirchner and Dillon, r97s; j

i

Schindler et a1., in prep. ). 
I

i(b) Temestrial Watershed

iRunoff fron the land at Char Lake was a more important source of
iNandPthanatTemperate1atitudesanda1essimportantSourceofCo

AtCharLake88%oftheNandPinputswereinrr¡noff,comparedto509o

at Rawson Lake ( a lake of similar size and watershed area at the i,','¡:'¡,:.,.,',', ,., _i.

Experinental Lakes Area ,Northwestern Ontario (Schindler et al.,in prep.)). .:,,:.:=::,'::,.:..,,
'..':-.:.;.

Although the Char Lake watershed exports less N and sinilar amount

of P compared to Tenperate watersheds, the exports as a percentage of

atmosphericsupp1iesaremuchhigher.TheRawsonLakewatershedretained
¡,,;.,.;.t ',':.,,,',,

rnore than B0% of its N and P supplies while Char Lakers watershed re- 
:i":':'::r::

tained onry 2% of its N suppty and 7% of its p supply. The difference

is the plant cover which is alnost non existent at Char Lake, but which
':at Rawson Lake consists of dense stands of pine and spruce which retain : . : ..

nutrients. ''-"-':'.::.::
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conversely, the absence of plant cover at, char Lake linits the 
::'

allochthonous co to 2.46 g co ^-2 yr-1 or lr% of the takers total co.

At lvfarion Lake a complete forest cover provides forest litter that

amounts to 240 g Co m-' ,r-I or 86% of the lakers total Co ( Efford,

1969 ) . ,,

Two major factors influenced the export of co, N, and p fron the

terrestrial watershed to char Lake. The first was the amount of pre-

cipitation, especialty snow. The lower precipitation and, thus, flow ,

";',:'.i'vorumes ín 1973 resulted in smaller anounts of FpOc, FpN, and Fpp

leaving the land in that year ( Table 3 ). concentrations of TDN and ,,..',

TDP increased with the lower flows, and their export renained about the 
'

same ( Table 3 ).

The second and more important factor affecting terrestrial nutrient

export was ground disturbance. Stream 1A received water'from melting

pernafrost and this resulted in the elevated conductivlty and ooncontra-

tions of TDN, DOc, and TDP ( Table 6 and Appendix I ). The mechanism

by which permafrost water becomes enriched in salts and nutrients is

not completely known, but is probably the result of freeze - thaw

cycles and migration of the permafrost table.

Losses

Co is lost primarily through respiration. This loss accounts for

67.5eo of the co in char Lake ( welch and Kalff, rg74 ). some of the

co, resulting from respiration probably leaves the lake through gas

exchange because the partial pressure of c0, in char Lake is above

atnospheric equilibrium in the ice free season ( Schindler et al., Igj4 ).
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compared to respiration, losses of co through the outflow ( g.g% )
and storage in the sediments ( 4.zvo ) are not very important. 19.4% of
total c" in char Lake is unaccounted for and probably represents erïors
in the tneasulrements of alI the paraneteï.s.

N and P losses froin the outlet were relatively high compared to
Temperate oligotrophic rakes ( e.g. schindler and Nighswander, r970;

vollenweider, 1968 ). The two year aveïage p retention of s5% ( Table J )

was considerably lower than the BSeo P retention predicted by the nodel

of Kirchner and Dil1on ( 197s ). This suggests that char Lake is rela-
tively inefficient in utilizing its nutrient supplies. This may be be_

cause of lol light levels and temperatures or possibly because there

is such a fast flow through of nutrients in the spri.ng before enough

phytoplankon has developed to utilize then.

The difference between retention of P and the amount found to be

stored in the sediment l^/as so sma1l as to be insignificant. The values

rnay have been closer if precipitation in 1972 and, 1973 had not been

below normal I i.e. p inputs were rikery lower than normal ). The

difference l{as also smaller than the naturar variation in nutrient in-
puts that can occur between yeaïs ( as much as a factor of 2 variation,
Schindler et al., in prep. ).

Most of the p retained by the lake was that which entered in
particulate forrn. ( Table 3 ). Tf a rarge part of this p sank to the

bottom without entering into the netabolism of the plankton, the effec-
tive P load would have been approximately 0.011 g 

^-2 yr-t ( r.u.TDp
onry ) rather rhan 0 .02s g n-2 yr-1 ¡ rruru s ¡. This value would be

nore consistent with the extremely 10w planktonic primary productivity
2 _1of 4.2 g Co m ' yr- ' ¡ tralff and Welch , Ig74 ).

!_.,'i"'.'
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variatio' in the suppry of N to the lake is extremely small
) -1( 0.314 g m'yr-'i-n rg7r, schindler et ar., rg74; 0.314 g 

^-2 yr-r
ín t972, and 0.317 g n-2 yr-r in t97s I Tabie s ] ) and is probably

not a factor that can explain the fact that only 43% of the N presumably

retained by the lake can be accounted for in the sedinents. A possible
rnodern increase in N suppry to the lake and possibly release from the
sediments seem to be the only explanations.

II. The Sediments

The 0.5 rnm yr-r sedimentation rate at z^ ín Char Lake is similar
to figures repoïted in other lakes , such as those in the Engrish

Lakes District where sedimentation rates of 0.45 to 0.60 mn yr-l 
""""

reported by Mackereth ( 1966 ). concentrations of co, N, and p, how-

ever are at the 10w end of the ïange reported by Brunskill et ar.
( 1971 ). This is not unreasonable in a lake of such low productivity
situated in a watershed where terrestrial production is a].so low.

Extrapolating sediinentation rates frorn a deep hrater core to the

rest of the lake ( Tables 7 and 7a ) resulted in large overesti-nations

of average sediment thickness for the 1ake, total mass of dry sediment,

the sedimentation rates of Co, N, and P and of overall sedimentation

rates. The error factors ranged from 3 to g in char Lake which is
rnorphometrically simple but courd be much higher in other lakes, depen_

ding on a number of factors, including the comprexity of lake inorphome-

tTy, configuration of the inflows and outfloh,s, and the presence or ab_

sence of a littoral zone.

In Char Lake, where the moss zone dominates

futile to say anything about sedinentation over

deep water core. Oners remarks would have to be

gy f for Char Lake paleolimnology see Appendix 7

the sedinents, it is

the rvhole lake from a

linited to paleolimnolo-

), and sedinentation



37

at that point in the lake. In order to obtain accurate data on sedinen-

tation in lakes one nust ensure a thorough sampling pïogram.

It became evident from my data that a more useful method of pre-

senting sedimentation data than in nûn yr 1 would be to give the nean

sedinentation rate of each element considered or of total sediment in
-2 -lg m - lake area yr -. This allows easier compaïison between lakes with

sediments of dífferent sediment densities or between sedimentation rates

and nutrient budgets ( Tables 3 and 7 ).

Origins of Co in the sediments

Mackereth ( 1966 ) suggested that autochthonous Coin lakes is a1-

most totally respired and that Co in the sediments is of allochthonous

origin. Undoubtedly nost of lhe Co produced in Char Lake is respired

( Table 1 ), but the input or.FPoc ( Table 3 ) and large particles is

too small to account for the Co in the sediments. Most of the Co

stored in char Lake is in the rnoss zone, and here it is nearly all

in the forn of noss. rn char Lake at least 80% of the stored co is

of autochthonous orígin.

co is a minor component of char Lake sediments, however, and the
- rnin-eral component, which is the major portion, is derived from the

terrestrial part of the watershed.
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SUMMARY

char Lake was found to have extremely smarl supplies of N

(0.32s,^-' rr-t ), o (0.024,^-r rr-t ) andco (2.46,^-r r"-t ).
0n1y sma11 percentages of these suppries ( 12% of N and p, and 16% of 

,,,.;,,;,Co ) entered the lake in direct precipitation. The extremely small

amount of precipitation is the primary factor limiting the supply of
these elements to the watershed 

¡:,,,,:,,,Allochthonous Co was found to be a minor component of the Co ::,,:,,:,.:

budget of the lake, contributing only IO.s% of total Co. ,,,,,,,,,,,
''': '

The measured co ross to the sedinents ( 4,2% ) was a minor corn_

ponent of the Co budget of Char Lake and agreed reasonably well with 
,production, respiration, supply and outflow estimates. The small 
.

disagreement is probably the result of experimental erroïs i

sedimentation estimates derived frorn a single deep water core in
' char Lake were not indicative of sedimentation in the rest of the lake. ì

iLarge differences in sediment thickness, physical parameters, and :

chemistry occumed from place to place in the lake and this precluded

extrapolation. Average sedimentation rates for char Lake are ,,:.,,,,,,,

30.7 g dry sedim"r,, *-2 yr-l, 1 g co ^-2 yr-1, 0.4g g N ^-2 yr-l, und ,:,,";,

0.018 g P m' ,r-'. """

Retentions of p ( ss% ) and N ( 63v" ) by char Lake were lower

than would have been expected in a sinilar lake at Temperate latitudes. 
;;.,,,,i

This suggests that Char Lake is not as efficient at utilizing nutrient i.'::::.,:

supplies as more southerly 1akes.
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APPENDTx 1. Figures showing the temperature, conductivity, DOC,

FPOC, TDN, FPN, TDp, and Fpp in the inflows, lake, and outflow
at char Lake. 1972 resurts cover the period from the onset of
the melt season to the time when the streams ceased flowing.

1973 results are from the beginning of the melt to approximatery

three weeks before the cessation of fIows.
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Figure 1. Temperatures of the inflows and outflow stream ín rg72 .
Stream IA BÐ , Stream 1 E, Stream 2 @, Stream g O,
outflow O. i
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Figure 2. Temperatures of Stream

stream O in 1973.

1A @, Strean 3 O, and the outflow
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Figure 3. Temperatures of stream 2 @, and strean 1 fl in rg7s.
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Figure 4. conductivity of stream 1 o, stream 2 t, stream 3 @,

the lake O, and ure Outflow @ in 1972.
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Figure 5. conductivity in stream 1 E, stream 2 o, stream 3 @,
the lake EÐ, and the Outflorv Oin fgZS.
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Figure 6. conductivity of stream rA ín rg72 D, and Lg73 o.
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Figure 7. DOc concentrations in stream lA in 1972 o, and rg73 @.
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Figure 8. DOc concentrations in stream L in 1972 6, and 1973 o.
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Figure 9. DOc concentrations in strean 2 in 1972 @, and, 1973 o.
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Figure 10. DOc concentraticns in stream 3 ín rg72 @, and r97s o.
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Figure 11. TDN concentrations in stream rA in rg72 @, and 1973 o.
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Figure 12. TDN concentrations in stream r in 1972 @, anð. rg73 O.
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Figure 13. TDN concentrations in stream 2 in rg72 @, and 1973 O.
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Figure 14. TDN concentratíons in stream 3 in 1972 @, and 1973 o.
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Figure 15. FPOC concentrations in stream 1A O, and strean 2 f]ín 1972, 
,

and FPN concentr¿ì'Lions in strean 1A, @, and strean 2 g in
Ig72.
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Figure 16. FPOC concentrations in Stream 1A

and FPN concentrations in Stream
I973

O, and Stream 2 Din Ig7S,
1A @, and Stream 2 B in
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Figure 17. FPOG concentrations in stream I O, and stream 3 E ín L972,
and FPN concentTations in stream 1 @, and strean 3 E in
797 2.
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Figure 18. FPOc concentrations in stream 1 O, and streain J fl ín 1973,

and FPN concentrations in Strean 1 @, and Stream S El in
Lg73.
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Figure 19. TDP concentrations

FPP concentrati.cns

in Stream 1A

in Strean 1A

1n

in
1972 @,

T972 EÐ,

rs73 0.
1973 tr.

and

and
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Figure 20. TDP concentrations in stream L ín 1972 @, and 1973 o.
FPP concentrati,:;ns in stream r in rg72 B, and r97s tr.
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Figure 21. TDP concentrations
FPP concentrations

1972 @, and 1973

1972 F, and 1973

1n

1n

Stream 2

Strearn 2
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Figure 22. TDP concentrations in strean 3 in rg72 @, and, rg73 o.
FPP concent'ations in stream 3 in rg72 gt, and, rg73 E.
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Figure 23. DOc concentrations in char Lake in 1972 @, and Lg73 o.
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Fígure 24. DOc concentrations in the Outflow in rg72 ($, and r97s o.
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Figure 25. TDN concentrations in char Lake in rg72 @, and 1973 o.
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Figure 26. TDN concentrations in the outflow in 1972 @, and, 1973 o.
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Figure 27. FPN concentrations

r972.
in Char Lake fl, and the Outflow O in
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Figure 28. FPOC concentrati-ons in char Lake @, and in the Outflow ffi
in 1973, and FpN concentrations in char Lake o, and the
Outflow trin 1975.
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Figure 29. TDP concentrations in
and FPP concentïations

Char Lake in I9Z2 @, and 1973
in Char Lake in Ig72 gA, and

o,
1973 D.
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Figure 30. TDP concentrations in the outflow in 1972 @, and r97s q
and FPP concentrations in the outflow in L9T2 @, anð. 1973 t.
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APPENDIX II. Figures showing the water content ( as a % of wet weight ),
density t d ) ( dry weight per unit of wet volume ), and concen-

trations of Co, C03-C, N, and P in the sediments of Char Lake.

chemical concentrations are as a eo of dry weight. cores 2 and s7 are

from the tsiltyt zone, cores 15, 20, and 22 fron the moss zone, and

cores 18, 28, and 48 fron the deep edge of the rocky zone.
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Figure 1. Physical and chemical parameters measured in core 2.
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Figure 2. Physical and chemical paraneters neasured in core 37
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Figure 3. Physical and chemical paraneteïs measured in core 1s.
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Figure 4. Physical and chenical parameters neasured in core 20.
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Figure 5. Physical and chemical parameters rneasured in core 22.
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Figure 6. Physical and chemical parameters rneasured in core lg.
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Figure 7. Physical and chenicar paraneters measured in core 2g.
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Figure B. Physical and chemical parameters rneasured in core 4g.
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APPENDIX rrr. A possible explanation for the low concentrations of
C03-C in the sediments of Char Lake.

The extremely 1ow concentrations of COr_C in Char Lake sediments
( Appendix Ir ) h/eïe unexpected. because the terrestrial drainage con-
sisted almost entirely of carbonate rninerals, though both the calcite
and dol0rnite did contain qúartz ( Thorsteinsson, 1g5B ). This can be
explained partial ry by the low particulate carbonate input to the
lake' The 6.2 s cor-c m-2yr-1 input of carbonate minerars ( calcu-
lated as 50% each of dolonite and calcite ) is onry 20% of the esti_
rnated total mineral input to char Lake. only 3.8 g n-rr"-, of these
carbonates can be accounted for in the sedinents.

The sna11 percentage of carbonates in the total nineral input
suggests that solutíon is far more important than mechanical weather-
ing in the Char Lake drainage basin. A SZ.4 g m-rr"-, input of
dissolved Ca++ ( Schindler et al., Ig74 ) is 17 tirnes the 1 .9 g 

^-2yr-Iinput of suspended Ca++ ."i.,rtra"d from my CO-_C d.ata.
The t% increase in the cu** .o't"r,a o, ai" *ua"" in char Lake

over the winter ( schindler et al., rg74 ) ( and which schindler
believes is insignificant, schindler, pers. conm. ) anount to a mass

of 1700 kg ( nor r.7 kg as stated in schindler er ar., 1974 ). This
anount can account for the 1972 and, 1973 average suspended ca+* input
to the lake.

There is probably an actual release of Ca** and CO,-C from the
sedinents to tho interstitial r,irator and lake v,¡ater for the following
Teason. The equilibriun solubility products for ^ **Ca and C0, rvith
respect to calcite at the tenperatures and ionic strengths in char
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Lake bottom Ìvater i-n summer and winter are 2.6 and 5.1 times higher
respectively than the calculated ion activity products for ca** and

TADcos ( i.e. Ë_rt ) ( data fron schindler er ar. , 1974; calcurarions
according .o c"il"ls and christ, 1965 ). urd; rhese conditions, one

can expect the solution of CaCO, to occur.

rf solution of caco, is responsible for its low concentrations,
then factors affecting its sorution are probably responsible for
differences in co3-c concentrations between the different bottom
zones of the lake, and between facies within cores.

The high concentrations of carbonate ninerals in cl J and cl 4

likely resulted from deposition in waters that were at or near carcite
saturation. rn the case of c1 4 deposition vüas in the ocean, and in
the case of cl J it was in sca water t'apped at trre botton of the rake.
More recent sediments have becn deposited in v¿ater trrat is under_

saturated with respect to calcíte.
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APPENDTX rv. The distribution of co, co3-c, N, and p between the
different bottom zones of Char Lake.

The differences in the sediment concentrations of co,-

N can be explained by different rates of benthic production
piration, the presence of the moss zone, and. vatiations in
of the bottom.

CO,-C, and

and res-

the slope

welch and Kalff ( 1974 ) found that the benthic primary

productivity was higher ín the moss and rocky zones than in the
rsiltyr zone. rn the rsiltyr zone respiration was higher than ben_

thic production ( Table 1 ), therefore, sedimented Co in this zone

has to come frorn the drainage basin, other areas of the lake botton,
or from the plankton. After accounting for respiration and stoïage,
in the moss and rocky zones ( Table 2

rocky zone has a signíficant surplus

sedinentation in the rsiltyr zone.

Because N correlates with Co in nearly all cores, it is likely
that its variation between lake bottom zones is dependent on the same

factors as Co.

Higher concentrations of c0r-c in the moss zone sediments nay

sinply result from more carbonate minerals sedirnenting there, both
because the area is closer to shore, and because the moss traps
particles. rt is possible that by the time carbonate particles reach

the tsiltyt zone they will have partially dissorved. It is arso pos_

sible that less cog-c is being released from the moss zone than from

the tsiltyt zone.

Both the lower rocky zone and the area

tween 15 and 20 nletres are unstable areas.

), it is seen that only the

of Co that could contribute to

low sedimentation be-

former is unstable be-

of

The
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cause of rvave action, the ratter because it is an a'ea of relativelyhigh srope' only larger, heavier particles, such as particles ofcalcite and dolonite, could be expected to settle permanently inthese a'eas' rf this is the case, one would expect the higher concen_trations of CO,_C that are found there.
Phosphorus concentrations are relatively

bottoin zones, showing only a slight tendency
deepest part of the lake.

constant between lake

to be higher near the

¡.,... ::
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Table 1. Benthic production ancl respiration in different areas of
char Lake ( afte.r welch and Kalff , rg74 ). values i' g ,-2 yr-l.

Zone Production Respiration Ratio P:R

Rocky

Moss

rSiltyr

Mean

12.3

35.2

IT.4

17 .3

8.9

32.0

72.0

15. 9

L.29

1. 10

0. 95

I. T2
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Table 2. Co balance in the

are in g Co m-2 yr

different bottom

-1
zones of Char Lake. Values

Zone Production Respiration Sedimentation Balance

Rocky

Moss

rSiltyr

12.3

35,2

LI.4

8.9

32.0

12.o

4,70

2.9r

0 .22

+2.70

+0.19

-0.82

:.'
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APPENDIX V. A possible explanation for the lack of correlation bet'een
P and Co in the sediments of Chal and other lakes.

Because P is a biol0gica1Iy iinportant elenrent, one would expect

it to be correlated with organic carbon in lake sediments. In the
rsiltyt zone of char Lake it is, but in the moss zone, where co con-

centrations and c:p ratios are higher, it is not. rn both areas of
the lake P is negatively correlated with sediment density ( d ),
which in char Lake is equivalent to ash content because of the r.ow

organic content.

Brunskill et a1. ( 1971 ) report sirnilar findings in shield lakes.
They found no correlation between p and either N or co. There was,

however, a correlation between P and ash content. In the sediments of
these lakes the co content was high, averaging 20% co, and the c:p
ratio was also high at 1031 ¿S. The ratio in the Char Lake moss zone

would fit in this range ( c:p = 72 ), but the value in the rsilty,
zone ( C:P = 30 ) would not.

A possible explanation for the seemingly contradictory relation-
ships is as fol1ows. p reaches the se<Jirnents predominantly in or_

ganic matter which is then oxidized to sone extent. rn char Lake this
amounts to 96eo of the co supply to the sedirnents, nore in the 'siltyr
zone' and less in the moss and rocky zones. Even though co is rost
frorn the sediments, p remains bound, especialry in rakes with an

oxidized sedirnent-water interface

The 1ow productíon to respiration ratio in the rsiltyr zone

suggests that all of the respirabre co is respired and that the co

in the sediments is in oxidation resistent morecures. rf p is not
released fron the sedinonts, as is suggested by the close agreement

between storage and nutrient budget rneasurernents ( Results.Table 3 ),
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, -,. .' , r'-a lohr C:P ratio would be expected ( C:p = J0 ) and Co would also be

correlated with P, as it is in a number ofrsiltyr zone coïes.
The noss zone on the other hand, has a higher production to res_

piration ratio ( Appendix rv, Tabre 2 ), and has a higrrer proportion
of oxidation resistent molecules ( ce1lu1ose in the rnoss ). These ,, ,,...,,,,.

result in more Co and a higher C:p ratio ( C:p = 72 ). Because C:p
ratios can be variable in plant rnaterial, and oxidation of the
larger anounts of co is veriable, p nay not be expected to correlate ..,,,,:'.,:: 

.

with Co. tr::'rj rr:'
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APPENDIX VI. The distribution of sediments in Char Lake.

A lake of simple morphometry, such as char Lake, wourd be expected

to exhibit a simple sedimentation pattern with the thinnest sediments

near the edge of the lake, thickest sedirnents at z^, and a gradation

in between. The actual pattern ( Methods, Fig.5 ), however, bears

little resemblence to t.he oxpocted one.

The pattern has been highly modified, mostly by ice, hraves,

inflows, and benthic mosses. rce thicknesses on char Lake regularly

exceed 2 metres ( schindler et a1., rg74 ), and, as the ice pan floats

around the lake i-n summer, it scours the bottom near shore. This

results in the rocky zone which is virtually free of fine sedirnents

to a depth of 2.5 to 3 netres.

Lliave action from the strong surnmer winds also rnust be responsi-ble

for resuspending shaliow water sediments. This phenom-enon has been

documented in other lakes ( e.g. Davis, 1968 ). Further support for
its occurrence in Char Lake is the fact that higheï concentrations

of suspended nutrients viere noted in Char Lake after periods of strong

winds. A1so, Rigler ( Lg74 ) found an average of 45J g 
^-2 lake area

_1yr'of sediment collecting in sediment traps. This amounts to 15

times the 30.7 g estimated from measurements on the sediments.

Riglerts Co sedirnentation rates of 19.8 and 28.5 g Co rn ' ,t-'
average 24 times the 1 g estimated frorn the cores.

The moss growing in water depths from 3 to 15+ metres can explain

both the high sedimentation rates in the noss zone and the low rates

in water depths fron 15 to about 20 netres. The moss acts as a trap

for sediment particles that would normally have been transported
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.t. 
t 
.,t 

t, 
.'t.towards the deepest paït of the lake, either by being resuspended

or by moving a10ng the botto¡n in density or gravíty culrents.
The moss is buried ín situ, as evidenced by the large masses of

intact moss sprip in moss zone sediments and theii only occasional
presence in sediments elsewhere in the 1ake. The moss would have to , , ,.

i:. .: _i,_

grow only 0' 25 run yr 1 to stay above the accurnulating rnound of
sedinent.

The bottom of the lake fron 15 to 20 metres is left with less ,.,, ,,,,,

,-,,,__t,,t,,'sediment because the moss zone interrupts the normal movement of
particles' Particles destined to settle in this area are trapped by :,,.'i:i

the noss. Finer particles still move to the deepest païts of the
lake, and sediment thicknesses achieved there are gïeater.

The two deviations from the regularity of the char Lake sedi-
mentation pattern are an area of thin sedirnents on the west side of the
lake, and an area of extension of the thicker moss zone sediments in
the southeast part of the lake. The zone of lower accumulation on the
west side of the lake corresponds to an area that is virtually free
of rnoss' rt is believed that rnoss cannot grow in this area because of

t,:,-.tt;t"tt'"heavy snow accumulations that reduce the intensity of light below 
.',:'.,t.1 

.

theiceinspring(We1chandKa1ff,7g74),BecausetlrereisnomoSS,

sedinents can be transpoïted unhindered along the bottom to deeper
water.

Thicker sediments occur in the southeast part of the lake be- :::::r:,:,:.,,.
:,',ti, :,' 

' 
''

cause of the large arnounts of suspended material entering in the
two largest inflows which flow into the lake at this point.
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APPENDIX VII. The paleolimnology of Char Lake.

The four facies in char Lake sediments repïesent three periods
in the lakei history. The bottom one, cr 4, with its marine fossils,
represents the time when char Lake was a bay of the Arctic Ocean. The

different characteristics of these sediments, i.e. high cos_c concen_

trations, high density, and low concentïations of N, p, and Co

( Results, Fig. 6 ) support the idea that they were deposited under
quite different conditions from the overlying lake sedirnents.

cl J sedinents with their distinct laminations and chemical
characteristics falling between those of the rnarine sedirnents and the
sediments of c1 2, may represent a tine when salt watel was being
flushed fron the lake. Judging from the fineness of the laminations,
the lake was probably meromictic at the tine. Geyh et al. ( rg74 )
describe eimilar sediments fol the merornictic stage of schreinsee.
Their sedinents were finely lar;iinated, high in cor-c, and low in
organic natter. The overlying sedirnents were low in cor-c just as in
Char lake

Without 14C d"ting it is impossible to say exactly how long it
took for char Lake to clear of salt water, but a rough estimate can be
nade. This is done by comparing the thickness of cl 3 to that of cr z

plus c1 3' assuming that the sedinentation rate has remained constant
for the 6200 year history of the lake. Differences in c03_c concen_

trations and densi ty a,.e ignored to give a rnaximurn time estimate.
using co'es taken near Zrone obtains a figure of about 3000 years.

counting band pairs in cl 3 would also give an estimate for this
tine period if these prove to be varves. core s7 in 2J metres of water,
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'- ' ',,had a maximum of 10 band pairs per rnrn in the few sections that were

counted. Assuming that they are varves, this represents 3800 yeals.

An average or 7 band pairs per mm ( which I think is a reasonable

estimate ) gives a time span of 2900 years, which is approximately

the figure estimated from the thicknesses of cl 2 and c1 3. ,,,..:,,,,:;,

The higher concentrations of N and co in c1 3 are probably the

result of anoxic conditions at the sedimont - water interface at the

tirne, as well as a lack of benthic fauna, and a subsequently 1ow ; : : ::

,.r.1, ,,,; ,, ¡respiration rate. .: ii

:1:;:t;; ,.. .Another possible cause of Co enri-chrnent in C1 3 is a milder ::.,.:.;:,

climate at the tine char Lake ernerged fron the sea. There is a con- 
,

sensus that there was a clil,;rtic optimum at about 6000 B.p. ( preston
:

et al., 1955 in wj-senan, 196(r; wiseman, 1966 ). Both terrestrial and
:

phytoplanktonic production ma1; have been greater than at present, re- 
isulting in a higher rate of organic sedimentation. l

lOther fluctuations of sedir,ient Co concentrations in Char Lake 
j

nay also be the result of changing clírnatic conditions. A ful1 length ì

core,taken at z^, and cut into finer sections, could provide betterm- ' 
vv$¡s r¿vvrsv uvuLvr 

:..,rt.,,.

resolution of these fluctuations. ;:;',:.;¡,.,:;:

,, .l ,t,,.,1, ,1.1Cl l and Cl 2 represent the sedinents deposited in fresh water. ,,,' ,.,-,.i,,

The orange - brown colour of cl I sedinents is presumably due to the

presence. of oxidized iron compounds ( Mortimer, IgTI ).

r'. :..: i: -


