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Abstract

In a chemical investigation of the sediments of a small meromictic lake in southwestern Ontario,
(fanada, the hypolimnion had evidently become increasingly reductive over most of the post-
glacial as the lake gradually filled in. The ratio of phosphorus to organic matter tended to fall,
suggesting that an increasing proportion of precipitated phosphorus had become mobile and
re-available to the lake’s ecosystem. Productivity, as inferred from fossil pigment analysis, tended
to increase over the postglacial, and there is no evidence for a prolonged period of trophic equi-
librium. Maximum production rates were correlated with efficient phosphorus diagenesis. The
lake evidently became meromictic around 900 BP (before present) and this was associated with
a sulphide producing monimolimnion and decreased productivity. Cultural practices in the water-
shed around 140 BP increased inorganic sedimentation and further reduced productivity.

Contents
I. Introduction .. . R R R T S s s s B G m D o, g A ol
IT. Materials and \lcthodb s e B e A et e T b e e R e AR e B
IIL. Sedimentology and Correlation . . . . . . . . . . . . .. ... 23
IV Physieal and ChemioaliAmalyses: ¢ i w5 i 0wl o8y o e ws g sl 124
1. Muoisttive! content, density; carbomates 00 L i ol e s e e B e ATe e w12
2. Organic matter . . . ¢ P Ty
3. Potassium, magnesium, Sodlum and inorganie Redlmentatmn Bk o AL R ey
4, Calcium . . . N SRS b Syl = LY S S IS
bt TR Amich TRANPANESE: | 8 e e il e s bl a8 5o ¥ W w i e AR OO
6. Copper . . . e B S e S S T NE T E L
7. Sulphate and chloud( o Tbgist st v O g S s e D e O e U
8. Phosphorus . . . B e e T e e P TR e A R
V. Fossil Pigments and Pa]eoproduonwty > Folar B W E R |
VI A Remterpretauhon of the Postgla(lal Hhtm v of bunfhh Lakg da T BRI L T G g
VII. Summary and Conclusions . . . . . s et A e et e AR b s e 3D
Vs Acknowledgements .o 0 a) wliomy BRs 20000 s G dnks B sl ane e L e wiEhaah
T e e e A S S P T et = S RS S I 1Y SN 0 TR S e e

I. Introduction

It has been questioned recently whether any natural process in a lake can be termed
natural eutrophication in the sense of a steady inerease of productivity resulting from
a steadily increasing nutrient supply to the lake (BorrrLmsox 1971, BErToN and
Epmoxnpsox 1972). In the developmental history of glacially formed lakes the filling
in of a lake basin may be attributable to the normal procéss of ecological succession;
for natural eutrophication to oceur there would have to be a steadily increasing
supply of nutrients from the surrounding drainage area. Once a soil profile is established
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it is difficult to imagine a mechanism that could allow such a process to occur, though
there may be long- or short-term variations with changing climate or drainage. In the
developmental history of Linsley Pond, Connecticut, Horcamwson and WolLack
(1940) concluded that the lake rapidly increased in productivity after deglaciation
reaching a state of trophic equilibrium with its environment, which was maintained
over most of the postglacial. This concept of trophic equilibrium under relatively
constant climatic conditions has been generally confirmed (HurcHinsox 1969) from
other studies.

It is widely recognised that three sets of factors control the productivity of a lake:
edaphie, or nutrient input from the watershed; eclimatic and hydrographic; and
morphometric, which largely concerns oxygen supply in the hypolimnion. In the case
of glacially formed lakes both edaphic and morphometric factors contribute to in-
creasing nutrient supply in the initial stages of development, but once trophic equi-
librium is established only the morphometric factor progressively changes as the lake
gradually fills in (excluding, of course, human influence). From a knowledge of the
sediment stratigraphy at various points in Linsley Pond and the present use of
oxyvgen in the hypolimmion, Denvey (1955) was able to calculate the postglacial
hvpolimnetic volumes and oxygen relations. He concluded that the obliteration of
the hypolimnion, or molphomctuc eutrophication, was not so important during the
growth of the lake biocoenosis as edaphic eutrophication. Only in some small lakes
is morphometric eutrophication likely to be of major significance.

Interest in Sunfish Take, a small meromictic lake in southwestern Ontario, was
stimulated when an analysis of diatom stratigraphy in a sediment core (SrEENIVASA
and Duraie 1973) revealed iner‘easing deposition of frustules and a succession of
species suggestive of gradually inereasing productivity throughout the postglacial.
Sunfish Take had evidently not reached a state of trophic eqmllbt.lum with its en-
vironment early in the postglacial. This was largely due to progressive changes in
morphometry as indicated by estimations of postglacial hypolimnetic volumes. It was
found that the hypolimnion had been obliterated by about 419/, and that the present
hypolimnicn comprised only 33", of the volume of the lake. It was therefore decided
to investigate by chemieal analysis of the sediments the obliteration of the hypo-
limnion and its progressive anaerobiosis and to infer the developmental history of
the lake from its inception to the present, particularly with regard to changes in
postglacial production rates. Another objective was to determine the origin and
possible causes of meromixis in Sunfish Lake.

Suntish Lake is a small kettle surrounded by sandy kames and till. It has a small
watershed of about 2.256 km? composed mostlv of mixed deciduous woodland and
farmland. The morphometry is as follows: total area 8.3 ha, maximum depth 20.0 m,
mean depth 10.4 m, and volume development ratio 1.56. The lake is moderately
alkaline (100—150 mg/l CaCO,), and the pH of the epilimnion is 8.0—8.5. In mid-
summer the thermoeline lies at about 8 m and the chemocline at about 13 m. The
monimolimnion is generally anaerobic and contains up to 40 mg/l sulphide. The lake
bottom is covered by a black sulphide sapropel. Further data on the limnology of
Sunfish Lake are given in DurHIE and CArTER (1970).

I1. Material and Methods

All the analyses in tuis study were performed on a 460 em long continuous section, designated
core SL-6, collected by means of a piston corer under 17.4 m water. Coring procedures were
identical to those described in SrEeNivasa and Duraie (1973). Pollen enumeration and all
chemical analyses were performed on samples taken every 10 ¢m along the length of the core.
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Moisture content was determined by drying fresh samples at 105 °C for 24 hr. Ash-free dry
weight (organic matter) was determined after heating at 550 °C and sedimentary carbonates after
heating at 950 °C.

Samples for all other analyses were prepared in such a way as to enable results to be expressed
as sedimentation intensity, concentration per cm? per unit time, as well as the more usual concen-
tration per g dry weight sediment. This was achieved by preparing extracts from samples of
known volume and density.

Phosphorus was determined in three extractions: 1) distilled water extraction, 2) 0.1 N HCI
and 3) HF followed by HCIO,+NHO; digestion (“total” phosphorus). Concentrations in all
extractions were estimated spectrophotometrically by Arxins’ modification of DENIGE's method
(MACKERETH, 1963).

The digest prepared for total phosphorus was also used to determine total Ca, Mg, K, Na. Fe,
Mn. Cu, 80, . and C1~. All analyses except SO, ~ and C1~~ were performed on a Perkin-Elmer
model 303 atomic absorption spectrophotometer using the manufacturer’s recommended proce-
dures and instrument scttings. Sulphate was determined using the titrametric method of
Traversey (1971) and chloride by argentometric titration.

Sedimentary pigments were determined in acetone-dimethylaniline extracts using the methods
of VarroxTyye (1955) as modified by WerzeL (1970). Sedimentary pigment degradation units
(SPDU) were caleulated per g dry weight, per g organic matter, and as sedimentation intensity.

ITI. Sedimentology and Correlation

A description of core SL-6 is given in Fig. 1. The stratigraphy and pollen sequence
was practically identical to that of core SL-4 desecribed by Sreexivasa and DUTHIE
(1973) and hence their dates derived by radiocarbon dating and pollen chronology
for SL-4 have been directly applied to SL-6. A further date of 13,200 BP has heen
added as an approximate date of final deglaciation, which is consistent with the
interpretations of ANpErsoN (1971) from other sites in the region. A description of
the pollen sequence and major climatic inferences is given in SrREENTVASA and DUTHIE
(1973). The Ambrosia pollen horizon, interpreted as indicating forest clearance and
settlement, is at 25 ¢m in core SL-6 and is dated at approximately 140 BP.
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Fig. 1. Description of core SL-6 including dates, sedimentation rates and pollen zones. Zone L:

herbaceous tundra with some Picea. Zone A: Picea with some Pinus and Abies. Zone B: Picea

declines, increase in Pinus and several deciduous trees. Zone Cp: Pinus declines, replaced by

Tsuga. Quercus and Fagus. Zone Cy: Tsuga declines, Carya and Quercus increase. Zone Cy: Carya

and Quercus decline, T'suga and Fagus increase. A.P.H., Ambrosia pollen horizon. Dates: 1,
historic, 2, 4, and 5, pollen chronology and 3, radiocarbon dating.
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The moisture content generally increases from the older to the younger sediments:
minima at 330 em and 280 cm correspond to sand and clay layers. Density varies
inversely with the moisture content, increaging from 1.01 g/ecm? at the top of the
core to 1.82 g/em3 near the bottom. The older sediments are generally more compact
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IV. Physical and Chemical Analyses

1. Movsture content, density and carbonates (Fig. 2)

and contain less organic matter (Fig. 3).

Sedimentary carbonate ranges between 80/, at the very top of the core to 329
in C, and shows no distinct trends over the postglacial. A little loss (2—39/)) at 950 °C

Fig. 2.

Fig. 3.
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is probably not carbonate (WerzeL 1970). The decrease in carbonate in recent sedi-
ments is partially due to inecreased inorganic sedimentation. Carbonate deposition
may also be related to fluetnations in primary productivity, although bacterial activity,
hiological respiration and chemical oxidation serve to decrease CaCO, precipitation
and obscure any long-term relationship.

2. Organic matter (Fig. 3)

This generally increases but with many fluctuations, from less than 47/ in the
oldest sediments to 320, in (', before declining to 109/, at the surface. The postglacial
profile of organic matter in Sunfish Lake is dissimilar to that in several North American
lakes (HurcHINgox and Worrnack 1940, WeTzeL 1970) and English lakes (MACKERETH
1966) which in general show a rapid rise in the early postglacial followed by a long
period of equilibrium. Stratigraphic variations in organic matter reflect changes in
any or all of the following: amount of autochthonous biological production, amount
of allochthonous organic matter reaching the sediments, the degree of preservation
of organie matter, and variations in deposition rate of the whole sediments. Except
for the oldest and youngest sediments the postglacial deposition rate is fairly constant,
and, as will be shown later in discussing sedimentary pigments, the amount of allo-
chthonous organic matter appears minimal and the preservation of autochthonous
material good. There is thus reason to believe that sedimentary organic matter in
Sunfish Lake reflects autochthonous biological production. If this is so, then pro-
ductivity has evidently increased over the postglacial. This is in agreement with the
conclusions reached using sedimentary diatom analysis (SREENTVASA and DUTHIE
1973).

When organic matter is expressed as sedimentation intensity (mg/em?/year) the
postglacial inerease is not so clear and is obscured by several large maxima parti-
cularly in zones A and B. These may be due to brief periods of high productivity or
errors in caleulating sedimentation intensity due to insufficient dating of the older
sedinents.

3. Potassium, magnesium, sodiuwm, and inorganic sedimentation ( Fig. 4)

The nutrient influx into a lake is influenced qualitatively and quantitatively by
erosion and leaching processes in the watershed. In English lakes MackErETH (1966)
claimed that potassium, magnesium, and sodium, were mainly associated with the
mineral fraction of the sediment rather than the organic material. High sedimentary
potassium and magnesium indicate more intensive erosion as opposed to leaching of
the soil, and conversely, low potassium and magnesium indicate more leaching. In
Sunfish Lalke there is some indication of a relationship between potassium, magnesinm
and inorganic sedimentation intensity. Profiles of all three show maximum value in
the 1. and early A zones. The decrease in the A zone is concomitant with the establish-
ment of a spruce forest about 12,000 BP. Relationships in the B zone are less clear;
potassium and magnesium have a series of maxima while the inorganic sedimentation
rate evidently declines. The relationship is reestablished at 30 em where the increase
in inorganic sedimentation may be related to increased crosion with the onset of
cultural practices such as forest clearance and agriculture in the watershed. Inter-
pretation of the sodium profile with respect to erosion is not clear. It appears as if
some of the sodium is associated with the organic material, especially in the younger
sediments.
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Tig. 4. Mg/g dry weight potassium, magnesinm and sodiam, and inorganic sedimentation
intensity in core SL-6.

4. Calcium (Fig. 5)

Calcium is more readily leached from a soil profile then either potassium or
magnesium (Likexns and Bormax 1972), and its presence in lake sediments has been
agsociated with the products of leaching rather than erosion activity in the watershed
(MackerETH 1966). The postglacial profile of calcium in Sunfish Lake evidently
supports this hypothesis with low values in the L. and A zones and in the top 30 em.
Furthermore, caleium minima in the B zone correspond to a series of potassium and
magnesium maxima, suggesting periods of erosion during the pine forest period,
8—10,000 BP. Inexplicably this does not correspond with maxima in inorganic sedi-
mentation (Fig. 4). Biological precipitation may also have influenced the postglacial
profile of ealeium.
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5. Iron and manganese (Fig. 6)

The distribution of iron and manganese in sediments depends primarily on (1) the
supply of particulate and dissolved iron and manganese. (2) the migration of iron
and manganese as influenced by redox. and (3) the rate of accumulation of the whole
sediment.
In the Sunfish Lake drainage basin erosional transport would not be expected to
bring about any separation of iron and manganese, so that under purely erosional
conditions their ratio should remain that of the lithosphere. However, the increase in
manganese in the A zone probably coincides with the development of a soil profile
and may indicate some preferential leaching of manganese over iron. Presumably this
would continue more or less consistently over the remainder of the postglacial. Once
these elements are precipitated into the sediments, transport by reduction to the
mobile manganous and ferrous forms occurs. Since manganese is more readily reduced
than iron, a change in the Fe:Mn ratio results. MAackerETH (1966) used the increase
in the Fe:Mn ratio as an index to show the progression from oxidizing to reducing
conditions in hypolimnia. In a very reductive hypolimnion iron also migrates and the
ratio falls again.
In Sunfish Lake the Fe:Mn ratio on the whole increases from the A-B horizon to
a maximum in mid Cy (Fig. 6). Since there is no evidence for an increase in the rate
of supply of iron over manganese this may be attributed to a progressively reductive
hvpolimnion. Presumably hefore the A-B horizon the hypolimnion was well-oxy-
genated. In zone B the ratio begins to inerease presumably as a result of migration
of manganese from the sediments accompanying a reduction in the amount of oxygen
ﬁin the hypolimnion. In zone (', the ratio increases sharply. In zone C, the ratio begins

to fluctuate; there is a further reduction in manganese content but also a reduction
in iron, which indicates that iron is now starting to migrate out of the sediments.
Above 70 cm there is a sharp decrease in the ratio together with an increase in both
iron and manganese; the hypolimnion was probably sufficiently reducing to produce
some sulphide thereby precipitating iron and manganese. The upper 25-30 c¢m of
sediment are completely black with sulphide, probably concomitant with meromixis.
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Fig. 6. Mg/g dry weight total iron and manganese, and iron: manganese ratio in core SL-G.




28 R. W. Apams and H. C. DurHiE

6. Copper (IMg. 7)

Concentrations of copper vary between 0.02 and 0.05 mg/g over most of the corm
except in the top 25 em, where it reaches a maximum of 0.1 mg/g, probably reflecting
precipitation of copper as insoluble sulphide.

7. Sulphate and chloride (Fig. 7)

The precipitation of sulphate into lake sediments is probably largely biological an:
primarily with algal material. Bacteria at the mudwater interface have the abilit
to reduce the sulphate to sulphide under sufficiently reducing conditions, in whiel
case sulphur would be held in the sediments as iron and manganese sulphides. Excep
in the upper part there appears to be a resemblance between the profiles of sulphat
and organic matter in the core. Toward the surface the falling concentration ¢
sulphate probably corresponds to conversion to sulphide.

The postglacial profile of chloride, expressed as mg/g, shows no resemblance t
that of organic matter, although chloride is associated with the organic fraction. If
however, chloride is plotted per unit weight of organic matter, so that variations du
to varying amounts of organic matter are eliminated, the profile resembles that o
inorganic sedimentation intensity (Fig. 4). Thus it would appear that although sed:

Depth cm ?‘W/ &7
og = *gjfs
G
0 = ||
£ :
wE S - A
. Cf
o0k ? ¥_ 5
wok r; —g- 4
E__ln_ff \\\J ;L_
| 1 | I I i 1
T 70 W i @ @i %
Lopper Sulphaie Chioride
mglg milg iy arganic
mater

Fig. 7. Mg/g dry weight copper and sulphate, and chloride as mg/g dry weight and mg/gorgan
matter in core SL-6.

mented in the organic fraction the supply of chloride to the lake is controlled b
erosion intensity in the watershed. During much of the postglacial, chloride in atnu
spheric precipitation (the major source of the ion) was probably largely held in tI
soil profile, or at least its supply regulated. Only in the early postglacial before fores
cover and, or, soil profile development, and lately with the advent of cultural practic:
in the watershed, has appreciably more chloride reached the lake.
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5. Phosphorus (Figs. 8, 9, 10)

Both water extractable and 0.1 NHCI extractable phosphorus had their lowest
concentrations near the bottom of the core and tended to increase very gradually
toward the surface. Concentrations in the perchloric acid extract (total phosphorus)
were always very much higher and showed very wide fluctuations, particularly in
the upper half of the core. The .1 N HCI extract, and to a lesser extent the water
extract, includes loosely bound sorbed phosphorus and some organic forms; the per-
chlorie acid extract includes in addition tightly bound organic phosphorus and much
of the inorganic fraction (WEsTz 1969). The interpretation of phosphorus in core
SL-6 is not readily apparent : the final concentration in any given sample is the result
of four major processes (¢f. MacxeruETH 1966): (1) the rate of supply of organic and
inorganic phosphorus to Sunfish Lake. (2) the rate of precipitation of phosphorus
onto the sediment, (3) the rate of release and migration of phosphorus from the
sediments, and, (4) the rate of acecumulation of the whole sediment.

In order better to separate the rate of supply of loosely-hound from tightly-bound
and inorganic phosphorus to the sediments and to allow for differential rates of
sedimentation over the posiglacial all three extractions were re-plotted as sedi-
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Fig. 8. Mg/g dry weight phosphorus in three extraction procedures from core SL-6.
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mentation intensity (Fig. 9). The high sedimentation intensity of total phosphorus
in zones L, A and lower B can best be attributed to the inorganic fraction (cf. LivixNg-
sroxt and Bovrix 1962). All three extractions show a major maximum at 20 cm,
just above the Ambrosia pollen horizon. Since there is no evidence for high erosional
activity between the early B zone and the 20 em sample presumably most of the
phosphorus in these sediments was biologically precipitated as tightly or loosely bound
organic phosphorus. The ratio between total phosphorus and organic matter (Fig. 10)
tends to fall, though with wide tluctuations, throughout the postglacial. The main
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Fig. 9. Sedimentation intensity of phosphorus in three extraction procedures from core SL-6.
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reason for this is an increasing amount of organic matter in the sediments. Evidently
over most of the postglacial an increasing proportion of the precipitated phosphorus
hecame mobile and re-available to the lake’s ecosystem. This is compatible with the
hypothesis of an increasingly reductive hypolimnion. However, the pattern of maxima
and minima in the phosphorus: organic matter ratio indicates that the process was
neither regular nor continuous. Assuming a more or less consistent precipitating
efficiency returning phosphorus to the sediments, the maxima and minima could be
attributed to lower and higher diagenetic efficiency respectively. This may be tested
by a comparison with the Fe: Mn ratio.

The high phosphorus: organic matter ratio in zone L is attributable to the low
sedimentary organic matter. There is a general increase in the ratio from 350 em to
a maximum at 300 ecm concurrent with a low and little changing Fe:Mn ratio. This
was the period of decreasing mineral sedimentation. The hypolimnion was evidently
well-oxygenated allowing little reduction and mobility of organically precipitated
phosphorus. Between 300 and 180 em the phosphorus: organic matter ratio falls and
remains low. This correlates with a generally increasing Fe:Mn ratio indicating in-
creased mobility of phosphorus from an increasingly reductive hypolimmion. The single
maximum in the phosphorus: organic matter ratio at 170 ¢m and the decline in the
TFe:Mn ratio between 180 ¢m and 160 cm indicates an apparent disturbance or pause
in this process. There is another, lesser, disturbance at 130 cm, but the general trend
between 160 ¢m and the Ambrosia pollen horizon is an increasingly reductive hypo-
limmion and a decreasing or low phosphorus: organic matter ratio. The presence of
sulphide precipitating both iron and manganese would have the the effect of liberating
previously bound phosphorus. This evidently is the case between 70 cm and 40 em,
and possibly also between 250 em and 200 em. The isolated maximum in the phos-
phorus: organic matter ratio at 20 cm is probably a consequence or erosion from
forest clearance and the start of agriculture. Most of the watershed is used now for
grazing or has regenerated to forest.

In conclusion, there is evidently a relationship in the sediments hetween phosphorus,
organic matter and the Fe:Mn ratio. Trends compare better than individual minima
or maxima. Variations in precipitating efficiency and reactions of phosphorus with
iron and manganese complicate the system and are at least partially the cause of
the minor irregularities in the phosphorus profiles.

V. Fossil Pigments and Paleoproductivity

Acetone extracts of sediments in core ST.-6 showed two major absorption peaks.
The major absorption maximum in the red at a mean of 660.6 nm (range 658.0—
665.0 nm) is largely a measure of chlorophyll degradation products, primarily phaeo-
phytin a. Intense absorption maxima in the blue at a mean of 467.56 nm (range
466.0—475.0 nm) are due to carotenoid degradation products with some influence by
phaeophytin ¢ (WeTzEL 1970).

The profiles of S.P.D.U. per gram dry weight show a general increase throughout
the postglacial sediments up to 60 em (Fig. 11). Both chlorophyll and carotenoid
curves show a series of maxima but the latter are most pronounced and amount to
wide oscillations.

The validity of using sedimentary pigment degradation products as an index of
past production rates depends mainly on the preservation of the pigments, the extent
of differential degradation during and after sedimentation, and the extent of allo-
chthonous sources of sedimentary pigment products. Preservation appears to have
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been good in Sunfish Lake. The S.P.D.U. curves are similar to organic matter (Fig. 3).
Also, Foea and Beremnr (1961) and Moss (1968) have shown that the ratio of chloro-
phyll degradation products to carotenoid degradation products decreases with in-
creasing lake fertility and decreasing hypolimnetic oxygen. Moss further showed that
the preservation of carotenoids increases with decreasing oxvgen availability. The
large amounts of carotenoids in the postglacial sediments of Sunfish Lake and the
anoxia of the monimolimnion favours good preservation. The c¢hlorophyll: carotenoid
ratio (Fig. 11) decreages rapidly between zones L and A then varies about a mean
over the remainder of the postglacial indicating at least a consistent preservation
of both produets. The low ratio and the similarity in chlorophyll and carotenoid curves
also indicates little allochthonous input (SANGER and GorHAM 1972). This is in har-
mony with the small watershed and narrow littoral of Sunfish Lake.

If, then, the assumption is made that fossil pigment biomass is generally on a long
term basis directly proportional to past rates of production. then extrapolation
throughout the postglacial is possible. In situ rates of primary production, as measured
by the radiocarbon technique, show an integrated annual mean of 270 mg C/m*/day
(WarTE and Duraie 1974). This was taken as time zero and extended on an appropriate
relative basis through the postglacial using the sedimentation intensity of chlorophyll
S.P.D.U. per g organic wt. (S.P.D.U./em? year) for the extrapolation (Fig. 10). Pro-
duction estimates are low in zones L and A but rise to a maximum of over 1000 mg
C/m2/day at 275 em in zone B. Further large maxima are evident at 210-230 cm
and 145 em in zones C; and C, respectively. Following a smaller maximum at 55 cm
in zone C; production rates decline toward the surface.

Assuming consistent preservation of pigments and a more or less consistent supply
of nutrients from the watershed, the variations in production rates can best be
attributed to internal factors in the lake. Evidence has been given above that the
ratio of phosphorus to organic matter is related to the mobility of phosphorus from
the sediments. The profiles of phosphorus: organic matter and sedimentation inten-
sity of S.P.D.U. are compared in Fig. 10. It is apparent that there is an inverse
relationship between the two, both in the general post-glacial trend and in individual
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maxima and minima. For example, S.P.D.U. (production) maxima correspond to phos-
phorus: organic matter minima (indicating efficient phosphorus migration from the
sediments) at the following depths: 415—420 cm, 390 ¢m, 310 cm, 275 cm, 210230 em,
180—190 ¢m, 140—145 em, and 55—65 em. Conversly, the major phosphorus: organie
matter maxima (inefficient phosphorus migration) at 490 em, 410 ¢m, 300 em, 170 cm,
and 20 em, correspond to production minima.

Thus there is evidence that the post-glacial production rates in Sunfish Lalke have
been influenced by the release and migration of phosphorus from the sediments.
However. a closer comparison of the two curves reveals several discrepancies suggest-
ing the presence of other complicating factors. The system may perhaps be better
undet stood and possibly quantified by a more intensive analysis at closer intervals
in the core. Recently, BorTLESON and LEE (1974) have shown that iron and manganese
deposition is closely related to phosphorus deposition in short cores from Wisconsin
lakes.

VI. A Reinterpretation of the Postglacial History of Sunfish Lake

SrREENTVASA and Durnie (1973) described the postglacial history of Sunfish Lalke
based mainly on diatom stratigraphy. This history should now be revised and elabo-
rated upon in the light of the present investigation.

Zone L

Although inorganic sedimentation is high, the moderate rate of accumulation of
the entire sediment discounts high erosion in this zone. Furthermore, the date of
13,200 BP for final deglaciation is probably conservative (P. F. Karrow!, personal
communication); an older date would further reduce the rate of accumulation. The
high amounts of potassium and magnesium are probably due to loss from an undevel-
oped soil profile or associated with fine clay particles. “Production rates are low but
increase to a small maximum at the end of the zone. The absence of diatoms in the
sediments may indicate poor preservation or possibly that other algal groups were
predominant. The hypolimnion was well oxygenated. Pollen records indicate a tundra
or spruce parkland vegetation in a climate colder than present.

Zone A

This zone is typified by a spruce ioxe%t vegetation in a climate still colder than
present. Inorganic sedimentation decreases rapidly during the first part of the zone.
Production at first low later rises to rates at least as high as the present. The hypolim-
nion was not very reducing but the increased preservation of carotenoids may indicate
some oxygen reduction during summer or winter stagnation, and possibly the redue-
tion and. migration of some sedimentary phosphorus. Near the end of the zone a
temporary inerease in inorganic sedimentation and a trend to lower production rates
and a more oxidising hypolimnion may indicate a brief climatic deterioration. Diatoms
are first found in the middle of this zone and are non-planktonic cold water steno-
therms.

Zone B

This pollen zone marks the establishment (about 10,500 BP) of a forest dominated
by pine but with some spruce and hardwoods in a climate a little cooler than present.
The trend to lower production rates continues in the part of the zone. In the middle

! Department of Karth Sciences, University of Waterloo.
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of the zone inorganic sedimentation declines to a minimum, and production rates
increase together with a slightly more reducing hypolimnion and evidence for some
mobility of precipitated phosphorus. Following a temporary pause, productivity rises
to a maximum near the end of the zone The hypolimnion becomes more reducing with
increased mobility of phosphorus. Diatoms become more abundant in the sediments.

Zone C,

The zone is characterised by an increasingly reductive hypolimnion and high
phosphorus diagenetic efficiency. Productivity reaches a large maximum near the end
of the zone: the lake was evidently considerably more productive than present.
Diatom frustules also reach maximal numbers in the sediments. The low mineral sedi-
mentation implies a fully developed soil profile with attendant leaching of available
nutrients. Pollen analyses show a forest of hemlock, oak and beech in a climate war-
mer and probably wetter than zone B.

Near the end of the zone a series of changes is evident possibly associated with a
change to a dryer climate. Production rates decline, the hypolimnion becomes less
reducing and phosphorus less mobile.

Zone C,

Productivity declines in the first quarter of the zone, evidently to rates considerably
less than present, and the number of diatom frustules in the sediments declines. The
hypolimnion is less reducing and sedimentary phosphorus less mobile. The fossil
diatom flora contains a higher proportion of littoral and attached forms and euplank-
ters decline in importance, suggesting lower water levels. This is in harmony with the
evidence from the pollen record suggesting a warm, dry, elimate with hickory and oak
predominant.

The minimum is short-lived, for by the middle of the zone productivity evidently
rises to the postglacial maximum associated with a return to a very reducing hypo-
limnion and efficient phosphorus diagenesis. This maximum is not shown in the
diatom record, possibly much of the productivity was realised by other algae. At the
end of the zone productivity declines.

Zone Cy

This zone is marked by a decline in hickory and oak and an increase in hemlock and
beech interpreted as a change to a modern climate, cooler and wetter than C5. Pro-
ductivity increases to a maximum at 60 ¢m in the core (estimated at 850—900 BP)
then declines toward the surface. The hypolimnion is very reductive, with evidence
for the production of sulphide precipitating iron and manganese above 70 em. This
would have the effect of releasing phosphorus previously bound to iron or manganese.
SREENIVAsA and DursIE (1973) interpreted a major change in the fossil diatom
assemblage at the same horizon in core SI-4 as evidence for the lake becoming
eutrophic. However, this is not horne out by the pigment analysis; it seems far more
likely that the lake became meromictic around this time, considerably prior to the
onset of cultural practices in the watershed. The main evidence is that although the
hypolimnion is very reducing with high diagenetic efficiency of phosphorus, produc-
tion rates evidently decline above 60 cm, implying noncirculation. In all other in-
stances in the core high diagenetic efficiency of phosphorus is accompanied by high
productivity ruling out prior establishment of meromixis. The exact sequence of
events around 60 em could be determined better by closer sampling intervals.

The impact of forest clearance and agriculture is well marked on the top of 20 em of
the core. There is a large increase in the rate of accumulation of the whole sediment
including inorganie sedimentation. The hypolimnion remains very reducing and pro-
duction rates low.
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VIL. Summary and Conclusions

The gradual obliteration of the hypolimnion has had a profound effect on the post-
glacial history of Sunfish Lake. The chief consequence has been an increasingly reduc-
tive hypolimnion which has resulted in an increasingly efficient diagenesis of phos-
phorus and possgibly other nutrients. The manifestation of this in the sediments is a
general increase through the postglacial in organic matter, fossil pigments and diatom
frustules. However, the process has been neither regular nor progressive; there have
evidently been several large fluctuations in productivity in the lake’s history though
the minima have tended to become less as the lake filled in. The maxima are correlated
with efficient phosphorus diagenesis, though the factors controlling this diagenesis can
only be speculated upon. Precipitation reactions with iron and manganese may be
involved but resolution of this would require a more detailed analysis.

Postglacial climatic changes only agree in a very general way with past production
rates. Changes in production rates appear to occur long before climatic changes are
indicated by the pollen record. Changes in the forest composition appear to be a very
conservative indicator of climatic change.

The present work shows the conclusions drawn from diatom analysis alone are
hazardous. There are at least two periods in the history of Sunfish Lake where high
production rates evidenced by pigments are not apparent in diatom counts; presum-
ably other algae were predominant. The lake is now dominated by bluegreen algae.
On the other hand the composition of the fossil diatom flora appear to be a good
indicator of the relative importance of various habitats in the lake.

Without a finer resolution of events around the 60—70 em levels in core SL-6 it is
difficult to determine the exact sequence of events leading to meromixis, though it is
undoubtedly biogenic in origin. The present meromixis is maintained by high con-
centrations in the monimolimnion of bicarbonates, sulphates and sulphides (DuTHIE
and Carrer 1970).
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