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FOSSIL PIGMENTS IN THE SURFACE SEDIMENTS OF A MEROMICTIC LA& 
ABSTRACT 

Pigment concentration and diversity were 
measured in surface sediments on a transect 
across a small, meromictic lake in northwest 
Wisconsin. Pigment concentrations increase 
several fold and diversity by a third from the 
shallowest to the deepest sediments. Monimo- 
limnetic chlorophyll derivatives are about 3~ 
and carotenoids nearly 2~ the hypolimnetic 
maxima in holomictic, eutrophic Minnesota 
lakes. Lower pigment concentrations at the 
deepest point along the transect suggest 
slumping of littoral detritus. 

The anaerobic monimolimnetic sedi- 
ments of meromictic lakes should preserve 
organic molecules exceptionally well, al- 
though Vallentyne (1969) has pointed out 
that direct evidence seems never to have 
been presented. Fossil pigments ought to 

1 Contribution No. 104, Limnological Research 
Center, University of Minnesota. This work was 
supported by National Science Foundation Grant 
GB-18800 and by the Graduate School, University 
of Minnesota. F. R. Cagle, Jr., helped with sam- 
pling and R. Hay with analysis. 

provide a good test for such molecular 
preservation, and so surface sediment sam- 
ples were taken along a transect across 
Stewart’s Dark Lake, a small, meromictic, 
brown-water lake without inlet or outlet 
lying in noncalcareous glacial drift in 
northwest Wisconsin (45” 18’ N, 91” 27’ W). 
This roughly circular lake has been stud- 
ied by Likens and associates (Likens and 
Hasler 1960; Likens 1965; Johnson and 
Likens 1967) who describe it as 0.69 ha 
in area, with a mean depth of 4.3 m and 
a maximum depth of 8.8 m. The monimo- 
limnetic water, below about 6.5 m as de- 
fined by a specific conductance profile on 
16 September 1970, is permanently deoxy- 
genated and smells of HZS; Likens and 
Hasler ( 1960) placed its upper limit at 
6.3 m. 

SAMPLING AND ANALYSIS 

A transect was run between two shore 
markers, locating by echo sounder succes- 
sive 0.91-m (3 ft) contours where surface 
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FIG. 1. Chlorophyll derivatives and carotenoids 
(means of two samples) in surface sediments along 
a transect across Stewart’s Dark Lake. Dashed 
line joins the deepest point in the lake, off the 
transect. 

sediments were taken to a depth of 10 cm 
with a Jenkin sampler (Mortimer 1942). 
A pair of samples was also taken off the 
transect, from the deepest part of the lake. 

The samples were iced and later frozen 
until they could be analyzed in triplicate 
for chlorophyll derivatives, bacteriochlo- 
rophyll derivatives, epiphasic and hypo- 
phasic carotenoids, and pigment diversity 
by methods described elsewhere ( Gorham 
and Sanger 1964, 1967; Sanger and Gor- 
ham 1970, 1972). Pigment concentra- 
tions are expressed in arbitrary absorbance 

units per gram organic matter, one unit 
being equivalent to an absorbance of 1.0 
in a lo-cm cell when dissolved in 100 ml 
of solvent, and organic matter being mea- 
sured by ignition loss in these highly or- 
ganic and noncalcareous sediments. 

DESCRIPTION OF THE SEDIMENTS 

The inshore surface sediments (0.9, 1.8, 
2.7 m ) are finely divided and reddish 
brown, not gelatinous, and resemble dy 
more than gyttja. Hardwood leaves, pine 
needles, twigs, and root masses of alloch- 
thonous origin are plentiful, especially in 
the shallowest sediments. The next deep- 
est sediments (3.7 m) are transitional to 
those beneath. The middle sediments (4.6, 
5.5, 6.4 m) are browner and have the char- 
acter of a gelatinous gyttja. The monimo- 
limnetic surface sediments (7.3, 8.2, 8.8 
m) are quite unlike normal hypolimnetic 
gyttja, being darker, much less gelatinous, 
and composed of large flocculent clots of 
organic matter loosely adhering to one 
another. Gas bubbles are numerous, and 
the top 15 cm or so floats (in lumps or 
en masse) to the top of the Jenkin tube. 

ANALYTICAL RESULTS 

The data are presented in Table 1 and 
Fig. 1. 

Organic matter 
Organic matter is very high, about 65% 

dry wt, in the shallowest sediments and 
declines to about 50% in deep-water sedi- 

TABLE 1. Chemical data for surface sediments along a transect* in Stewart’s Dark Lake 

Water Org 
depth matter 

(4 (% dry wt) 

Chl 
deriv 

Bacterio- 
Chl deriv 

Epiphasic 
tarot 

(units/g org matter) 

Hypophasic 
tarot Pigment 

diversity 
(No. spots) 

0.9 66.4 63.2 8.3 14.0 0.2 1.6 5.6 6.6 6.2 10.5 31 38 
1.8 57.3 56.9 23.4 15.6 1.1 2.2 13-8 7.8 19.8 12.2 37 38 
2.7 61.1 57.8 20.7 26.1 0.8 2.0 12.4 20.3 16.5 26.7 37 42 
3.7 55.0 55.6 35.7 33.6 1.9 1.5 21.8 24.0 35.5 36.4 39 41 
4.6 52.8 49.5 41.4 49.5 1.6 1.1 25.9 32.6 48.2 63.0 43 47 
5.5 50.5 50.1 47.2 48.5 1.2 1.2 31.8 34.1 63.0 55.4 49 49 
6.4 52.7 52.9 43.3 43.1 1.3 1.7 29.6 31.0 52.0 55.6 41 50 
7.3 52.0 49.5 46.6 59.2 1.4 1.4 35.7 40.5 59.8 64.7 47 49 
8.2-t 60.4 31.2 1.0 24.4 35.0 45 
8.8 48.0 47.5 51.4 52.0 1.2 2.3 37.0 36.1 63.9 57.4 49 43 

* The data are presented in two columns, reading down to 8.2 m for one side of the transect and up from 8.2 m for 
the other side. 

t Deepest point :&long trnnsect. 
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ments. An exception is observed at the 
deepest point on the transect (8.2 m), 
where organic matter rises to 60%, suggest- 
ing that highly organic sediments slump- 
ing from the littoral zone may be deposited 
and mixed with the other sediments accu- 
mulating at this site. At the deepest point 
in the lake, slightly off the transect, or- 
ganic content is again much lower, just 
below 50% dry wt. 

Chlorophyll derivatives 

Chlorophyll derivatives are less than 15 
units/g organic matter in the shallowest 
dylike sediments and rise rapidly to over 
40 units in the gyttja at and below 4.6 m 
( Fig. 1). Concentrations of more than 
50 units occur in three sites beneath the 
chemocline, but at the deepest point on 
the transect only 31 units are recorded, 
supporting the view that sediment at this 
depth has been affected by slumping from 
above. 

A similar rise in chlorophyll derivatives 
with depth has been observed by Vallen- 
tyne and Craston (1957) in certain holo- 
mictic lakes. 

Concentrations of bacteriochlorophyll 
derivatives (estimated from the absorbance 
peak at 750 nm) are very low, and only 
approximate because of very high (39-61%) 
baseline corrections (plotted between 700 
and 800 nm) to all but one of the deepest 
samples (6%). The range of concentration 
is from 0.2-2.2 units/g organic matter, 
with little relationship to depth. 

Carotenoids 

Both epiphasic and hypophasic carote- 
noids show about the same trends as do 
chlorophyll derivatives, being low in the 
shallowest sediments, rising rapidly to the 
4.6-m depth and then slowly to maximum 
concentrations below the chemocline ( Fig. 
1). Again, concentrations are low at 8.2 
m, lending further support to the view 
that slumping has influenced the character 
of the sediments there. 

Analysis of spots eluted from the thin- 
layer chromatograms indicates that at all 

depths p-carotene accounts for about half 
of the epiphasic carotenoids and lutein for 
about half of the hypophasic carotenoids 
( in terms of absorbance units). 

Pigment diversity 

Fewer than 40 spots (minimum 31) arc 
observed on the chromatograms of the 
shallowest sediments, and the numbers rise 
to between 43 and 50 spots in the hypo- 
limnetic and monimolimnetic sediments. 

DISCUSSION 

The organic content of the profundal 
sediments in Stewart’s Dark Lake is high. 
Only three profundal hypolimnetic sedi- 
ments in 43 holomictic Minnesota lakes 
exceed an organic content of 45% dry 
weight (Gorham and Sanger, unpublished). 

Pigment concentrations in the profundal 
sedimentary organic matter of Stewart’s 
Dark Lake are considerably higher than 
those of profundal sediments in even the 
most eutrophic of holomictic lakes in Min- 
nesota. In such Minnesota lakes, where 
profundal sedimentary organic matter is 
largely autochthonous (Gorham and Sanger 
1967), the maximum recorded concentra- 
tion of chlorophyll derivatives is 16 units 
/g organic matter, of epiphasic carotenoids 
27 units, and of hypophasic carotenoids 
31 units (Gorham and Sanger, unpub- 
lished). In the most oligotrophic, holo- 
mictic lakes in Minnesota, where the main 
source of profundal sedimentary organic 
matter is probably allochthonous (Gorham 
and Sanger 1967), profundal pigment con- 
centrations may be as low as 1 unit or 
less, mainly because of the decomposition 
associated with long exposure to oxidation. 

The data in Fig. 1 bear out the clear 
visual impression that allochthonous or- 
ganic remains (hardwood leaves, pine 
needles, etc.) are much more important 
components of sedimentary organic matter 
in the littoral zone of Stewart’s Dark Lake 
than in the deeper sediments. So do the 
data on pigment diversity, low diversity 
being characteristic of terrestrial source 
materials (Sanger and Gorham 1970). The 
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high background radiation of shoreline as 
compared with profundal sediments is also 
consistent with this view (Likens 1965). 
Presumably the larger allochthonous ma- 
terials do not escape readily (except by 
slumping) from the lake margins to deep 
water, where the finer particulate remains 
of phytoplankton may become concentrated 
by turbulent displacement and gravita- 
tional settling. 

Pigment concentrations in surface sed- 
iments beneath the thermocline and 
chemocline in Stewart’s Dark Lake are 
comparable to the higher concentrations 
observed in living algae and higher plants 
(Gorham and Sanger, unpublished). It 
thus appears that in these sediments the 
pigments have not decayed any more rap- 
idly than has the total mass of organic 
material of which they form a part. 

It is noteworthy that sedimentary pig- 
ment concentrations between the thermo- 
cline and the chemocline are almost as 
high as those observed (outside the slump 
zone) beneath the chemocline, and much 
higher than hypolimnetic sediment con- 
centrations in holomictic lakes. Although 
the monimolimnion of this meromictic lake 
seems to be the best site for pigment 
preservation, the hypolimnion immediately 
above is almost as good. Presumably the 
physiographic situation leading to mero- 
mixis also ensures a very brief period of 
isothermal circulation, and hence favors 
unusually good hypolimnetic pigment 
preservation-almost to the same degree 
as in the underlying monimolimnion. Al- 
ternatively, but less likely, meromixis may 
have extended to a higher level in the 
water column until very recently, thus ac- 
counting for high sedimentary pigment 
concentrations in the hypolimnion. How- 
ever, the present appearance of the sedi- 
ments provides no evidence for this. 

For the chemical anomaly at 8.2 m we 
can devise no explanation other than a 
considerable admixture of slumping lit- 
toral sediments. This seems quite reason- 
able because the lake slopes steeply for 
about 8 m to a relatively flat bottom (Fig. 
2: Johnson and Likens 1967), at the mar- 

gins of which one might expect much of 
the slumped material to be deposited. Vis- 
ible evidence of slumping, in the form of 
unlaminated turbidites interspersed in the 
normal laminated sediments, is observed 
in many places beneath the chemocline 
in the much larger meromictic Fayetteville 
Green Lake ( Ludlam 1969). The major 
significance of the situation in Stewart’s 
Dark Lake is that redeposition of its much 
more organic littoral deposits is not read- 
ily visible, so that slumping anomalies in 
lakes of its type may be much more diffi- 
cult to detect and take into account in 
stratigraphic studies of sediment cores for 
such things as sedimentation rates, pollen 
counts, ratios of littoral to planktonic mi- 
crofossils, etc. 
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PROBLEMS AND METHODS OF CONTINUOUS ZN SZTU MEASUREMENTS 
OF REDOX POTENTIALS IN MARINE SEDIMENTS~ 

ABSTRACT 

The construction of a special redox probe 
and the electronic circuitry for multitrace 
recording of Eh values are described. The 
probe, carrying 10 platinum electrodes on its 
surface, is designed for easy field measure- 
ments and long-term recordings of redox po- 
tentials in marine sediments. 

There has been a great deal of discus- 
sion about the importance of redox poten- 
tial in describing and defining partially or 
entirely anaerobic biomes. The redox po- 
tential discontinuity layer is an important 
faunal boundary. The redox potential can 
be measured with comparative ease in the 
field, but there always remains the ques- 
tion of interpreting an electrochemical 
potential measured in a medium of un- 
known chemical composition, These ob- 
jections do not concern us here. We will 
call redox potential that potential mea- 
sured between a platinum electrode and 
a calomel electrode as reference-a stan- 
dard setup used by biologists. Eh then is 
the potential in reference to the hydrogen 
electrode and is used in this context in a 
general sense, not necessarily interpretable 
with the Nernst equation. 

We describe a method to improve data 
collection, Our aim was to make many 
measurements in a short time, as well as 
continuous recordings over long periods, 
in marine sediments. Reduced marine sed- 
iments are usually found in beaches with 
little or no wave action, and subtidally. 

1 Financial support was provided by National 
Science Foundation Grant XA120-09 and North 
Carolina Board of Science and Technology Grant 
RAo12-09. 

The area of our special interest was the 
intertidal zone, but our method is also 
applicable to subtidal measurements. 

METHODS 

The usual setup for measuring redox 
potentials consists of a platinum electrode, 
a calomel reference electrode, and an elec- 
trometer. We too use this setup, the theory 
and shortcomings of which have been ex- 
tensively discussed ( ZoBell 1946; Stumm 
1966; Doyle 1968). S ince technological dif- 
ficulties with new apparatus are because 
potentials must be measured with no cur- 
rent flowing through the electrodes, insu- 
lation resistance and leakage were our 
major concerns. 

Electrodes 

A simple way to measure the redox po- 
tential distribution with depth is to push 
several electrodes simultaneously to prede- 
termined positions in the sediment, with 
care not to disturb the layering. Our probe 
has 10 platinum electrodes in a screwlike 
arrangement on the surface of a cylindrical 
stick ( Fig. 1). The body of the stick is 
made from a glass-fiber tube (grade G-10 
glass-fiber epoxy) which combines good 
insulation characteristics with high me- 
chanical strength (necessary for consoli- 
dated sands) and ease of manufacture. 
Grooves, about 1 cm long and 1.5 mm 
deep, were cut into the outside wall, with 
holes on either side leading into the tube. 
The distance between the grooves is 2 cm 
on one probe, 0.5 cm on another, mea- 
sured vertically, and 90” on the circum- 
ference. This is a compromise between 


