Major chemical and mineral components of profundal
surface sediments in Minnesota lakes®

Walter E. Dean?
Department of Geology, Syracuse University, Syracuse, New York 13210

Eville Gorham
Department of Ecology and Behavioral Biology, University of Minnesota, St. Paul 55108

Abstract

Minnesota lakes, characterized primarily on the basis of water chemistry, can also be
classified according to the proportions of organic matter, CaCOs, and clastic minerals in
their profundal sediments. The northeastern (group 1) lakes are characterized by shal-
low to very deep basins in Precambrian crystalline rocks, active outlets, and dilute surface
waters. Profundal sediments of these lakes contain no sedimentary calcium carbonate and
can be subdivided on the basis of organic content. Highly organic sediments of group 1
lakes contain more than 30% organic matter (as loss on ignition), but most group 1 lake
sediments contain less than this.

The central group 2 lakes occupy shallow to moderately deep basins in calcareous glacial
till, have inactive outlets as a result of net evaporation, contain more concentrated salts
than group 1 lakes, and commonly precipitate CaCO: during the summer. These lakes
can be subdivided on the basis of sedimentary CaCQOs. Sediments of group 2 lakes with
more than 30% organic material contain little or no CaCQs. Southern group 2 lake sedi-
ments are characterized by 10-30% CaCO:; and 10-30% organic matter. Sediments of
western group 2 lakes contain 30-50% CaCOs and about twice as much clastic as organic
materials. Group 3 lakes occupy shallow depressions in calcareous, sulfur-rich glacial
drift of the arid southwestern prairie region and contain even more concentrated salts
than group 2 lakes. Sediments in these lakes are mainly clastic, averaging about 12% or-
ganic matter and 20% CaCOs.

Variations in water and sediment chemistry, and in sediment mineralogy of these lakes
are clearly related to an increase in climatic aridity and aquatic productivity from north-
east to southwest. Differences in nature of the underlying glacial drift and in degree of

erosion also affect the composition of the lake sediments.

Minnesota has more than 15,000 lakes in
a landscape characterized by diverse bed-
rock and surficial geology (Fig. 1). It also
exhibits marked climatic gradients. Annual
precipitation is 70~80 cm in the eastern half
of the state and 50-70 cm in the western
half (Ackroyd et al. 1967). Runoff exceeds
25 cm in northeastern Minnesota, 20 cm in
the southeast, and falls to less than 5 cm in
the west (Minn. Dep. Conserv. 1962).
Mean annual temperatures range from 2°C
in the northeast to 8°C in the south (Baker
and Strub 1965). According to Bright
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(1968), the balance of precipitation minus
evaporation in the state is positive (0-8 cm)
only in the northeast and is distinctly nega-
tive (-15 to —30 cm) in the west.

The chemistry of surface waters reflects
the combined influences of these environ-
mental variables, and on this basis Gorham
et al. (in prep.) have divided Minnesota
lakes into four distinct geographic groups
(Fig. 2). The northeastern (group 1) lakes
contain dilute bicarbonate waters ( conduc-
tivity <160 umhos cm™ at 25°C) in shallow
to relatively deep basins (up to 64 m) in
Precambrian crystalline rocks. In this
heavily forested region precipitation exceeds
evaporation, so that the northeastern lakes
have active outlets throughout the year. A
few group 1 lakes are also found elsewhere
on coarse, noncalcareous drift. The central
(group 2) lakes contain bicarbonate waters
of intermediate concentration (conductiv-
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Fig. 1.
al. 1967 and Winter 1974).

ity 160-500 pmhos cm™ at 25°C) in shal-
low to moderately deep basins in calcare-
ous drift. The central lakes are found in
both forest and prairie regions, generally
have inactive outlets, and many (or most)
of them precipitate carbonate biogenically
during summer (Megard 1968). Group 3
lakes have high concentrations of bicar-
bonate and sulfate waters (conductivity
>500 umhos cm™ at 25°C) and occupy
shallow depressions in sulfur-bearing gla-
cial drift (cm. Winter 1974) in the south-
western prairie region. Group 4 consists
of a very few lakes along the western border
with high concentrations of sodium and sul-
fate (conductivity >7,000 umhos cm™ at
25°C); there are many more such lakes in
the Dakotas (e.g. Mitten et al. 1968).
Within Minnesota, concentrations of dis-
solved salts in lake water increases more
than 1,000-fold from the northeastern lakes
to those of the southwest—this gradient re-
flecting mainly the change from positive
to negative balance between precipitation
and evaporation along the same gradient
(Bright 1968). The boundaries between
groups are relatively sharp, however, sug-
gesting that surficial or bedrock geology,
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Maps of bedrock geology (A) and major surficial deposits (B) (modified from Ackroyd et

or both, are more important than climate
in determining actual group boundaries.

Here we analyze the major components
of profundal sediments from 46 lakes (14
group 1, 27 group 2, 4 group 3, and 1 group
4) in relation to environmental factors. The
top 10 cm of profundal sediments from the
deepest portions of the lakes were chosen
for analysis in the belief that they would
provide the best integration of allochtho-
nous materials from the drainage basin and
autochthonous materials produced within
the lake. Analyses of sediments along tran-
sects in several lakes demonstrated that ex-
cessive solution of sedimentary carbonate
minerals in the deeper portions of some
lakes is the most serious error in this as-
sumption. This problem is discussed in a
later section.

We are grateful to H. E. Wright, Jr., G. J.
Brunskill, and R. Y. Anderson for helpful
reviews of the manuscript. Additional sug-
gestions, particularly regarding clay min-
eralogy, were provided by W. Parham.

Methods

Undisturbed samples of profundal sedi-
ments were collected with a Jenkin sampler
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Fig. 2. Map of lake location and profundal
sediment composition for all 46 lakes. Lakes are
numbered in order of increasing salinity, used for
reference in tables. Symbols reflect surface water
salinity (groups 1—4), further modified to separate
lakes with profundal sediments rich in carbonate
and those rich in organic matter.

(Mortimer 1941, 1942). Depth of penetra-
tion ranged from 10-15 cm in clayey sedi-
ments with little organic matter to more
than 30 cm in flocculent highly organic
sediments. The top 10 cm of core used
does not represent the same time interval
in all cores. Samples were stored in poly-
ethylene containers precleaned with hydro-
chloric acid and rinsed with distilled water.

In the laboratory, samples were air-dried
at 90°C and ground to powder. Percent or-
ganic matter and carbonate were deter-
mined by loss on ignition at 550°C and
1,000°C (Dean 1974). Ignition loss at
550°C was assumed to represent ignition
of organic matter: this was checked
chromatographically with a Hewlett-Pack-
ard CHN analyzer (Fig. 3). Ignition loss
between 550° and 1,000°C was assumed
to represent loss of CO» from carbonate
minerals and percent calcium carbonate
calculated by multiplying the percent igni-
tion loss between 550° and 1,000°C by 2.27,
the factor for converting CO, to CaCOs.
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Fig. 3. Scatter plot of organic matter (by loss
on ignition at 550°C) and organic carbon in pro-
fundal sediments of all 46 lakes.

The accuracy of this method has been
checked by comparison with several stan-
dard methods (Dean 1974). Lake sedi-
ments with considerable clay but no car-
bonate usually have a 1.0 to 1.8% weight
loss between 550° and 1,000°C, presumably
due to loss of water from clay lattices; this
converts to 2.3 to 4.1% CaCOj if we assume
that all of the loss is due to CO; evolved
from carbonate. However, standard addi-
tions of CaCO; to noncalcareous lake sedi-
ment show nearly 100% recovery by the
ignition loss method for CaCO3; concentra-
tions above 10% (Dean 1974). The differ-
ence between 100% and the sum of ignition
loss organic matter and carbonate was taken
as the inorganic, noncarbonate clastic frac-
tion. Ignition loss determinations for or-
ganic, carbonate, and clastic components
are given in Table 1 as percent dry weight.

Total and soluble Ca and Mg were deter-
mined with an atomic absorption attach-
ment for a Beckman DU spectrophotome-
ter. Samples (500 mg) for analysis of total
Ca and Mg were digested and evaporated
to dryness successively in HNOs;, HF, and
HCI. The final dried residue was taken up
in 1.0 N HCIl. For samples high in Ca and
Mg, 100-fold dilutions were necessary. The
final solutions contained 1% lanthanum to
suppress interference by silica and alumina.
Samples for soluble Ca and Mg were
leached with 1.0 N ammonium acetate at
pH 52: according to Wangersky and
Joensuu (1967) and confirmed here, this
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