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ABSTRACT

Thirty-four cores from 100 to 320 cm in
lengtl from western Michigan coastal lakes were
analyzed for Cr, Cu, 7n, Mn, per cent nolatile
matorial, and sediment size. Lakes included in
the study were Spring Lake, White Lake' Mus-
kegon Lake, and Lake Macatawa representing
areas of high and low industrial development. In-
dustrialization is indicated by increases in Cr, Cu,
ard Zn concentrations toward the tops of most
cores. Various industrial events of known time and
origin can be correlated between @res and are
used to establish sediment accumulation rates. Sedi-
mentation rates vary between lakes and average
from 1.1 to 3.0 cmlyear.

Natural background concentrations of trace
elemenfs vary between core locations and within
a given core and are apparently altered slightly by
natural phenomena. Relative backgrouncl concetrtra-
tions of Cr, Cu, and Zo compare favorably with
those of other areas. Enrichment of Cr, Cu, and
7a and changes in relative proportions of these
elements reflect coltamination by aerosols and/or
industrial effluent, Aerosol contamination levels for
the region are reflected by trace-metal enrichment
within near-surface sediments collected from Spring
Lake, which has no industrY.

Interpretation of trace+lement enrichment zones
within sediment cores is dependent upon establish-
ment of background levels for specific locations,
determination of relative aerosol concentrations fot'
tlo region, and sediment analysis of cores.

R€sulcf

Trente-quatre carottes de 100 e 320 crn de
longueur provenant des lacs cdtiers de l'ouest de
f6tat du Michigan ont 6t6 analys€es pour leur con-
tenu etr Cr, Cq Zn, Mn, leur pourcentage de ma-
t6riel volatile et leur dimension s6dimentaire. Les
lacs qui ont fait partie de 1'6tude sont les lacs
Spring, White, Muskegon et Macatawa pour leur
ripr6sentation des r6gions i fort et pauvre d6ve-
loppement industriel. L'industrialisation se mani-
feste par une augmentation du Cr, Cu et des con-
centrations de Zn aux alentours des surfaces de la
majoritf des carotGs. Divers 6v6nements indus-
trdh de temps et d'origine connus peuvent 0tre
apparent6s arD( carottes et sont utilfu€s pour 6tablir
les taux d'accumulation des s6diments. I-es taux
do s6dimetration varient selon les lacs et ont une
moyentre de 1.1 i 3.0 qn Par a.nn6e.

Les concentrations de fond naturelles des traces
d'6l6ments varient selon la location des carottes et
i I'int6rieur m6me d'une carotte et sont apparem-
ment l6gdrement transform€es par des ph6nomBnes
naturels. Irs concentrations de fond relatives de
Cr, Cu et de Za se omparent favorablement avec
celles des autres r€gions. L'enrichissement de Cr'
Cs et Zn et des changements relativement propor-
tionn6s de ces 6l6ments sont une indication de la
contamination par les a6rosols.etlou par des ef-
fluents industriels. Irs niveaux de contamination
de la r6gion par les a6rosols sont repr6sent6s par
I'enrichissement de traces de m6taux I l'int6rieur
des s6diments presque superficiels ramass6s du lac
Spring, of il n y a pas d'industrie.-L'interpr6tation 

des zones d'enrichissement d'616-
ments de trace l. fint6rieur des carottes de s6diments
d6pend de l'6tablissement de mveaux de fond en des
lieux sp6cifiques, de la d6termination des concen-
trations relatives d'a6rosols dans la r6gion et de
I'analyse s6dimentaire des carottes.

Clraduit par le journal)

INrnooucrroN

Lake Macatawa Spring Lake, Muskegon
Lake,and White Lake are all coastal inland lakes
located along the southeastern shore of Lake
Michigan (Ftg. 1). A total of 34 piston cores
ranging from 100 to 32O cm in length was
taken from these lakes and analyzed for trace
concentrations of Cr, C!, Zn and Mn, per cent
volatile material and sediment texture. Asso-
ciated studies were done of the pollen and dia-
tom assemblages in some cores (Fowke 1975;
Dunning et al.1975).

The purpose of the study was to use trace-
element geochemistry as a chronologic tool for
locating natural background as well as agricul-
tural and industrial horizons within the sediment
column. Correlation of trace-element horizons
with known agricultural and industrial events
enabled determination of average sedimentation
rates for post-settlement periods in the various
lakes.

Tscfiff.ueuss

Sediment cores were taken with a modified
piston corer from the Hope College Vessel
Hope I. Each core was described, x-radiographed
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some cores taken from each lake. These pre-
contamination levels were defined by low
concentrations of Cr, Cu, and Zn, generalTy
less than 1@ ppm, whereas naturally-high Mn
concentrations ranged from 150 to 7O0 ppm.
Natural background concentrations of Cr, Cu
and" Zn were consistent in that. in most cases.
Cu was more abundant than Cr and Zn was
the most abundant of the three.

Natural background levels of all four ele-
ments vary between lakes 3nd yfithin any
grven core. Manganae is naturally abundant
and its concentration, along with that of the
volatile material and the texture of the sedi-
ments, is largely controlled by the energy re-
gime of the depositional environment. Figure
2 shows that Mn concentrations and per cent
organicso as estimated from the volatile cou-
centrations, are low in sandy, high-energy
areas and are relatively higher in the low-
energy, muddy areas. The levels of Cr, Cu,
and, Zn are also influenced in the same manner,
but thie phenomenon is not so apparent due
to contamination and the lesser nafural con-
centrations.

Development within tle four lake basins
ranges from that of a highly agricultural and
industrial Lake Macatawa basin to that of
Spring Lake whose natural setting has been
altered only slightly. Using trace-element con-
centrations, the natural background, as well

FIc. l. Location of Lake Macalawa, Spring Lake,
Muskegon Lake and White I-ake.

to check for disturbed sections, split longitudi-
nally and sampled at 10 cm intervals.

The technique used in preparation of samples
was devised by Dr. David Klein of the Hope
College Chemistry Department. One gram sam-
ples were treated with 0.5 ml commercial Clorox
and 2.5 n\ of.5O/o reagent strength nitric acid.
The sample was heated until the reaction was
completed and then centrifuged to remove the
insoluble residue. The solution was diluted to
a 50 ml volume with deionized water to vield
a 2Vo concentration. Samples were analyzed
with a Perkin Elmer Model 303 Atomic Ab-
sorption Spectrophotometer. The percentage of
volatile material comprising each sample was
determined by calculating the weight loss after
combustion at 550 to 600oC for one hour.

DrscussroN

Background concentrations of the four ele-
ments studied were found near the bottoms of
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F)'a. 2. Correlation between sediment texture, per
cent organigs, and Mn concentrations in selected
cores from l-ake Macatawa.
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as agricultual and industrial horizons, were
identified in sediment cores. An agricultural
horizon was only observed in Lake Macatawa
deposits. Cores from all of the lakes can be
subdivided into background and contaminated
layers (Fig. 3).

The near-natural condition of Spring Lake
is seen in Core Sp 17 (Fig. 4) as background
is reached only 10 cm below the surface. Be-
tween 10 cm and the surface Cr. Cu ar.d Zn

increase significantly, probably as a result of
aerosol contamination by the Consumers
Power plant along the Grand River (Klein,
personal communication). An average sedimen-
tation rate of less tlan 0.5 cm/yr. was deter-
mined for core Sp 17. Core Sp 19 is contamin-
ated to a depth of 40 cm, indicating a somewhat
higher rate of sedimentation (1.0 cm/yr). This
core was taken closer to the source of the sus-
pected pollutant and closer to the Grand River
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Fro. 3. Selected cores from Spring Lake, lake Macatawa, Muskegon I-ake and White Lake showing na'
tural backgroun4 aexfculhfuf 
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F 9. 4. Spring l-ake; core locations and trace-element concentrations versus depth in core in cm. Arrow
indicates industrial horizon.

from which it may receive some sediments and/
q1 ssnfaminanfs. Water-quality information for
the Grand River is not available, howevef, and
its principle direction of flow is past, rather
than into the lake.

Muskegon Lake, like White Lake and Spring
I-ake, has very little agriculture in its drainage
basin. There is, however, significant industry
losated near the lake including a power plant,
foundry and refineries. Enrichment of trace
elements in the top 90 cm of core M 49 and the
top 40 cm of core M a7 Fig. 5) results from
industrialization. The average sedimentation
rate in the area of core M 49 is in excess of
2.5 cm/yr., and in the area of core M 47 a
rate of approximately 1.O cm,/yr. \ras deter-
mined. This is a substantial difference within
a small area of the lake.

White Lake is similar to Muskegon Lake in
that it receives effluents from several indus-
tries, and its drainage basin consists predomi-
nantly of sandy deposits. Cores W O8 and W 01
were taken in areas some distance from indus-

trial sites (Fig. 6). Core W 12 was taken near
Hooker Chemical Company which began oper-
ation in 1953, This event can be correlated with
a sha4r increase in Cr and Zn in the upper 60
cm of the core, from which an ayerage sedimen-
tation rate of 3.0 crn/yr. was determined. The
Whitehall Leather Company began using di-
chromate salts in i* tanning process n 1944.
Cr contamination is evident in the upper 30 cm
of core W 09 and concentrations of more than
19O0 ppm occur at the surface. Using this core,
a sedimentation rate of 1.0 cm/yt. was estab-
lished for this area-

Core W O8 was taken slightly more than 1.5
km from core W 09 and shows essentiallv no
enrichment of Cr and Zn, indicating that ihese
particular trace elements were not transported
far from the point of introduction. Core W 01,
located in the extreme western portion of the
lake (Fig. 6) is enriched in Zn near the surface.
These concentrations are higber than measured
anywhere else in White I-ake, and as yet the
source is not identified.
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Lake Macatawa was the most extensively
studied of the four lakes. In alt 23 piston cores
taken from this lake were analyzed for their
trace-element geochemistry. Lake Macatawa is
highly inalustrialized like White Lake and Mus-
tJgon Lake, and about 657o of its drainage
basin is presently used for agriculture. Conse-
quenflyo an agricultural horizon is seen below
the industrial horizon. The introduction of Cu,
and particularly Zn, into the lake as a result
of the use of pesticides and fertilizers (Hesse &
Evans 1972) can be seen at about 100 cm in
core Urp 205 (Fig. 7) and follows a significant
down-core change in the ambrosia/vesticulate
pollen ratio (Fowke 1975). The change from

primarily vesiculate to primarily ambrosia in-
fucates iqtlacement of woodlands around the
lake by clearings, presumably farmland,, some-
time near the turn of the century. Further en'
richment of Cr, Cu" and Zn at approximately
60 cm in core Urp 2O5 represents the indus-
trial period which began about 40 years ago.

Coie Urp 195, taken in the eastern portion
of the lake near the former effluent discharge
of Holland Suco (Fig. 8) shows industrial con-
tamination throughout its 150 cm length. From
this core a sedimentation rate of greater than
3.5 cm/yr. for this area was computed- Sedi-
mentation rates from other cores in this area
were as high as 5.3 cm/yr. and generally de-

C o n c e n t r q l i o n r  i n  p p n / 1 g g

M 4 9 n47

(-

C r

C u

Z n

I,
I
I
I

N l n  - -

Frc. 5. Muskegoo Lake; core locations and trace-element concentrations versus depth in core 14 cm for
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Frc. 7. Trace-element concentrations versus depth
dustrial horizons.

crease with distance from the source of conta-
mination (Fig. 8). It is suspected that the cause
of high sedimentation rates near the sewage
outlet is electrochemical flocculation of sus-
pended clays.- 

Sedimentation rates are generally lower m
the western portion of the lake and average
1.5 cm/yr. Core Urp 2O7 for example' has an
industrial horizon at 4O cm which yields a sedi-

in core in cm. Arrows indicate agricultural and in-

mentation rate of 1.0 cmlyr. The higher rates
of the eastern portion of the lake, averaging
3.2 cm/yr, reflect proximity to the Black River
which is the major source of sediment entering
the lake. Reliable quantitative water-quality in-
formation is not available for the Black River.

The over-all sedimentation rate for Lake Ma-
catawa is close to 3.0 cm,/yr. This is high rela-
tive to the other three lakes. Both Muskegon

160
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trace-element analysis of

White
Lake l.4cmfyt

Lake and White Lake have average sedimenta-
tion rates of. 1..4 cmJyr. and Spring Lake has an
average sedimentation rate of 1.1 cmlvr. Lake
Macatawa's substantially higher rate of sedimen-
tation is due first to the great amount of fine
clastic material entering the lake as a result of
agricultural activities in the Black River drain-
age basin, and less importantly, electrochemical
flocculation of these fine terrigenous materials
in the eastern part of the lake.

CoNcrustoNs

Trace-element geochemistry is an effective
geochronologic tool for investigation of the
effects of recent historical development in an
area and for determination of sedimentation
rates in a given locality. Ilowever, background
levels of trace elements varv between lakes
and even between core locations within a sin-
gle lake. Aerosol and effluent concentrations
will also vary depending upon the location of
the lake and the sources of the pollutants. The
energy regime of the depositional area will
have an effect on quantities of trace elements
deposited. Therefore, interpretation of trace-
element concentration fluctuations down core
is dependent on establishment of background
levels for specific locations, determination of
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Natural background levels were established
in each lake and agricultural or industrial
horizons were identified in the cores. Due to
the predominantly sandy soils of the Spring,
Muskegon Lake and White Lake drainase
basins, agriculture is not significant in theie
areas. The fine-textured, highly organic soils
of the Lake Macatawa basin 

'are 
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farmed. An agricultural horizon is identifiabl!
in Lake Macatawa sediment cores and predates
the industrial horizon. Industrial horizois were
identified in sediment cores from all four lakes
and correlated with known industrial events or
periods of industrialization. Average sedimen-
tation rates as determined from trace element
horizons are as follows:

Lake Muskegon
Macatawa 3.0cm/yr Lake 
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1.4cm/w
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