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The Developmental History of Cedar Creek Bog, 

Minnesota* 

Raymond L. Lindeman 

The Anoka Sand Plain of east central Minnesota is liberally sprinkled with 
lakes, bogs and marshes, representing innumerable phases of hydrarch succes- 
sion. One of the most interesting areas of this region is known as the Cedar 
Creek Bog; it is located astride of the AnokaTsanti county boundary, Range 
23W, Township 34N, Section 27. The character of this bog was first recognized 
in 1931 by Dr. W. S. Cooper, during an aerial survey of the Anoka Sand 
Plain. Terrestrial explorations corroborated his surmise that the bog represented 
an advanced successional stage of what had once been a much larger lake, 
formed in an ice-block depression of pitted outwash. 

Under the inspiration of Dr. Cooper and the cooperation of Dr. Samuel 
Eddy, several ecological studies have been initiated on the Cedar Creek Bog, 
the results of which are to be judged from time to time under the collective 
title "Ecological Studies of a Senescent Lake." 

Geology 

The late-glacial history of the Anoka Sand Plain has been carefully studied 
by W. S. Cooper (1935). During the Middle Wisconsin glaciation a lobe from 
the Patrician ice center pushed southward across the Anoka area, bringing with 
it rock fragments from the igneous formations around the western end of Lake 
Superior as well as quartzite and small amounts of limestone from other forma- 
tions south of the Lake Superior Basin (Leverett & Sardeson, 1932, p. 40). 
The resultant Patrician drift consists of a rather loose-textured reddish till. The 
essentially non-calcareous nature of this drift is important to us here because 
of its later contribution to the outwash sand of the Anoka Sand Plain. 

During the Late Wisconsin glaciation ice from the Keewatin center, bearing 
much calcareous material, moved southeastward across central Minnesota until 
it encountered the high terminal moraines of the Patrician drift, as shown in 
Fig. 1. The main body of the ice pushed southward to form the Des Moines 
Lobe, but a thin sheet known as the Grantsburg Sublobe was deflected north- 
eastward across the Anoka area. 

The advancing ice front of the sublobe pushed before it the precursor of 
the present Mississippi river; the waters of this river became impounded to form 
glacial Lake Grantsburg, which found an outlet through the channel of the 

* This is the first paper of a series, "Ecological Studies of a Senescent Lake," 
describing various ecological aspects of the Cedar Creek Bog. The second paper, entitled 
"Surface Level Fluctuations in Cedar Creek Bog" by Murray F. Buell and Helen 
Foot Buell, appears in Ecology, Vol. 22, 1941. 
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modem St. Croix river. Upon stagnation and recession of the Grantsburg 
Sublobe, the river gradually migrated back across the plain of exposed till and 

stagnant ice, but continued for a considerable time to empty into the St. Croix 
channel at a point near Taylor's Falls. When finally the ice had receded suffi- 

ciently to expose the original channel, the Mississippi River reverted to approx- 
imately its previous course. This southwestward migration of the river, accord- 

ing to Cooper, left the interior of the Sublobe as a hodge-podge of small areas 
of level till, fragments of moraine, and great expanses of outwash sand; Cooper 
named this outwash area the Anoka Sand Plain. 

The material comprising the outwash deposit, according to the Anoka 

County soil survey (Smith, Nesom and Roth, 1916), consists of fine sand. 

Cooper (1935) subjected samples to mechanical analysis and found that these 

Fig. 1. Formation of the Anoka Sand Plain (after Cooper, 1935). 
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averaged 78% fine and very fine sand. Samples from the Cedar Creek Bog 
region contained 40-60% of very fine sand (> 0.1mm); no pebbles or coarse 
rock fragments have been found in this area. 

The Cedar Creek Bog region (see Fig. 2) presents an interesting example of 

pitted outwash. According to Thwaites (1937) : 

Pitted outwash is formed only within the area occupied a comparatively few years 
before by ice. Isolated blocks of ice persisted longest in pre-existing depressions such 
as the kettles of buried terminal deposits and preglacial or interglacial valleys. In many 
places outwash must have been deposited on top of a more or less continuous sheet of 
stagnant ice of variable thickness. Deposition of sand and gravel went on so rapidly 
that it buried the ice masses or sheets in whole or in part, thus retarding their melting. 

Such an explanation might very well account for the intricate pattern of 

upland and peat areas shown on the map (Fig. 2); it should be remembered 
that the ice blocks must have been quite variable in size and that some of the 
"channels" observed are quite superficial, perhaps in some cases the result of 

subsequent stream work. 

The topography immediately surrounding the Cedar Creek Bog (shown in 

Fig. 3, which is an enlargement of the quadrangle marked in Fig. 2) indicates 
that the central part of the basin east of Second Island and Crone Island is 
almost certainly due to the melting of a single large block of ice. When this 
block melted it formed a "drainage" lake more than 12 meters in depth, repre- 
senting the earliest stage of what is now called Cedar Bog Lake. 

Vegetational Succession 

Since the glacial period the basins of kettle-holes and depressions have 
mostly been filled with peat, although some still contain ponds or lakes. The 
surface peat has been formed largely by sedges, especially along the drainage 
channels; many of the poorly drained pits, on the other hand, have developed 
into tamarack or spruce bogs with thick layers of Sphagnum and forest peat 
beneath the trees. The Cedar Creek Bog is unique in this region in having 
developed an extensive bog forest of white cedar or arbor vitae (Thuja occiden- 
talis), which has been encroaching upon the original basin of Cedar Bog Lake. 

The various stages of hydrarch succession in the Cedar Bog are represented 
by successively peripheral girdles of vegetation encircling the open water. In the 
lake itself great masses of such pondweeds as Najas flexilis, Ceratophyllum 
demersum and Potamoget?n zosteriformis, together with an abundance of epi- 
phytic Gloeotrichia, develop during each growing season. Serotinal blooms of 
blue-green algae occur during certain years. The incomplete decomposition of 
this luxuriant flora contributes greatly to the formation of sedimentary ooze 
and the filling in of the open water area. 

At the inner margin of the sedge mat grow amphibious species which are 
especially adapted to a substratum offering very little support. Most of the lake 
is bordered by an invading front of Decodon verticillatus (swamp loosestrife), 
a plant rare in Minnesota but very abundant in the Cedar Bog. Decodon is 
partly supported in the tenuous ooze by cork-like aerenchyma on the roots and 
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Fig. 2. Photo-map of Cedar Bog Lake Region (Sept. 21, 1938), showing relation 
of upland and peat areas in pitted outwash. The meandering Cedar Creek is shown on 
the left. Photograph by courtesy of the federal Soil Conservation Administration. 

Cedar Bog UK? Basin 
NWi S?c27 ?34n R?3* 
Anoka Co., ?Inn 

Fig. 3. Enlarged map of the quadrangle outlined in Fig. 2. 
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stems. Typha latifolia (cattail) is not so well adapted for marginal invasion 
and is typically interspersed with the peripheral fringe of Decodon; its success 
on the mat seems to vary inversely with high water level. There thus appears 
to be a constant cyclic struggle for marginal dominance between Typha and 
Decodon. During years of abundant rainfall Decodon controls the invasion; 
during drier climatic periods, due to lowering of the lake level, Decodon gives 
way to Typha. Such cyclic changes have taken place during the past ten years. 

When the lake was first observed in 1931, Decodon everywhere dominated 
the margin, as indicated in the photograph (Fig. 4) taken by W. S. Cooper 
during the summer of that year. Murray F. Buell, who visited the lake at inter- 
vals from 1932 to 1935, reported that the water level was high and Decodon 
abundant in 1932, but that during the summers of 1933 and 1934 the lake 
level dropped so much that a great "soupy mud flat" extended out from the 

margin for 15 to 25 meters. Water was much higher in 1935, but had dropped 
again in 1936 when the present author first saw the lake. These summer drouths 
spelled hard times for the Decodon, so that by the summer of 1937 (Fig. 5) 
Typha seemed to dominate the entire margin. Recent years have been much 
more normal, and at present (1940) Decodon seems to be regaining control 
of the lake margin, as suggested by Fig. 6. 

The rapidity of marginal invasion is attested by two measurements : in May, 
1935, Buell measured the distance from a marker on the sedge mat (designated 
"X" in Fig. 3) to the edge of open water as 2.8 meters; in May, 1940, the 
author found the water's edge to be 3.75 meters from this marker. Marginal 
invasion, due largely to the proliferation of Decodon, had encroached on the 
lake a radial distance of practically 1 meter in 5 years. At this tremendous rate 
the lake will have become a bog swale within 250 years. 

The marginal mat vegetation supports many other plants besides Decodon 
and Typha, including sedges, grasses, other herbs, ferns and mosses. Scattered 
willows and alders also occur, and young tamaracks are abundant along the 
peripheral margin. Heaths and sphagna, so characteristic of bog mats in other 
legions, are not prominent near the Cedar Bog margin; bog birch (Betula 
pumila vat. glandulifera) occurs locallv. "Soil" water of the mat is only weakly 
acidic (pH 6.4-6.5) and has a total alkalinity (titrated with H2SO4 to pH of 
4.0) of 110 to 150 parts per million, calculated as CaC03. 

The bog forest occupies the portion of the original lake basin peripheral to 
the sedge mat. Larix laricina (tamarack) forms a distinct forest girdle about 
40 meters in width; young tamaracks adjoin the outer margin of the sedge mat, 
while the larger trees are farther back from the lake. Mosses and heaths are 
important as the ground cover in this area; Cornus stolonifera (ted osier) and 
Rhus Ver nix (poison sumach) are important shrubs. Since the tamaracks can- 
not reproduce in their own shade, Thuja occidentalis (white cedar) seedlings 
occur beneath the mature tamaracks; white cedars increase in size and import- 
ance peripheral to the tamaracks and dominate the major portion of the 
original lake basin. Towards the ancient shores occur scattered individuals of 
upland trees: Pinus Strobus (white pine) and Betula lutea (yellow birch) are 
common in local areas. Scattered seedlings and saplings of Ulmus americana 
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Cyclic changes in Cedar Bog Lake, 1931-1940. Fig. 4 (1931, photo by W. S. 
Cooper) shows lush growth of Decodon and high water level. Fig. 5 (1937, following 
several years of drouth) shows replacement of Decodon by Typha along the lake 
margin. Fig. 6 (1940) indicates partial recovery of Decodon following seasons of 
normal precipitation. 
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(elm), Fraxinus nigra (black ash) and Acer rubrum (red maple) indicate the 
trend of further succession. 

Bottom Topography 

The topography of the original lake bottom from the northwest to the 
southeast bog margin was determined by a series of borings to the sand sub- 
stratum along the transect line shown in Fig. 3. Because of the great fluctua- 
tions in lake and bog levels during cycles of drouth and excess precipitation, 
as shown by the recent work of Buell (1941), it has seemed desirable to make 
all data dealing with depths of sediments conform to standard surface levels. 
The levels existing along the transect line on October 25, 1939, as surveyed 
with a Buff Level from upland bench marks, are arbitrarily taken as standards; 
all depths discussed in this paper are expressed in terms of these surface levels. 

The contour of the sand bottom along the transect line is shown in Fig. 7. 
The exact depth from the bog surface to the sandy substratum was determined 
for 21 of the 25 profile stations established, as indicated by small circles along 
the line representing bottom contour. It will be observed that the deepest 
portion of the original lake bottom is quite near the northwest margin. At 
station 2 in the center of the present lake, a modified Davis borer penetrated 
to a depth of 1L4 meters without reaching the substratum; the nature of the 
compacted sediments at this point indicated, however, that the underlying sand 
was not far below. The bottom slope from the northwest peat margin out to 
station 7 is 10^? from horizontal, very steep for a sand basin lake. The slope 
from the southeast margin out to station 13, on the other hand, is very gentle, 
although its regularity is strikingly broken by a deep pit or trough at station 
14. Northwestward from station 13 the depth increases rapidly. 

The apparent influence of bottom topography on vegetational succession is 
noteworthy: invasion from the southeast margin has undoubtedly proceeded 
much more rapidly than from the opposite shore, as evidenced by the vast 
expanse of bog forest southeast of the present lake. This effect of topography 
gains significance when wTe realize that the prevailing wind direction is from the 
northwest, which would ordinarily inhibit invasion from the wind-exposed lake 
shore. 

Fig. 7. Transect Profile of Cedar 
Creek Bog, Anoka Co., Minn. 
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Sequence of Sediments 

The types of sediments now occupying the lake basin, as determined 
largely by macroscopic examination, are represented graphically in Fig. 7. 

Samples of sediments have been taken at depth intervals of 20 centimeters 
from profile stations 1, 2, 3, 7, 8, 9 and 10, and at 50 centimeter intervals 
from such depth-zones of the remaining stations as are marked by solid vertical 
lines. Because detailed microscopic and chemical studies of the collected sedi- 
ments have not yet been completed, the following must be considered as a 

preliminary discussion. Many types of quantitative analyses on large numbers 
of samples are necessary to justify a more detailed interpretation of the Cedar 
Bog "thanatocoenoses."* 

The major groups of lake sediments fall into diagenic series corresponding 
more or less closely to the major lake types. Oligotrophic lake sediments are 

usually highly mineralized as the result of faunal activity and subsequent oxida- 
tion. Dystrophie lake sediments consist of a series of humified, allochthonous 
"lake peat" substances known as dy (pronounced "du"). 

The organic sediments of eutrophic lakes usually consist (Naumann, 1921) 
of a diagenic group known as gyttja (pronounced "yittya"). These sediments 
are highly coprogenic, produced by action of the benthic fauna on the settled 
planktogenic detritus or avja; oxidation is incomplete and usually followed by 
some reduction due to seasonal depletion of dissolved oxygen. 

Organic sediments belonging to a diagenic series known as sapropel (sensu 
Lauterborn, 1901) sometimes occur in eutrophic waters. Sapropel is formed 
under stagnant anaerobic conditions which exclude animal life; heterotrophic 
bacteria initiate extensive reductive processes usually resulting in the emission 
of H2S; the resulting deposits are black and putrified. According to Wasmund 
(1930), sapropel may be found in (1) deep pockets in the bottoms of eutro- 
phic lakes, (2) very small oligohumic waters, (3) waters with excessive sewage 
pollution, (4) waters with gypsum substrata, (5) waters with extended winter 
anaerobiosis, and (6) brackish strand?lakes and stagnated lagoons. Sapropel 
in shallow waters is largely derived from the cellulose-rich detritus of higher 
plants, or j?rna. 

It must be emphasized that the above sediments do not always appear as 
pure "genotypes," and that a certain amount of variation and intergradation 
must be expected. Some of the varieties and fasciations of these primary series 
have been described by Lundquist (1927), Naumann (1929) and Wasmund 
(1930). The sediment properties given above are somewhat categorical, based 
upon the published accounts of these European workers. Infallible methods of 
differentiation, applicable to American deposits in general, have yet to be 
developed; it is therefore highly desirable that careful studies be initiated to 
provide more precise chemical, physiological and biological criteria. Because 
English terms such as "mud," "muck," "slime," "ooze," and "sludge" are 
non-specific and confusing (Deevey, 1939, p. 700), the author urges critical 

A term introduced by Wasmund (1926) to include the semi-fossilized deposits of 
former biocoenoses. 
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examination and tentative recognition of the internationalized terms described 
in this paper. 

Present information indicates that the earliest sediments in the profundal 
region (> 7 meters in depth) consisted of a thin deposit of silty gyttja, 
followed by a layer of fine-detritus gyttja. These same deposits are found in 
the "pit" beneath station 14, at a depth of 8 meters. The absence of mineralized 
autochthonous material in these early deposits is taken to indicate that "oligo- 
trophy," usually considered as the pioneer stage of lake succession, was very 
transitory or absent. 

The profundal gyttja deposit in the Cedar Bog Lake is of the dark brown 
type for a very brief distance, above which it gradually becomes grayish in 
color due to an increasing content of marl; this gray deposit is accordingly 
known as marl-gyttja. The marl content rapidly increases upward in the sedi- 
ments until light gray marl forms a distinctive layer even at a depth of 10 
meters below the present lake surface. 

Vertical continuity of the marl is broken by the interposition of a sharply 
defined gyttja layer. This thin dark brown stratum has been encountered in 
every profile series penetrating more than 6 meters of sediment, but no evidence 
of it has been found in the shallower marginal profiles. Although no pollen 
chronology of the sediments has yet been made, this stratum appears to repre- 
sent the depositi of a period durino; which the ecological status of the lake 
must have been profoundly altered. The conditions giving rise to this remark- 
able deposit are as yet unknown. 

Above this distinctive gyttja stratus the deposits undergo a rapid reversion 
through marl-gyttja back to marl. In those marginal areas 4 to 6 meters in 
depth marl is the earliest sediment, being deposited directly upon the sandy 
substratum. Marl almost uniformly covers all earlier deposits up to a level 
about 4 meters below the present surface. The absence of marl above this level 
is as yet unexplained. 

The great abundance of marl in the Cedar Bog deposits, constituting about 
50% of the total sediment, can only be explained as a result of the drainage 
into the lake basin of calcium and magnesium ions from the surrounding 
upland. Thiel (1930) pointed out that marl is usually the earliest autoch- 
thonous deposit in lake basins of the Anoka Sand Plain. Although the outwash 
sand surrounding the Cedar Bog is not high in calcareous substances, intense 
leaching has removed much of the alkaline-earth content from this loose- 
textured porous soil. Also, the movement of sluggish streams of water through 
the inlets to the lake must have contributed greatly to the calcium and mag- 
nesium supply. 

In the deeper portion of the marl deposit the carbonate is compacted and 
in very minute particles; in the upper region of the deposit the marl occurs in 
coarse flakes, together with an abundance of snail shells and pondweed seeds 
which clearly indicate its biotic origin. Between these carbonate flakes is found 
a matrix of brownish organic ooze which rapidly increases upwards in propor- 
tion to the marl content. Above the 4 meter level this organic ooze occupies 
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the remaining space between the marl and the present open water zone. The 

present lake is actively increasing the amount of this deposit at such a rapid 
rate that the open water area will doubtless be completely filled within a rela- 

tively short time. 

This sediment, derived largely from pondweeds, epiphytic Gloeotrichia 
and blue-green phytoplankters, may be described as follows: consistency prac- 
tically liquid, 97% water; coprogenic, the particles composed almost entirely 
of fecal balls from chironomid larvae; color brownish-gray; odor very slight, 
"marshy" rather than sulphurous; pH near 7.0; total alkalinity 200-1000 ppm 
as CaC03; soluble iron up to 20 ppm; ciliate protozoon fauna very abundant; 
coarse detritus (retained by sieve 40 meshes per inch) 5-10%; little diagenesis 
apparent in 3 meters of depth. According to the criteria given by Wasmund 

(1930) this deposit belongs to the avja-^gyttja diagenic series. For want of a 
more specific term the sediments beneath the present lake are correspondingly 
termed ?vja-gyttja. 

Near the margins of the present lake the bottom sediments are blacker, 
firmer, less coprogenic and more strongly reduced. Decomposing materials 
from the marginal Decodon as well as from other parts of the sedge mat are 
mixed with the aquatic constituents, adding to the coarse detritus content. The 
above characteristics indicate that the lake sediments in this area should be 
classified with the sapropel series. The sediments of the intermediate area 

represent transitional phases between these two types. Beneath the sedge mat 
and adjacent portions of the bog forest the ?vja-gyttja becomes mixed with and 

finally gives way to a black sapropel deposit containing much coarse detritus, 
composed largely of Decodon fragments. This deposit is accordingly termed 

Decodon-sapropel. * 

One further aquatic sediment should be mentioned. The shallow littoral 
areas of the original lake, shown at each end of the transect, are covered by a 

sandy organic sediment with distinctive properties. This littoral deposit consists 

largely of the blackened, semi-bituminized fragments of leaves, twigs and other 
substances presumably washed into the lake from the adjacent upland or 
washed into "drift piles" near the shore by wind action. Fine sand, diminish- 

ing in quantity upwards, occurs throughout this sediment, which is tentatively 
labeled sapropsammite for the southeast shore shown in Fig. 7, while the corre- 

sponding sediment near the northwest-shore occupies a space too small to be 
labeled. Wasmund (1930, pp. 345-347) discusses littoral deposits of this type 
as possible precursors of petroleum-bearing sands. In the Cedar Bog a sharp 
transition line separates this sediment from over-lying sedge peat. 

* Such an effect of the marginal vegetation on the lake sediments is most unusual 
for a northern bog lake. Bog lakes in this latitude are usually surrounded by acidic 
sedge mats dominated by Chamaedaphne and Sphagnum. The contribution of such 
marginal vegetation to the bog lake sediments is usually in the form of flocculent, light 
brown dy, and such lakes are accordingly termed dystrophic. Cedar Bog Lake is 
definitely not dystrophic. 
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Beneath the sedge mat and peripheral areas the sapropel layer can be sharply 
differentiated from the superimposed sedge peat, formed by the roots and 
rhizomes of the sedge mat vegetation. As this layer is continuously augmented 
by fresh deposition it becomes heavier and tends to "squeeze" the more tenuous 

gyttja and sapropel over which the sedge mat has been floating, so that finally 
these sediments become compressed into strata only a fraction of their original 
depth, much of the space which they originally occupied having been replaced 
by sedge peat. This vertical pressure may also have had a horizontal component, 
tending to increase the amount of tenuous gyttja beneath the open water area. 

Metabolism of the vast bog forest community encircling the sedge mat 
forms humus materials which accumulate beneath the trees and finally form a 
thin layer known as forest peat. In the sediment-profile (Fig. 7) forest peat 
covers the sedge peat under the area occupied by the bog forest. 

Summary 

The Cedar Creek Bog was formed as an ice-block lake in pitted sand-outwash 
topography, following recession of Keewatin ice during the Late Wisconsin 
glaciation. The lake is at present in a late stage of senescence, water occupying 
less than 1/^q of its original depth and area. 

Marginal succession is proceeding with great rapidity; the sedge mat vegeta- 
tion showed radial invasion of 0.95 meter in 5 years. Nine years of observa- 
tions, supported by photographic evidence, indicates that precipitation has been 
an important factor in the dominance of Decodon over Typha as the foremost 
invader of the encircling sedge mat. An extensive forest of Thuja occidentalis, 
encompassing a girdle of Larix laricina, covets the peripheral area of the lake 
basin. 

Observations on the sediments of the Cedar Bog basin indicate that marl 
is the most extensive deposit, comprising at least 50% of the total. The marl 
is underlain in the deepest areas by a thin layer of fine-detritus gyttja, and is 
interrupted in its middle region by a second thin, sharply marked stratum of 
gyttja. The marl ceases abruptly above a sediment depth of 4 meters. A silty 
deposit tentatively termed sapropsammite occurs in the littoral area of the lake 
basin at sediment depths of 1 to 3 meters. The present lake is underlain by a 
deposit described as ?vja-gyttja, which merges peripherally into a blackish type 
designated as Decodon-sapropel. Beneath and peripheral to the sedges mat 
occurs a thick layer of sedge peat, overlain beneath the bog forest by a thin 
stratum of forest peat. 
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