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fessional experts during all phases of the planning process,
the geologist must present the physical data in a way
conducive to the multidisciplinary nature of regional
planning. The traditional geologic map, for instance,

is not a useful medium of communication, for it is often
ineffective in terms of planning needs. Stratigraphic
units generally reflect only time-rock elements,
establishing relative geologic age and defining mineralogic
and biologic variations, regardless of engineering pro-
perties. Furthermore, the traditional geologic map shows
bedrock without regard for the thickness and nature of

overburden.

Thus the development of special format maps
has become necessary and indeed they are used widely as
either single map or multiple map sheets. The map units
are chosen on the basis of their observed or inferred
engineering and physical properties. In this way, con-
fusing or extraneous data are eliminated, and the planners
have only the information which is necessary and important

for the solution of their specific problems.



Although a wide fange of automated graphical
data display systems are now available, geologists will
have to become members of the multidisciplinary planning
teams if the controlling factors and probable results of
alternative courses of action are going to be weighed and

analyzed skillfully.

Purpose and Scope

The purpose of this paper is to provide
opportunity for a practical exercise in regional planning.
It must be emphasized that this paper is a report rather
than an original planning contribution. Fieldwork
other than four reconnaissance tripé was not undertaken.
Instead, data compilation has been achieved through
personal consultation of local planning offices and
governmental agencies as well as literature research.
However, content and format (including graphical re-
presentation) are the result of the writer's work and

judgement.









Climate

The climate of the region is continental
and is considerably modified by the présence of Lake
Superior. However, temperature modifications are minimized
rapidly away from the lake, so that areas behind the bluffs
are less affected by the influence of the lake. Temperature
extremes are mitigated along the shore by several degreés.
The following data give a few yearly climatologigal

averages for the Duluth area in the 1941-1970 period:*

Temperature 38.5°F
: Highest in Aug. 1961 95.0°F
Lowest in Jan. 1972 -39.00F
Precipitation 28.37 in
Snowfall 55 in
Prevalling wind WNW

Thunderstorms are the principal source of
rain during the active vegetative period. Severe storms
such as tornados and ice storms, however, are infrequent.(9)
Several feet of snow may accumulate at the end of winter
where temperatﬁre affects the runoff patterns. Gradual

melting allows the water to enter the soil and subsoil, and

*The above data have been obtained from the
U.S. Department of Commerce, with the help
of Prof, T.w., Chamberlin, Dept. of Geog.,
UMD.



replenishing possible aquifers. Sudden thaws, on the
other hand, cause rapid runoff and result in a swelling

of the rivers.,

Regional Geology

Lakewood Township lies in the Lake Superior
Basin, and its geology is therefore determined by the
history o the Precambrian Era which can be divided into
three sequences, each of which is marked by a major

unconformity.(7'p'3)

During the Algoman orogeny the Early
Precambrian rocks in northern Minnesota underwent folding
and faulting, and various types of granitic and syenitic

rocks were emplaced. (see Map 2, p.9)

The Middle Precambrian, for the most part,
consists of clastic rocks and interstratified iron-for-
mations. In northern Minnesota, these strata (Animikie
Group) unconformably overlie Lower Precambrian rc.ks and

are slightly deformed. These sedimentary rocks are



inferred to cover a large part of northern Minnesota, but

(7, p.5)

exposures are limited to relatively few areas.

The Lake Precambrian events in Minnesota are
assigned to Keweenawan time, which was divided into three
segments - Early, Middle, and Late. However, this
traditional three-fold subdivision, based largely on rock-
.stratigraphic units, is currently being re-evaluated,
pending adoption of a new time-stratigraphic classification..
The Lower Keweenawan contains a substantial thickness of
igneous rocks that differ from Middle Keweenawan rocks in
lithology and metamorphic grade as well as in magnetic
properties.(7' P-5) The Middle Keweenawan (1.1 to 1.2 b.y.
old) contains the North Shore Volcanic Group (upper part,
according to Green), the Duluth Complex, and the lesser
Beaver Bay Complex and other diabase intrusives.(7’ p.11)
The Middle and Upper Keweenawan boundary has been placed
at the contact between dominantly clastic strata (above)
and volcanic rocks, (beneath), which are found in the sub-
surface of eastern Minnesota.  Northeast of Duluth, however{
the Late Keweenawan has left no rock record and could

(7, p-5)_

therefore not be dated.
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bedrock of the area is thus typically glacial lake deposits,
terminal moraine, and ground moraine material. The local

distribution of these glacial deposits is shown on map 3.

Geology of Lakewood Township

Map 4 shows the bedrock conditions of Lake-
wood, and it can be seen that most of the bedrock is lava
flows of the North Shore Volcanic Group. The most'abundant
general type of lava is olivine basalt of several varieties.
Another widespread one is a mot .ed variety called ophite
or olivine tholeite.(7’ p.302) They contain a few sporatic
interflow sediments, principally red, cross-bedded sand-

-

stone beds which are only a few inches thick. Conglomerates

are rare.(7’ P-301)  The North Shore Volcanic Group has
generally a low porosity and permeability, but it is
moderately fractured and has Joints large enough to hold

considerable amounts of water.

In the northwestern corner of the township
there is a contact of the Duluth Complex and, typically,
this area has a gabbroic-troctolitic bedrock with inclusions

of hornfels.
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There are two diabase sills running through
the area: the Northland Sill and the Lester River Sill,
They form ridges approximately at right éngles to the
general slope of the surface. The Lester River Sill,
approximately 1,000 feet thick, extends from the shore of
the Lake to the northeast corner of the township, creating a
divide between the east and west portion. At places the
ridge of the Lester River Sill rises 200 feet above the lake
plain of glacial Lake Duluth, and it shows extensive out-
crops of massive and resistant diabase,(s) in additic
irregular zones of felsic and intermediate differentiates.
(7, p.327) The Northland Sill, on the other hand, is exposed
only in the southern part of the township and consists of

mediumOgrained, massive, black diabase.(s)

The overburden consists primarily of Lake
deposits from glacial Lake Duluth and of glacial till (see
Map 5). The northwestern part of the township. apparently
constituting part of the Highland moraine, is a terminal
moraine which reaches a thickness of almost 100 feet (see
Map 5). In general, the moraine is composed of bouldery
material with more or less fine material intermixed. As a
geomorphic feature the moraine is irregularly developed

and 1t is difficult to trace a continuous
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belt. Furthermore, it merges imperceptibly into areas of
glacial drift with less relief and rolling topography re-
(8,p.73)

ferred to as till plains or ground moraine,

A belt of ground moraine (not necessarily
continuous) extends from Sec. 3 southwest to Sec. 30. 1In
general it is gently rolling with abundant boulders ih the
soil which locally are concentrated-at the surface. However,
the soil of the ground moraine has sufficient clay with
sand and gravel to make for satisfactory cultivation.(a)

_As a rule, till associated with ground moraine is<generally

much thinner than that in end moraine. It is composed of

basal deposits and sediments melted out during ice retreat.

The main rock types found in the till are
Keweenawan flows and associated intrusive rocks, and
granite.(a) The source of this material is the bedrock
formations of the Superior basin, whereas the granite had
most likely been transported from Canada, northeast of

(8lpo79)

Lake Superior.
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fan deposits or deltas.(8’ p.72) Despite a separate field
trip, the writer did not succeed in actually locating
alluvial fans. It is conceivable that some of these deposits
have already been exploited, evidence for which might be
found in the abandoned gravel pits. In general, however,
gravel accumulations in this area are difficult to spot, for

they are obscured by relatively heavy vegetation covers.

In addition to sand and gravel there might
be a po.sibility to extract clay for the production of brick.
The area to be considered would most likely be the ohe east
of the Lester River Sill. According.to.Schwartz (1949)
there'are places similar to Wrenshall within the ILake Duluth
depositional area that could be opened up for economic
purposes, The material in the Wrenshall area is varved and
is richer in clay (90%), whereas that in the Lakewood area
has only about 70% clay and is not distinctly varved; but®
other than that the two clays should be quite similar

(personal communication with Mr. R. Lewis, SCS, Duluth).
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Soils

The characteristics of the different soil
types in a development area should always be a prime
consideration. Soil limitations and their effects on
various construction elements must be known in order to
plan for sound development. The general soil map is
intended to give a rough idea of the soils within an area,
delineating the location of large tracts of land that are
representa.ive for certain kinds of soils. Soir is the top
few feet of material which has developed on the uncon-
solidated Pleistocene deposits already described in the
foregoing section. Map 6 is a general soil map, and the
soils in any one delineation ordinarily differ in slope,
depth.'drainage, and other characteristics that affect

their use and management.

Within Lakewood Township there are five
general soll types recognized and each one will be briefly

described. All of the following information has been
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Limitations for Selected "'ses in Soil Type B

Septic M™ank
Fielﬁb

Excavations.
(shallow)

Dwellings with
Basement

Sanitary
Landfill

Local Roads
and Streets

Corrosivity:
steel
concrete

Frost Action

Flooding

"Shrink-swell
Potential

Severe

Slight
Moderate
Severe
Slight
Moderate
Severe

Slight
Moderate

Severe

Moderate
Moderate

Severe
None

Low

Slow permeability

0 - 6 percent slopes
6 -12 percent slopes
over 12 percent slopes

0 - 6 percent slopes
6 -12 percent slopes
over 12 percent slopes

0 -12 percent slopes
12-25 percent slopes

High susceptibility
to frost action
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Limitation ratings are slight, moderate, and

severe. Slight soil limitation is the rating
given to soils that have properties favorable for
the stated use. Moderate is the rating given

to soils that have prOperties moderately favor-
able for the stated use. This degree of
‘limitation can be overcome or modified by special
planning, design or -aintenance, Severe is the
rating for soils with one or more properties
unfavorable for the'stafed use, such as steep
slopés, bedrock near surface, flooding hazard,
high shrink-swell potential, a.o. This degree

of limitation generally requires major soil
reclamation, special design, or intensive

maintenance.
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Map 8 shows these four different pysiographic
areas. They are transected and drained by the Lester,
Talmadge, and French rivers which cut deep gorges with steep
embankments as they flow into Lake Superior. Steep hills
and erodible soils apparently constitute an ever present
erosion problem. For reasons of topographic analysis the
writer of this paper produced map 9 in order to categorize
the township into several selected slope classes, based on

contour densities of the standard USGS topographic map.

The slope map (map 9) was made by preparing a
'transparent template in the scale of the USGS topographic
map, subdividing a section (1 sq. mi.) into 2% acre cells.
The number of lo-foot-contour-lines falling within one cell
were then counted (in a random distribution of squares)

and the slopes classified according to the established

code (for example: 2 to 3 lines, code II, 6-12 percent

slope).
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Drainage

Lakewood Township is in the Lake Superior
Watershed which generally drains southeasterly toward Lake
Superior. The township is drained.by.the Lester River,
the Talmadge River, and the French River, all of which have
an irregular gradient and are quite different in their length.
They have a channel width from 4 to 30 feet, and all have
high seepage losses into the fractured lava flows.(10) This
seepage loss is actually an important water storage mechanism
which becomes significant for the supply of drinking water.
The lower portions of the streams cut deep into the under-
lying bedrock whereas farther upstream the rivers flow

over a boulder bed in the lake plain or glacial moraines.

The largest of the three streams is the
Lester River which is some 22 miles long and emerges way.
beyond the township boundary. In its upper reaches it has
a gradient of about 16 ft/mi, in the middle parts between
38 and 50 ft/mi, and in the lower run it has a maximum
gradient of about 100 ft/mi. Among the three streams the
Lester River should have the most sustained flow éinCe it

has the largest drainage area (with Eagle Lake and a couple



of ponds).

The Talmadge River is the smallest stream
in Lakewood, having a length of only about 6.5 miles. The
gradient is fairly regular but very steep (average 92 ft/mi)
and, as can be seen on map 10, its drainage area is small,
so that mean channel flow must be e#pected to run low.
Also, it should be noted that its average gradient‘is 2.5

times that of the Lester River.

The Fre..... Rive. has a length of about 14
miles and irregular, local gradients which vary between
36 ft/mi and 52 ft/mi to 150 ft/mi in the lower reaches, the
average being 58 ft/mi. Only a small part of this river is

located in Lakewood.

Streamflow is primarily from surface runoff,
and the water level in the rivers responds therefore
rapidly to seasonal variations in precipitation. Rapid
runoff is attributed to the slope of the land, frequent
outcroppings, and the generally low permeability of the
clay soils on the lake plain. However, during periods of
low or deficient precipitation, streamflow is maintained by

ground water discharge to the streams and by the gradual
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release of water stored in the marshes. The estimated
annual increment of ground water discharged to this class
of watershed streams is about 2 inches, (10) Map iO shows
the three rivers and the marshes as well as the drainage

divides.

Ground Water

The occurrence of ground water and the
abundance of aquifers or water-bearing formations in the
region is related primarily to local geologic»conditions.

The relative abundance or scarcity of ground water is.

also related to climatic factors such as precipitation and
evaporation. Although the precipitation in Lakewood

ranges from medium to high and evaporation is low, in-
filtration and ground water storage are low in the crystalline
rocks and thin patches of glacial drift. Ground Qater
supplies generally are obtained from fractures in the bed-

rock or from sandy lenses in the glacial drift. Large
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fracture zones in the bedrock and large aquifers in the
drift are rare, and accordingly the area is not favorable

for developing extensive water supplies.(9)

In the glacial drift, as well as in the
bedrock, the direction of ground water movement locally
is toward the stream valleys but generally toward Lake
Superior. Well records indicate that relatively few water
supplies are obtained from the glacial drift and that the
lava flows are the best aquifers in the bedrock, although
the success of any well appears to be completely unpredidtable.
The thickness of the glacial deposits varies from 0-100
feet, and the yield of water from sand and gravel lenses is
only moderate because the drift is generally too thin and
discontinuous to provide adequate water supplies. Thus many
home owners have to get their water for domestic use out of
great depth from bedrock fractures. Drilling records from
Anderson Drilling Company, Duluth, show a well depth range
from 45 feet to 435 feet.

Map 11 gives a very general outline of the
ground water distribution in the unconsoliated glacial

deposits of Lakewood Township. It does not mean to indicate
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continuous water occurrence at the standard levels shown
but rather the likelihood of local occurrence at those
levels under proper conditions. In the eastern section of
the township, which is covered mostly by glacial lake
sediments, the water table is usually more than five feet
below the ground surface, whereas fhe water table in the
western part is generally closer to the surface, except on
the hills, of course, where the water table stands lower.
Typical depths to water table in the hilly parts of this
area could 1wt be gathered because only usable water,
which is water below 25 feet, is recorded (Anderson Well

Drilling, Duluth).

Complete chemical analyses of river water
and well water in Lakewood Township could not be obtained
for this report. However, water quality conditions of the
streams in Lakewood were measured by WLSSD in terms of
fecal coliform, ammonia, and dissolved oxygen content.

(15, p. 13-14) When compared to the standards for intra-
state waters, set by the Minnesota Pollution Control Agency,
the Lakewood water samples passed generally within tolerance
of permissible deviations. However, the fecal coliform

count (warm-blooded animal wastes in the water) throughout
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the year of 1975 was alarming, for almost half (45 percent)
of all samples taken dangerously exceeded the intrastate
water quality standards. These violations, recorded by the
Western Lake Superior Sanitary District, demonstrate
clearly that the marginal soil conditions in Lakewood make
septic system leaching fields a serious source of water

contamination.

Present Land Use,
Zoning and Transportation

Lakewood, at th present time, has a rural
character because more than 80 percent of its total area
is classified as undeveloped open space. Table 1 shows

the generalized existing land use of the township.
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TABLE 1 - LAND USE

Percent of

Mea Acres fotal =wen
Transportation 1,260 7.1
Agriculture 979 5.3
Residential - 299 2
Indﬁstrial ‘ 21 .1
Seasonal ' 10 | }l
Commercial 115 o7
Public or Semi-Public __loz )
Total Developed Area 2,791 15.9
Undeveloped Open Space 14,849 84
Water Area 20 1
Total Area 17,660 100.0

Source: Western Lake Superior Sanitary District;
Lakzwood Township, Inventory and Analysis,
1976.
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The largest percentage of developed land is
used for transportation, includiﬁg all of the roads. The
portion used for agriculture is in the central and northwest
sections of the township where the topography and soils are
suitable for such practice. Major concentrations of resi-
dential development are in the southwest corner and in the
Clifton area. Otherwise, homes are scattered all over the
township along the roads. The almost 15,000 acres of open
space are both cleared and forest land, most of which is in
private ownership (Atlas Plot Book, St. Louis County, South
Part, Minnesota 1976). Although this-land is not classified
as "agricultural", the unforested parts are used by the
farmers as grassland in that they contract the héy from
the owners. In general, all of this land (84 percent of

the township) is speculative land awaiting development.
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The transportation system in Lakewood
Township is sustained by three classes of roads in addition
to U.S. Highway 61. They are County and State Aid Highways
(CSAH), County Roads, and Township Roads. The most important
ones are the C3AH's, for this netwqu comprises the major
circulation routes within the township. The CSAH system
has more than 20 miles of bituminous driving surface.
The other roads are merely feeder routes to the CSAH
system and provide access to residential development. Map 14

illustrates the different roads.












Recommendations

Based on the collected data, the suitability
of the land for general development in Lakewood Township
has to be designated as critical because the soil/groundwater
conditions in extended areas are too sensitive. If the
rurél character of the township is to be preserved,
development should be allowed to occur oniy within en~
vironmental constraints such as soil types, hydrology,
forest areas, slope classes, and others. Table 2, for
example, shows the relationship between the different

slope classes and their practical limitations as to use.






For all construction projects, geological
and engineering advice should be used in evaluating the
capabilities and sensitivities of the land at a specific
construction site, Characteristics that need to be con-
sidered are bearing strength, plasticity, frost-heaving
potential, angle of slope, depth to water table, and flood
potential. In this context, natural drainage courses are
most important environmental resource units and deserve
a high degree of attention, for they constitute the
natural storm drain system of an area. Rivers and wetlands
should be allowed to remain in their natural state as much
as possible. Flooding could be a major problem if these
natural drainage systems are not integrated into the

overall development plans.

The engineering restrictions in areas of
possible high water table (less'than 5 ft from surface) are
considerable, especially with regard to the construction
of homes with basement and, even more importantly, septic
tank systems. The soil limitations in Lakewood Township
related to the use of septic tank systems (and landfills)
are probably the most severe. Failure of these systems is

common in areas with moderate to high soil limitations such
























