














































































































































































































































































































































































































































































































































































































































































































HYDROLOGY
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WATER QUALITY CROW WING RIVER
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KETTLE RIVER

Reconnaissance was made by canoe from Hwy. 73 to Hwy. 23 and from the
dam at Sandstone to St. Croix State Park just above the mouth on June 27, 28,
29 by a USGS observer.

The upper part of the river to the junction with the Moose River was
attractive, with many riffle areas and some rock exposures, but was not fully
navigable even at this stage. (The gage at Glaisby Brook read 3.30). Quite
often you have to wade. and drag the canoce. At the usual lower stage the trip
would require extensive portaging. The channel is as narrow as thirty feet in
some places. There is some tree fall but not so much that it is a hazard to
navigation. Quite a few points of reasonable access exist at the bridges. Rapids
and white-water areas continue to Hwy. 23 above Sandstone where the hand-painted
gage read 25. The area at Banning where there is a narrow chute in the sandstone
was not taken for it is generally not navigable at that stage. It should be left
to experienced canoceists only when there is enough water to pass it, generally
in the spring. Many lives have been lost in this area for the water in the
spring when high and passable is cold and renders the swamped canoeist helpless
in minutes. A ledge with undertow also has trapped many.

Access below the dam at Sandstone is good. From here down, the river is
wide, often to 200 feet, some pools are over 20 feet deep, and there are many
riffle and rapid areas that were, for the most part, navigable at this stage.

(The gage at the dam read 870.4 feet). The last part of the river, that below
Hwy. 48, where the gradient steepens is very appealing with a series of white-
water rapids. One may disembark at Kennedy Brook in the state park where there

is automobile access. Fine camping and supply facilities in the park are about

10 miles from this point. TFor a longer trip one may continue to the junction with
the St. Croix and down the St. Croix to one of the access points along it.

The banks along the Kettle are quite variable and interesting. In the upper
reaches, phyllite rock (see photo) and diabase trap rock outcrops can be seen.
Where the river flows through a moraine area the banks are gravel, locally contain-
ing large boulders. Below this, banks may vary from low and grassy, to high,
steep, and sandy. Below the dam at Sandstone many striking outcrops of sandstone can
be observed as steep, even undercut, banks. Above Hwy. 48 gravelly low banks pre-
dominate but at.the state park, basement rock again forms steep cliffs, the most
impressive being the diabase rock cliffs at the "Scenic Vista" in the park trail.
Occasional conifers grow along the banks, more so in the upper reaches and the
park, but hardwoods predominate, mainly maple, oak, ash and some birch. Downstream
silver maple predominates.

The color of the water is amber, and even the foam at the rapids has some
yellow tint to it. Some filamentous algae was growing on the rocks but over the
river as a whole the algae was sparse. Some lemna (duckweed) was floating in the
upper reaches but most of it was believed to have come, K from Moose ILake and similar
areas. The bottom is mostly sand to gravel and relatively clean. Numerous ducks
and their young were observed, also a few deer near the park.

Several fishermen were encountered on the trip but none had any catch. The
Kettle is a river of considerable beauty and some variability in scenery. The
areas above Sandstone are generally difficult to navigate unless the water is high.
The Banning rapids are used by some but not recommended. They are dangerous when
high water mekes them navigable and generally cannot be run at lower stages. Be-
low Sandstone the river is large and the trip slow but in places quite attractive.
Below Hwy. 48 to the St. Croix it is particularly attractive with many areas of
white water and rapids with standing waves of a foot or more. The condition of
these rapids can be observed from the "Scenlc Vista" and "Big Eddy'" areas of the
park. The lower reach of the river is a very exciting and beautiful trip for the
canoeist and also has potential with very little clearing for a family hiking
trail mostly within already established park boundaries. Further study on the
navigability, changeability and safety of the stream are recommended. The river
is within easy reach of Twin City residents but promotion should be with caution
as parts of the river though very attractive are not safe for the average canoeist.
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GEOLOGY KETTLE RIVER

The Kettle River during glacial time, served as an outlet
for Glacial Iake St. Louis. The large volumes of water that
flowed from the lake cut the steep cliffs of Hinckley Sandstone
that are characteristic of the river. The photo shows an
exposure of Hinckley Sandstone L miles upstream from the Highway 23
bridge. This sculptured mass of stone was eroded to its present
shape by the discharging floodwaters of Glacial Leke St. Louis.

Resistant beds of cemented sand in the Hinckley Sandstone
form rapids and falls in the upper part of the river, particularly
just below the Highway 23 crossing. Upstream from Rutledge, the
Kettle flows on glacial drift. The banks are generally low and
show sections of till deposited from ice that moved southwest out
of the Lake Superior basin.

Below Rutledge, however, the Kettle flows largely on the
Hinckley Sandstone except for two short reaches below Hinckley and
the lower 5 miles through St. Croix State Park.

In these latter reaches, the river flows through ancient
deposits of copper-bearing "trap" rock and conglomerate. The
rock is decomposed diabase of a dull red or dark rusty color.
Some chlorite and veins of calcite are present. The calcite
occurs in Joints, at places up to 10 feet in length. Copper
claims were once staked in this area and free copper nuggets may
still be found.

Downcutting of the river bed is slowed by this diabase rock
and as a result, the gradient of the channel 1s abruptly steepened
where the deposits are first crossed. This steep gradient, in
part a result of downcutting by the St. Croix River, continues to
the mouth of the Kettle. The upper change in slope at mile 28
results from resistant beds in the Hinckley Sandstone.
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HYDROLOGY KETTLE RIVER
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WATER QUALITY KETTLE RIVER

DOWNSTREAM VARIATION IN QUALITY
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LITTLE FORK RIVER

Reconnaissance by canoe was made July 12, 13, 1k and 15, 1966
between Linden Grove and the mouth by U.S.G.S. observers.

Many riffles and rapids form long, easily navigable pools above
Little Fork. The riffles or rapids could be quite dangerous even in
low water because they are fast and have very deep pools below them.
Many of the rapids are formed by bedrock outcrops. Four of the rapids
should be portaged even in low water. The till which overlies the
bedrock is also exposed in many of the sloughs. Width varies from 4O
to 125 feet.

The portion btelow Little Fork is navigable except at very low
stage. There are no riffles in this reach. The river averages 160
feet wide.

Banks ranged from 2 to 10 feet high. Most are till except where
bedrock has been exposed. Approximately 3 percent of the banks are
open, ungrazed, and grazed meadows whichk make excellent camping sites.
The forest contains poplar, maple, elm, and oak hardwoods and pine and
spruce, The banks along the forested areas are heavy with undergrowth.

The several abandoned farms could be developed inte excellent
parks and/or camping areas without destroying the wilderness environment
or overdeveloping the area. Other camping areas are available along
the river, but good ones are not spaced within a days canoceing.

There was no foam or evidence of pcllution. The color is amber,
typical of the northern Minnesota streams., Water temperature averaged
80 degrees fahrepheit. The bottom material is generally silt or clay,
except in the riffles, where it is rock.

Ducks and deer were seen.

Access, generally steep, weedy or brushy, is limited, but is
sufficient for a two-day canoe trip.

The river is in high guality wilderness environment above Little

Fork. It should be studied in more detail, so that it could be more
completely assessed as to safety, desirability, and development needs.
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GEOLOGY LITTLE FORK RIVER

The headwaters of the Iittle Fork River lie along the highest beaches of Glacial
Lake Agassiz. Occupying a position in the northeast part of this ancient lake basin,
the river flows northwest and north, largely on lake-washed glacial till. The valley
is generally cut only a few feet below the surrounding area and rapid downcutting is
prevented by numerous bedrock ledges. The river follows a gently meandering course
throughout most of its length, but from mile 35 downstream to Iittle Fork, it has
-developed very sinuous meanders, (probably from low slope or initial irregularities
in the surface of the glacial drift). The river gradient is controlled by granite

underlying each drop as shown on the profile and finally by the Rainy River to which
the last 15 miles are smoothly graded.

The banks are commonly light and dark gray glacial till, a
mixture of clay, silt, sand, and gravel, except locally where the
“ bedrock is exposed. Granite bedrock exposures are frequent, but
the largest are about 3 miles downstream from Highway T3, and at
about mile 75. Here a striking rock ledge crosses the river re-
sulting in a 5-foot drop. The granite gneiss and schist exposed
is typical of the underlying ancient rocks. The photograph shows

another exposure of the granite gneiss at mile 62 where the river
drops 3 feet in an exciting rapids.

The last large exposure of
bedrock is at mile 23.

The clay till banks are resistant to erosion, but high stages
in the spring when the river is full of ice, scour the channel and

result, locally, in striking exposures of glacial deposits. Good
examples are near mile 90.

Surficial Geologic Map
(after Leverett, 1932)
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GEOLOGY MINNESOTA RIVER |

The Minnesota River valley lies in a
depression in the bedrock surface that existed
prior to glaciation. Through most of the reacn
the Minnesota River flows on alluvial sand and
gravel that rests on sandstone and shale of
Cretaceocus age. At Mankato the direction of
flow changes more than 90 degrees as 1t en-
counters the northeast down the dip slope of
the older Cambrian rocks into the Twin City
basin, a roughly saucer shapped structure of
rock layers which has the Twin Cities as its
center.

This bedrock low, a lopsided V with Big
Stone Iake at the left, Mankato at the center,
and the Twin Cities at the right, has controlled
both drainage and glacial ice movements for
thousands of years.

The Minnesota River must have followed
this course long before the advance of glacial
ice pushed it southward out of its channel.
This glacial ice was the huge Des Moines Iobe that
advanced from the plains of Manitoba as far
south as central Iowa about 14,000 years ago.
The till it deposited was largely clay with a
few limestone pebbles with relatively little
course permeable gravel.

Surficial Geologic Map
(after Leverett, 1932)
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GEOLOGY - MINNESOTA RIVER I

Surficial Geologic Map
(after Leverett, 1932)

W As the glacier retreated, the ancient Minnesota
T valley was opened once more to carrying water. During
the retreat of the ice, the Glacial Lake Agassiz formed
in what is now the Red River Valley, its outlet was
through Big Stone Lake and down the Minnesota Valley
to 8t. Paul and thence down the Mississippi. The depth
amd width of the Minnesota Valley is primarily a result
of erosion caused by the drainage from Glacial ILeke
Agassiz. The valley was cut to its maximum depth during
glacial times, and was adjusted in size and gradient to
carry the drainage of Glacial Iake Agassiz. These
glacial events had a great effect on recreational quali-
ties of the present day river. Since the lake drained,
the river is not competent to carry the sediment brought
in by tributary streams, hence it has deposited this
sediment and slowly filled its valley with about 50 feet
of alluvium. The river meanders extensively in this
flat floor of generally featureless bedded silt and sand.
The i1l is largely fine grained and poorly drained so
that vegetation is dominantly deciduous trees. These
trees restrict the view to the channel corridor so that
little of the grandeur of the valley is visible from a
canoe. Because the fill is also fertile, the valley is
extensively farmed and little of the valley retains any
aspect of wilderness.

The silt and sand are constantly being shifted downstream by erosion
on the outside and bottom of meander bends. The resulting load causes
the water to be turbid even during periods of low flow.

The glacial deposits in the Minnesota Valley are clay till of the Des Moines Iobe.
as previously noted. This till is relatively impermeable; it transmits water very slowly
from high areas to low areas. As a result, the groundwater discharge through summer flow
(since summer flow is largely from groundwater discharge), high temperature water, and
water low is dissolved mineral matter. Further, as so little water runs into the ground-
water reservoir, most precipitation runs over the surface and discharges to streams as
overland flow. The rate of movement of water over the surface is rapid. It reaches
tributary streams soon after precipitation starts; it runs rapidly down the steep tri-
butary valleys that drop into the deeply eroded Minnesota River; and it causes rapid
increases in flow in the Minnesota.

Thus, the Minnesota is a very "flashy" stream; a series of nearly stagnant muddy
pools in late summer, a roaring muddy torrent after heavy rains.

The most scenic reaches are near Granite Falls where granite bedrock is exposed
in the valley. The rock is extensively queried for buildings and monuments and is
considered one of the finest in the world. It is Precambrian in age, about 1.1 billion
years old.
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WATER QUALITY MINNESOTA RIVER
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UPPER MISSISSIPPI RIVER

Reconnaissance by canoe was made August 31 and Septerber 1, 1966
between tl

the source, Lake Itasca, and Lake Winnibigoshish by U.S.G.S.
observers,

Bxcept Tor a short time in the spring of the year, there probably
would rot be sufricient water in the river above Zemidji for easy
navigation. ree fall and merch-plant growth are a problem in this
reach. With moderate use, most of the tree fall could be cleared &n
perhaps a channel opened through the marsh growth. The shallow rilf
would still require wading much of the sumrer season. The beaver dams
vhich were found usually had an opening through which the cance could
float. RBelow Bemidji the river is navigable. There are several dams
wvhich have to be portaged.

The setting of the river is very much a wilderness. Approximately
70 vercent of the distance, the river flows through marsh. There is
enouzn forest mixed in with the reaches of marsh so that gocd camping

ites are not more than six hours of canoceing apart. The banks are
usually sandy and the forests of a mixed type. The river varies from
20 to 200 feet in width and -the banks from O to 10 feet high.

3

The weter is exceptionally clear and clean arnd oot until the
influvence of civilization at Bemidjl is reached is its aesthetic appeal
destroyed. The water temperature averaged about 70 degrees fahrernheit.
The predominent bottom material was sand or cobbles.

b

i

s

¥any ducks, one deer and muskrat were seen. According to local
residents, the beaver population has been elimineted by trapping.

There are a few, but adequate accesses to the river spaced within
a half a day's caroeing of each other.
Because of the river's importance in the history of America arnd

eca
its wilderress character, it is worthy of further study and developmeat.
The navigability is a limiting factor.
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GEOLOGY MISSISSIPPI RIVER |

Surficial Geologic Map
(after Leverett, 1932)
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GEOLOGY _ MISSISSIPPI RIVER I

The Mississippi River heads in Iake Itasca, a
small ice block lake in the ground moraines deposit of
Des Moines Iobe ice. The river then flows north be-
tween parts of the moraine to the broad southeast trend-
ing outwash plain containing the large lakes of Bemidji,
Cass and Winnibigoshish. The river flows southeast back
through a break in the same ground moraine in which it
started and continues east into ground moraine in which
Pokegama Iake is situated. From Grand Rapids south it
meanders over a series of glacial lake sand and clay
deposits to Aitkin.

Recent studies suggest that the control for the river
in the reach from Grand Rapids to Aitkin is the altitude
of the Precambrian granite bedrock. The river consistently
follows the low areas of bedrock, even though this rock
is mantled with a thick deposit of glacial deposits.

I 2

Generally the sides of the channel are marsh.
Where banks are exposed in the upper part of the
Mississippi they are largely silt and sand. Precambrian
Pokegama quartzite was exposed in Pokegama rapids just
above Grand Rapids, but is now flooded out by the dam
at Grand Rapids.

Surficial Geologic Map
(after Leverett, 1932)
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WATER QUALITY MISSISSIPPI RIVER

RANGE OF GONGENTRATION OF MAJOR IONS
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CROW RIVER

Reconnaissance by canoe was made August 24 and 25, 1966 between State High-
way #25 and the mouth, by U.S.G.S. observers.

Navigation was satisfactory but stage was above the summer average. Many
riffles were crossed. Tree fall was present but did not hamper navigation.
Fences were.a problem and a hazard in the portion of the river above Rockford,
where the stream width varied from 20 to 100 ft. Below Rockford, the stream
varied from 75 to 175 ft in width. There are no dangerous stretches of fast water.
The two dams have to be portaged and their approaches should be marked.

The stream flows through an agricultural setting with only one marsh area
approaching wilderness. The banks are generally lined with a hardwood forest
for 20 to 50 ft back from the river where there i1s usually cultivated farmland.
There are some conifers along the river. Many of the grazed pastures present
would make good camping spots. The banks are usually very brushy and weedy,
except where grazed,and are elther a till or sandy loam. In many places live-
stock have destroyed all grass vegetation on them. Trash piles were found at
elght sites along the river.

The water was very turbid throughout the rivers length, in part due to active
feeding of carp. Some foam was on the surface of the water. Bottom material
was clay to sand. The temperature was 66OF.

The only wildlife observed was two herons and a few ducks. In several places
beaver and muskrat signs were noted.

Accéss is avallable in a sufficient number of places but many need improvement
as they are weedy, fenced or have very steep banks. There is one park at about
mile 15. The old mill and dam at Benning Mill is quite interesting. A wooden fly

wheel and two wooden drive pulleys are yet in excellent condition.

The river is a canoeable river; but it's aesthetic appeal is very low. It
is not recommended for further study or development and is recommended only for

local use.
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GEOLOGY CROW RIVER

The Crow River flows through a complex segment of
terminal moraines formed by the Grantsburg Sublobe of
the Des Moines ILobe ice. Generally, from the junction
of the North and South Forks, it flows on ground moraine
between two terminal moraines. From Rockford downstream,
it flows on recently deposited alluvial sediments.

Bank exposures are uniform glacial till throughout
the canoceable reach of the river. Upstream there is only
slight variation. The upper part of the North Fork flows
through glacial lake clay deposits between Forest City and
Kingston. Upstream from Forest City it traverses a large
swanmp deposit for several miles. The South Fork traverses
ground moraine for most of its length. The uniformity of
the rock units is reflected in the character of the valley.
The gradient of the stream is almost completely uniform for
95 miles. Further, the width increases very gradually from
50 feet in the upper reaches to about 100 feet in the lower.

Surficial Geologic Map
(after Leverett, 1932)
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OTTER TAIL RIVER

Reconnaissance by canoe was made June 7, 8, 9 and 10, 1966 between
Frazee and the mouth by U.S.G.S. observers,

Dams and low bridges or fences were the only portages on the river.
Approaches to the dams should be marked. The open water of the lakes
and one stretch of fast water below the large dam above Fergus Falls
are potential danger areas.

The bank vegetation is about 50 percent hardwood forest and 50
percent marsh. Very good camping areas are well spaced. The setting
through which the river flows is one of agriculture and summer home
development and has no wilderness aesthetic value. The banks above
Fergus Falls are mostly sandy. Those below Fergus Falls are mostly clay.

The water was very clear. The bottom is predominantly sand and
gravel. The average temperature was 65 degrees fahrenheit. Below
Fergus Falls the river is pclluted. Trash dumps and tree fall are
numerous in this reach.

Ducks were the only wildlife seen.

There are numerous easy accessesS.

The stream has statewide recreational value, but it does not offer
the high wilderness value.
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GEOLOGY OTTERTAIL RIVER

More than 36,000 years ago, the Wadena glacial ice
Tobe moved into the area of the Otter Tail River from the
northeast and reached its maximum extent in west-central
Otter Tail and Becker Counties. At this point, large hills
of glacial till were deposited. When the glacier retreated
from the area, very large amounts of sand and gravel were
washed out in front of the glacier and deposited as an outwash
plain over many square miles in central Otter Tail County.

The Otter Tail River flows through this outwash plain from
its source to several miles below Otter Tail Take, over half
the total length of the river. The river's depth, maintained
by the ideal ground-water storage capabilities of the sand and
the sand bottom itself, make this reach of the Otter Tail River
one of the finest, clear water canceing streams in the state.

From the edge of the outwash plain near Otter Tail Lake
to Orwell Reservoir, downstream from Fergus Falls, the river
flows through an area of glacial till with occasional areas of
sand.

From Orwell Dam to its junction with the Red River of the
North at Breckenridge, the river flows over the bed of Glacial
Teke Agassiz, which occupied the Red River lowland about 9,000
years ago. The Glacial Leke Agassiz plain is transected in this
reach of the river. Flow is from the sandy shoreward phase of
deposits on the eastern side of the plain to the clayey, deep
water phase as the stream approaches the Red River.

2

Surficial Geologic Map
(after Leverett, 1932)
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PINE RIVER

Reconnaissance was made from the town of Pine River to the last
bridge above the confluence with the Mississippi Rivér, June 15, 16,
and 17, 1966 by U.5.G.S. observers.

The stream was generally attractive but shallow. The upper reach
from Pine River to Whitefish Lake had very appealing, clear water and
some attractive pine woods, but mostly dense underbrush growing down to
the waterline. The last mile had deeper water, more attractive shoreline,
and some campsites. Whitefish Lake is very attractive and the islands
offer numerous good campgrounds. There are also good campgrounds on
the mainland in many places where cabin development has not yet taken
place. The island on which we camped was an esker and had a tern rookery
on the northeast end. Channels for motorboats are marked between lakes;
cabin development is moderate to heavy. Most of the motorboats are large
including some cabin cruisers. A campground, picnic-ground, and park
adjacent to the Cross Lake dam is maintained by the Corps of Engineers.
The policy is to maintain lake level regardless of flow in the stream,
therefore the flow in the stream from the dam to Pine Lake may be very
irregular. Anyone before making the trip should check to see if water
is to be let through or if the gatemaster can be persuaded to let enough
water through to make the trip. The survey trip below Cross Lake was
made with one gate five percent open. In general, the upper part of the
trip was marginal on water, although adequate. Gage reading on Norway
Lake was 4.5 feet. The gate was closed, but leaking about 20 cubic feet
per second. On the outside of the meander bends there is plenty of water,
but in crossing from meander to meander, the water is shallow and in
some places we had to get out and wade with the canoe. Because the water
is so clear and the bottom generally clean sand and gravel, this is
pleasant. Rupids, riffles, and adjacent banks in the reach from the dam
to Pine Lake are very attractive. The bottom is clean, the algae is
interesting and attractive, especially some dense, branching, "beavertail"
algae.

Below Pine Lake the river is significantly larger. It is uniformly
deep with no rapids, and a sand bottom. The current is relatively fast,
although not readily apparent because there are no irregularities on the
bottom. With the dam open, navigability from the dam downstream seems
adequate and makes a very good trip.

Beautiful Norway pine grow in some areas along the high banks on the
outside of the meander bends. Jack pine is also plentiful. A large
number of wildfowl were seen in the lower reaches of the Pine. Porcupine,
deer, beaver, and muskrats were seen in the upper reach above Pine Lake.

Accessibility is more than adequate. Access at Pine City and Cross
Lake Dam is all that is needed for even a one day trip. An additional
access is on Pine Lake. Access points along the river have resulted in
critical deterioration of the banks. These access points should be
modified to reduce bank damage or should be closed.

Fishing is reported good locally, but the greatest attraction is
the canoeing in the fast water reaches and the scenery in the Red pine
lined banks below Pine Lake.

The river is an excellent one for a short trip or a two day trip
including the lakes, but suffers from two major problems: The volume
of flow is inadequate the entire length unless water is released from
the dams; and the sandbanks are very fragile and significant use might
quickly destroy the quality of the river not only by unsightly erosion,
but also by increased bedload of the stream from the bank erosion
resulting in comstructional sandbars in the river. Solutions for these
two obvious problems should be found before any increased use of the
river is considered.

224




GEOLOGY PINE RIVER

Surficial Geologic Map
(after Leverett, 1932)

The Pine River flows on glacial deposits throughout its entire length. Bedrock
is deeply buried in the area. The course of the Pine is determined in part, by a
complex system of glacial moraines and, in part, by the position of the numerous lakes
through which it flows. '

The moraines are a part of the St. Croix moraine formed by the Superior Lobe
advance and, particularly in the eastern border of the Pine River, by the Mille Tacs
Moraine, formed by a later re-advance of the Superior ILobe ice.

In the reach from Pine River to Whitefish Lake, the Pine River flows through
a terminal moraine which lies just downstream from the Northern Pacific bridge.
Because of the effect of the moraine the river bed here contains numerous large
boulders and there are numerous rapids interrupted by short pools. The drop here
is about 6 feet per mile compared to 1.5 feet per mile in the lower reach of the
Pine. The steep banks are glacial till containing some large boulders, sand and
gravel.

Below the moraine for most of the river's length, the bank material is outwash
sand and gravel. The only steep section of the river through the outwash material
is below the dam at Cross Iake where the river drops from the lip of Whitefish Iake
at 1,230 feet altitude to Pine Iske at 1,195 feet in less than 3 miles.

Exposures of outwash are particularly good below Pine Iake where high sand
banks support a mature stand of Red Pine. These banks are very fragile and climbing
them even one time may produce longterm erosion damage. At several access points,
wooden steps have been constructed to minimize erosion; however, the sand is so well
sorted that it erodes badly beside the steps and under them. The stream bottom is
exceptionally attractive because it is clean washed sand, and, in part, because of
this the water is exceptionally free of sediment.

The numerous large lakes were formed by melting of blocks of ice that were in-
cluded in the outwash deposits. The lakes are generally 20 to 4O feet deep and the
islands they contain are thick outwash deposits. The first island reached in White-
fish Iake, paddling east from the outlet of the Pine River, is an "esker" remnant,

a steep sided narrow ridge composed of sand, gravel and boulders, which was Tformed
by deposition of sand and gravel in tunnels under glacial ice.
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HYDROLOGY
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GEOLOGY

Surficial Geologic Map
(after Leverett, 1932)

The Rainy River that forms a part of the boundary
between Minnesota and Ontario, Canada flows through a
channel cut into the lake clays of Glacial Take Agassiz.
From Rainy Iake to Ft. Francis, the river flows through
light colored sandy lake clay. The banks are about 10
feet in height. The "falls" area is underlain by granite
and gneissoid granite. The photograph shows an exposure
on the Canadian shore.

Through the falls, the river drops just over 20
feet and as the surrounding area is very flat, the banks
increase in height to about 30 feet. To the Long Sault
Rapids, the river flows dominately through featureless
lake clay. At the rapids, hornblende schist, a dark gray
foiiated rock is exposed from about one-fourth mile above
the rapids to near their foot. Here the schist is in
contact with reddish granite gneiss. These are rocks of
Kewatin Age and are related to similar exposures in the
Big Fork and Iittle Fork Rivers.

The Rainy River is uniformly 200 to 300 feet in
width. The banks are fairly uniform and high, and the
meanders not well developed. This uniformity results
from the large area of glaciated lake basin that contri-
butes sustained moderate flows to the river, and the
homogeneous lake clay and silt through which the river
flows.
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RED LAKE RIVER

Reconnaissance of the Red Lake River throughout its entire 196 mile length
from the outlet of Red Lake to East Grand Forks, Minnesota was made July 19-23,
1966 by USGS observers. This long, variable river is generally navigable through-
out, with portage around two large dams, one welir, one washed out dam. Some rapids
require walking at lower stages. The gage height at Red Lake outlet dam tailwater
staff gage was 6.62, the gage at High Ianding also read 6.62 corresponding to dis-
charge of 1,000 cubic feet per second. If one starts at one of the access points
on the lake itself then portage of some equipment is necessary at the Red Ieke
control dam though a loaded canoe may be easily roped over the dam.

The reach above the weir at mile 174 (21l mileages above mouth) is very
interesting and unique among Minnesota's rivers. It passes through swamp area,
very open, not closed-in by the usual corridor of large trees. Other than the
swamp grasses and bull rushes only scrub willows are seen. The area is rich in
birdlife. The bottom can be seen through five feet of the clear water. There is
a slight gray-green cast to the water; none of the deep amber color that is
encountered in northern bog rivers is present. Iarge aquatic plants abound.
Algae such as lemna are abundant, but no large unactractive scum algae "blooms'" were
seen. Very large water lilies were also seen. The bottém is gray to gray-green silt
to fine sand and contains many small shells. This area is picturesque, unchanged
by man, and should prove very fascinating to photographers, naturalists, ecologists,
and nature lovers. There are no camping possibilities within this stretch. At the
welr there is an access road, portage over cobbles, and a sign "Fishermen must have
guide".

The river in the reach below the welr is considerably different from that above,
no swamps, two feet high, grass covered, stable, banks with willows, and small scrub
trees. Trees are sparse and small with some poplar and elm on high ground back from
the river. Some sweet clover and yellow flowers also occur along the banks. Channel
width is very constant, about 75 feet. Bottom material becomes coarser, in some
places mainly course gravel and shells. In the reach near High Landing vegetation
is more attractive, larger trees, and the banks are lower than upstream. The meanders
are more prevelent, with no evidence of dredging, generally the river now has more
of a wilderness look. Color of the water is very green though still quite clear
(turbidity only 10 JTU). Width below here exceeds 100 feet and depth is usually
over six feet, with gravel bottom. Beltween High ILanding and Thief River Falls farms,
some of which are very attractive, are more numerous. The town of Thief River Falls
is exceptional in its riparian beauty. The shoreline, stabilized by the dam control,
is often the terminous of well manicured back yards. There are very attractive public
access and boat launching facilities in the city park areas. The portage at the dam
is short but high, steep, and difficult (see photo sheet). There are no facilities
provided for portaging; in fact the area from the bridge above the dam to the dam is
posted due to the danger of the high dam and overflow. Turbidity at this point has
doubled to 22 JTU, color is still a gray-green but floating debris and small solids
are prevelent below the dam. The banks immediately below are high and generally junky.
From Thief River Falls to St. Hilaire there are occasional rapids but otherwise the
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river is similar to that above Thief River Falls. From St. Hilaire downstream

to mile 80 the river is predominantly a series of one rapids after another, with
only short pools in between. They are, at the present stage, mostly navigable
and would probably remain so even at 50% reduction in stage. There are large
boulders in the river throughout its length and width in this stretch. Depth
through the rapids at this stage averages two feet and can be negotiated with
relative ease in a canoe. Below St. Hilaire wild celery is plentiful and some
pond weed grows. There has been considerable bank erosion and slump since and
during the flood of spring 1966. The abandoned dam at Red Iake Falls is both

an eyesore and hazard to navigation. Only a three foot drop remains but con-
struction is such that if you float over it you will drop into obstructions

below the lower water level causing serious damage to the craft utilized. Near
here can be seen high, almost vertical cliffs of till. Most of the channel is
cut through till leaving very picturesque steep till slopes. Some cottonwoods
grow on the lower reaches. The river passes to an area of clay deposits at

mile 79 where there are almost no boulders in the river and navigation is easy.
Bank navigation becomes thicker and severe bank slumping is common, reaching back
sometimes as far as 200 feet. The clay is very hard when dry but pliable when wet.

From 20 miles above Crookston to 25 miles below Crookston the river is an
occasionally shallow, moderately turbid (up to 98 JTU), and low in esthetic appeal.
The banks at the town of Crookston are littered with trash and debris. The banks are
often high and clayey, commonly with grazing land on the outside of meanders, heavily
covered with vegetation on the inside. There is evidence that the river follows paths
completely different from the present thalweg during time of flood and in some places
cuts significant channels which will, after several floods, radically change the
meander pattern of the river. Muddy banks detract from camping enjoyment.

In the lower reaches of the river great deposits of very large trees lie along
the outside bends. These are the trees that were torn from the eroded banks and
large slump areas upstream and carried down during the spring flood (see picture
sheet). At Crookston there is another dam around which portage must be made. The
slopes are steep and covered with loosely-piled, well-rounded boulders. This portage,
again, is not long but is steep, slow, and somewhat difficult. At East Grand Forks
there is another dam that is small with short, easy portage. This is only a mile or
so from the mouth of the river and exit can be made here or easier yet at the park
on the left bank behind the housing development at the upstream edge of the suburban
area.

The Red Lake River is interesting in its great variety from a wilderness swamp
region with long views and much wildlife, to its dull featureless dredged trench, to
the beauty of a town like Thief River Falls and the trash-laden Crookston banks. The
areas of repeated, lovely, and navigable rapids and high cliffs, +tc¢ the long placid
sameness of the lower 30 miles. It can be traveled most of the way by motor and small
craft, though the rapids area should be enjoyed by motorless canoce. Scientifically it
can be interesting throughout but general esthetic appeal is limited to the areas above
the weir and to the rapids and high cliffs reach from Thief River Falls to Huot. It
is a very long river, has limited access and camping areas but certain reaches are
worth further consideration for recreatinnal development of special appeal in a part
of the state where such attractions are uncommon.
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GEOLOGY RED

TFor its entire length, the Red Take River flows on the
ancient lake bed of (Glacial lake Agassiz, a lake once larger
than all of the present Great Iakes combined. In its upper
reaches, where the river flows through the Red Lake Indian
Reservation, it flows on a very flat floor of thin peat
deposits. Flowing slowly, almost due west, toward the
Jjunction with the Thief River, the channel is little
affected by geologic changes. However, west of the reser-
vation boundary there are few swamps. Here the banks are
dark clayey glacial till and occasional large sandbars.

The Thief River, a tributary of the Red Ieke River,
flows south parallel to a series of morainal hills that
were deposited by the Late Wisconsin Des Moines ice Lobe
moving south out of Canada into the Iake Agassiz basin.
Red Iake River and Thief River Jjoin at Thief River Falls
and flow south parallel to the moraines to St. Hillaire.
From here the valley swings west again and the Red Ilake
River flows through a spectacular canyon-like area. The
steep valley walls are hard, light gray till of the Des
Moines Lobe ice sheet, (see photograph), and stand as
nearly vertical cliffs up to 100 feet in height. The
steep drop to the ancient shore of a shallow stage of
Lake Agassiz results in almost continuous rapids to
Huot. Here the river banks change abruptly to low,
dark silty clay, bottom sediments of Lake Agassiz.

The uniform mud bank channel varies little in
appearance across these lake sediments to the mouth
of the river at Grand Forks. Severe erosion of these
clay banks by recent floods is evident. In many places,
several hundred yards of bank as much as an eighth of
a mile from the river has been recently eroded. This
lake clay material is not easily protected from severe
water erosion and channel migration is a severe problem.
These banks tend to be poor campsites as the clay holds
large quantities of water and during rainy periods turn
into a sea of mud.

Surficial Geologic Map
(after Leverett, 1932)
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WATER QUALITY
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ROOT RIVER

Reconnaissance by canoe was made June 4 and 5, 1966 between Highway
52 below Chatfield and Houston by U.S.G.S. observers.

Low discharge is the main navigation problem. Fences also present
some danger. In the section near Houston, it is littered with debris
from the spring flood. The stream consists mainly of pools and riffles
with the pocls sometimes being one fourth mile long.

The banks are alternately high and low as the stream meanders
through its valley. The higher banks sometimes reach an estimated height
of 75 feet where the river flows along the valley wall. Here may be
seen many samples of the sandstome and limestone bedrock of the area.

The higher banks do have some conifers on them, but mostly the banks are
covered with open hardwood forest. Many very good camping spots are
available, however, the best sites are grazed pasture. Some bank erosion
is taking place. The banks are composed mostly of silt and sand. The
stream width ranged from 40 to 150 feet. The river has an agricultural
setting with very little wilderness character,

Suspended sediment gives the water a brown or gray appearance. It
shows little evidence of pollution. The temperature averaged about 69
degrees fahrenheit. Aesthetic values are not very high, but if one does
not desire a wilderness environment, the stream is quite pleasant to cance.

Ducks were the only wildlife observed.

Accesses are pnumerous, but few are convenient for canoe launching.

The stream has the limiting factor of too little flow most of the
time, but it could be of value as a local-use stream.
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GEOLOGY ROOT RIVER

During Iate Glacial time, torrents of
water flowed down the Minnesota River from
the outlet of Glacial Lake Agassiz to St.
Paul and thence down the Mississippi. The
erosive force of the water carved a deep
valley for the Mississippi River far below o
the level of the surrounding area. The
Root River is one of the tributaries that
downcut its valley to match the downcutting
of the Mississippi. The steep profile of
the river results in many falls and fast
water.

The Root River, having cut through
whatever glacial drift once covered the
area, now flows across Paleozoic bedrock
consisting of alternating beds of sandstone
and limestone. The upper valley is in the
Platteville ILimestone, where it is very
narrow. Downstream from Chatfield the
river has cut into the underlying St. Peter
Sandstone. Raplds are formed at the contact
and other rapids occur downstream as the
Root flows successively across the Shakopee
Dolomite, Jordan Sandstone, and St. Lawrence
Formation. Early mills were built at these
contacts where rapids occur and towns such
as Chatfield developed around them. Where
the valley walls are limestone, the valley
is narrow; where sandstone, the valley is
wide. The first evidence of a change from
limestone to sandstone is a fall or rapid.
Scenic limestone cliffs more than 100 feet
high form the walls of the valley downstream
10 miles from Chatfield. The entire lower
section of the river below Peterson flows
through the Franconia Sandstone with limestone
cliffs of the St. lawrence Formation rising
above the valley floor.

Surficial Geclogic Map
(after Leverett, 1932)
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HYDROLOGY
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RUM RIVER

Reconnaissance of the entire length of the Rum River from Lake
Onamia outlet to Anoka was made July 14, 15, 16, 1965 and June 7, 8,
10, 11, 1966 by U.S.G.S. observers. The reach from the source to
Princeton is generally not navigable, being a series of pools and
riffles which must be portaged or waded. In some areas the tree fall
is nearly inpenetrable without a saw. From Princeton to Cambridge the
river is deep enough for small craft travel although there are again
some areas of tree fall and log and debris jams that present problems.
Before the river swings south toward Cambridge the banks are low and
connect with backwater areas most of the year so that it is difficult
at times to follow the true channel. Use of the available topographic
maps and careful observation of the slow flow will prevent the user
from becoming lost.

The reach from the bend to the south above Cambridge to St. Francis,
with the exception of the washed-out dam at Cambridge is navigable and
a pleasant trip. The remains of the dam at Cambridge may be passed over
or may require walking boat over depending on stage. It does not require
bank portage.

There is another washed-out dam at St. Francis, erroneously shown as
"s8till intact on the topographic maps. Portage should be made here.
The chute left of the center island is sometimes passable but hidden
rock just below the drop can cause damage to the craft. From St. Francis
to mile 12 there are several areas of rapids that would require wading
at lower stages. TFrom mile 12 to Anoka the river is wide, deep, and
placid.

The banks throughout the reach from Princeton to the Anoka are
sandy to muddy, a foot to many feet high, and often grassy. On the
outside of some bends the banks are very high sandy cliffs often topped
with conifers, while the opposite, depositing, banks are low flat and
willow covered.

Silver maple forests predominate the river corridor. There is
some riparian farmland, mostly pastures and grazed woods, along the last
half of the reach, that more often than not enhance the beauty of the
area.

Good camping sights are limited but available enough to enable
use of the river for overnight trips. The area abounds with ducks
and many heron were observed on the reconnaissance trip. Muskrats
and evidence of beaver were also noted in the upper reach.

Good access points on the river are quite limited. Two parks, one
at Princeton and one at Cambridge, provide both easy access and camping
grounds. There is a municipal parking lot at Princeton near the park
access where a car may be left. A restaurant is adjacent to the park.
At Cambridge ordinances provide that cars may be left for over 23 hours
with permission only in the city lot, 3/t mile from the river. Camping
Facilities are excellent here. There is also good access on the right
bank just at the outskirts of Anoka.

The water has mild amber to muddy-brown color and generally the
turbidity is less than 40 JTU. It.is a warm river, the temperature
having exceeded 80°F 19 days in the summer of 1966. Iimited amounts
of algae were noted.

The forest in the lower reach is generally different than that
in the Cambridge area. There is more open space, larger trees, more
hardwoods, and large willow. Some areas of pine and cedar exist
in the lower reach.

The river's potential as a recreational river is somewhat limited
but considering 1t's proximity to the large population density of the
Twin Cities it can be of high value for week-end or afternoon canoeing
and boating. It is worthy of some development consideration and
especially, protection. 245



GEOLOGY RUM RIVER

The headwaters of the Rum River 1s Lake Mille lac,
formed by the terminal moraine of ILate Wisconsin ice moving
southwestward out of the ILake Superior basin. The lake
drains south over a low section of the moraine, where the
Rum flows through two small lakes in the moraine before 1t
starts its normal channel 140 miles above Anoka. Retween
Onamia and Bradbury Brook, there are three stretches where
granitic bedrock is exposed in the channel. Syenite,
hornblende, greenstone, and granite gneiss are also found
in these exposures. Bach of these bedrock ledges causes
’ >4 a small rapids or chute. Just a mile below Bradbury Brook

Sy is the last exposure of rock to be seen in the entire reach
@ g of the river.

-~ Downstream, to near Princeton, the Rum flows on ground
T moraine of & middle Wisconsin advance of the Iake Superior
; e /V ice ILobe. The reddish till is well exposed on steep banks.
‘ Although the gradient is relatively steep, the river flows
: in a succession of evenly spaced pools and riffles. The
o K\\ riffles are formed by gravel accumulations weathered out
\ of the +ill.
|,

Near Princeton, the Rum flows onto the edge of the
v Anoka Sand Plain, a large area of glacial ocutwash formed
‘f}ii by latteral shifts of the channel of the Mississippi River
during late Wisconsin time. Downstream to St. Francis, the
sandy and silty beds of the sand plain are exposed in the

q
banks.

2 At St. Francis, the Rum crosses
-t 0 onto glacial till deposits again and
a series of rapids mark this transition.
To Cedar Creek, the river flows al-
ternately on till and sand plain at
a steep gradient. From Cedar Creek
to Ancka, it flows across gravel out-
wash deposits at a lower gradient.
Through this reach, the river is
deeply entrenched and bordered by
very high sand and gravel banks. In
places, these sand banks are badly
eroded by man's use. They are, however,
spectacularly scenic in places and where
natural vegetation is growing, are
relatively stable. The water clears
slightly through this reach because of
the sand banks.

Surficial Geologic Map
(after Leverett, 1932)
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HYDROLOGY
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WATER QUALITY
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SNAKE RIVER

Reconnaissance by canoce was made August 7 and 8, 1966 between
Highway 65 above Mora and the mouth by U.S.G.S. observers.

The river consists of an upper reach with a moderate gradient and
a lower one with a steep gradient. River discharge is, therefore, more
critical in the lower section than in the upper one. The lower reach,
below Pine City, may be dangerous to the inexperienced canoeist during
periods of high flows. The upper reach of the river is mainly a marsh
type stream while the lower section is of a pool and riffle nature.

The river has an agricultural and woodland setting. There is
also much summer home development. The higher banks (10 feet or more)
are generally sandy with a few conifers growing on them. The lower
banks are usually overgrown with willows, weeds and brush. Good camping
sites, usually grazed pasture, are within a half days canoeing of each
other. Many piles of trash detract from the aesthetic value of the
stream.

The sandy or gravel bottom could be seen in most places. The
water in some areas was turbid, probably due to feeding carp, while
in others it was clear. During the cance trip, the water temperature
averaged TO degrees fahrenheit.

Ducks, muskrats, and indication of beaver were seen.

Access points are gquite abundant, but there are only a few where
a canoe may be put in with ease.

The stream would make a good family canoceing stream above Pine
City and a good sporting stream below. The flow limits use of the
lower reach to early spring and brief periods following heavy summer
rains.
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GEOLOGY SNAKE RIVER

The Snake River headwaters are on the south facing slope of the Mille Lacs moraine.
From the moraine the Snake flows south across a small moraine, then turns northeast
along the terminal moraine formed by northeast moving ice of the Grantsburg Sublobe of
Late Wisconsin time. Meltwaters from the Des Moines Lobe glacier flowing from the St.
Cloud area eastward, probably cut the lower course of the Snake River.

Bedrock is found .in only a few places along the Snake River. In the upper part, just
below the Pine County line, the Snake drops down through a narrow chute (about 30 feet wide)
of gray granite. Feldspar and large veins of white quartz are exposed here. The channel
is enclosed in zig-zag vertical walls 10 to 15 feet high. About a mile downstream there
are similar exposures along the Lower Falls. Here the river falls some 20 feet through
broken and jointed granite ledges. The dark crumbling platy rock is mica schist. The
maximum width of the schist is about 100 feet, where it is best exposed in the lower part
of the falls. Hinckley Sandstone is exposed in the river near Knife ILake and agalin about
a mile north of Mora.

From Mora to Pine City the banks are largely till and sand and gravel of the Des Moines
Lobe drift. The numerous riffles at low water stages are from accumulations of pebbles
and cobbles that have weathered out of the drift.

At Pine City the channel steepens abruptly to
20 mi a gradient of nearly 20 feet per mile. The bedrock
by the campground below Cross lake is copper bearing
diabase, one of the oldest rocks in Minnesota. It
originated as an ancient lava flow and in places is
metamorphosed and contains greenish chlorite schist
and veins of clear and white calcite. Several early
attempts were made to mine copper from this rock and
there were shafts near the river.

o
o

The Snake runs from the diabase to its mouth at
the St. Croix through a deep valley, largely glacial
outwash sand and gravel. One and a half miles above
the mouth is a small exposure of Hinckley Sandstone.
The load of sand and gravel carried by the Snake dis-
charging into the St. Croix has formed a delta in the
St. Croix, partly restricting flow at this point.

Surficial Geologic Map
(after Leverett, 1932)
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HYDROLOGY
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WATER QUALITY
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ST. CROIX RIVER

A reconnaissance, by canoce, was made on the St. Croix River, May
29, 30, and 31, 1966 between Riverside, Minnesota and Teylors Falls
by U.S.G.S. observers. The St. Croix is navigsable by canoce at almost
any stage except for the segment adjacent to the St. Croix State Park
in Minnesota, where an sbrupt drop and a delta from the Kettle River
make particularly shoal areas. The first rapids are about ten miles
downstream from the upper part of St. Croix State Park and consist of
approximately seven miles of rapids starting at Head-of -the-Rapids
Island. ©Stage at the date of the trip was which was more than
adequate for navigation. With only moderate care, the entire trip was
made without scraping any rocks. A portage must be made at Taylors
Falls because of the high dam. There is good access next to the edge
of the breakwaters on the west side of the river. Equipment can be
carried through the streets of town and put in at the boatlanding on
the Minnesota side. There is also launching space for canoes in the
Wisconsin State Park.

The banks are generally attractive and suitable for camping.
The valley is filled with well-washed alluvium and contains only a
minor amount of silt- and clay-sized material. Generally, the material
is sand or sand and gravel. In some cases, it consists dominantly of
coarse gravel, cobbles, and boulders. Vegetation is mixed deciduous
and conifer; dominantly deciduous above the St. Croix State Park;
dominantly conifer through the State Park and down to Grantsburg;
dominantly deciduous from the vicinity of Grantsburg downstream to
Taylors Falls, and mixed from Taylors Falls to the mouth.

The water is amber in color, due to the organic acids that are
common in areas of bogland. Turbidity is low. The bottom is generally
clean sand and gravel in the upper reaches with some large boulders
and very little vegetation. In the lower reaches, where the river is
deeper, the bottom cannot be observed and there is conspicucus plant
growth in shallow water.

Wildlife was much in evidence throughout the trip. There were a
large number of ducks, several deer, hawks, and osprey. The amount of
wildlife is exceptional and unusually evident considering the heavy
use to which the river is already subject and the proximity to heavy
population centers.

The river is accessible at numerous points, both with canoces and
with powered boats. If there is any problem, it is that access is
too great and that bank deterioration results from this accessibility.
There are a number of summer homes, particularly in the stretch below
the State Park, but at present, this is not excessive.

One of the most striking attractions of the river is the geology
exposed at Taylors Falls. Certainly, the St. Croix dalles area and
that below, compares favorably with any river in the country in the
scenic value with its high sandstone and diabase banks. These are
little inhabited and attractively covered with mixed vegetation. They
are attractive in the summer, and especially in the fall,

The St. Croix is certainly one of the outstanding rivers in the
state. 1In the reach of rapids from Head-of -the-Rapids Island, downstream
past the Kettle, is one of the finer safe areas of fast water within
the state. The river is large but generally not dangerous. Because
of its size, clear, clean water, accessibility to the heavy population
area of the Twin Cities, the excellent character of the banks, and the
many sand islands, it certainly should receive primary consideration
for preservation and intelligent management by the state as well as
by the Federal government. The pattern of land ownership that has
protected it for so long is undoubtedly subject to change in the future
and consideration should be given to the effect on the morphology of
the stream that changing use patterns of these lands might have,
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ST. CROIX RIVER

The early St. Croix River carried

the drainage from the north side of the
Grantsburg Sublobe of the Des Moines ILobe
glacier and from the Kettle River. Iater
the volume of water was greatly increased
when the St. Croix received the discharge
from Glacial Take Duluth. This lake, which
formed in front of the retreating Superior
Lobe ice, occupied the Lake Superior basin.
It extended east to the Huron Mountains in
Michigan on the south shore, and at least
to Fort Williams on the north shore. The
drainage outlet was lowered from an altitude
of 1,070 feet to 1,020 feet during the life
of the lake.

The Grantsburg Sublobe, acting as a
wall on the west, forced the river to flow
nver the diabase rocks at Taylors Falls in-

5 \ stead of over the lower land farther west,
\\‘“ D, resulting in the spectacular Dalles area and
\\\' \\fhe falls at Taylors Falls.

The erosive power of the huge volume
of water draining from Lake Duluth is con-
specuous in the valley. Opposite the Snake
River, the bluff on the west side of the
valley is 3 miles from the present channel.
The bluff describes a large arc between
North Branch and Sunrise around an area of
bottomland 6 miles wide. Below Sunrise,
the valley narrows, but even here it is
nearly a mile wide. In the area below
Taylors Falls, the river has cut a deep
trench through diabase rock forming the
Dslles. ILarge '"potholes” formed by whirl-
pools in the Dalles area during glacial
time are one of the unique geologic features
of the area. A deep channel, erroded to
the Mississippi is now occupied by Iake St.
Croix.

Lake St. Croix was formed by the damming of the Mississippi
River by the delta of the Chippewa River and subsequent ponding
of the Mississippi as far upstream as St. Paul. The decrease
in flow from Glacial ILake Agassiz down the Minnesota and Missis-
sippl permitted formation of the Chippéwa delta.

Surficial Geologic Map
(after Leverett, 1932)

255



96¢

GAGE HEIGHT,IN FEET

ST. CROIX RIVER NEAR RUSH CITY

1,000

500

200

100

.50

DISCHARGE, IN HUNDREDS OF CFS

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC |JAN

FEB

MAR

20 S

f""80 % |

GRAPHS SHOW LOWER LIMITS LIKELY
THE PERCENT OF TIME INDICATED

POINT

S SHOW EXTREMES

DURATION HYDROGRAPH FOR THE WATER YEARS OF 1943- |96l




WATER QUALITY

ST. CROIX RIVER

RANGE OF CONGENTRATION OF MAJOR
IONS IN 10 SAMPLES TAKEN AT STILLWATER

100

- "Qop m

{ meq/liter)

110 ppm

1y eem

0l
K

No Mg HCO, SO

cl NOg

FAGTORS OF HIGH CONCGERN TO ECOLOGY

TEMP 80—
60— \ n
°F 40— ]

D. O. L] ot

,0_W\VVA/\/ ]
ppm st 7

TURBIDITY  eo N
60— 1
JTU a0 ]
20__,_/\/\’\/\//\/\’_/\ |
T 1953 T 1954 | 1e55 | 1986 | 57 |
AT TAYLORS FALLS
NUTRIENT NUTRIENT
PHOSPHORUS , ppm PHOSPHORUS , ppfn
HlI  LO AVG SAMPLES HI  LO AVG SAMPLES
.48 0l A9 13 .30 .03 .15 I
AT DANBURY AT STILLWATER
1958-1959 1958-1959
1962-1963 1962-1963

257



ST. LOUIS RIVER

Reconnaissance by canoe was made August 3, 4, and 5, 1966 between
a point a few miles above the bridge crossing at Highway 53 and the
town of Cloguet by U.S5.G.S. observers. Navigability in the upper portion
above the new dam at the Eveleth Taconite Company, (mile 118) is very
good. It is 60 to 80 feet wide and generally 6 feet deep. Portage
must be made at the dam. The portage is short over large boulders placed
as part of the dam construction, From the dam to the confluence with
the Swan River there are many boulder and gravel rapids and riffles,
some of which were not navigable at this stage. Going is slow in many
stretches. The river here is generally 80 to 100 feet wide and from
less than a foot to four feet deep, (gage at Forbes read 6.18). Below
the Swan River, the St. Louis changes from a meandering river to a
peculiarly straight one, running almost due south to just east of
Meadowlands. It is about 100 feet wide and up to 15 feet deep in some
places, A few miles above Floodwood the river turns off its straight
course, but does not strongly meander. More boulder rapids and riffle
areas of difficult navigation are again encountered. Above Brookston,
the river becomes wider, 300 feet or so, and generally navigable. At
Brookston, the wide,placid,waters extending full view downstream gives
the appearance that the rest of the downstream trip might be slow and
dull. But one should not disembark here, for the best is yet to come.
From the area near the confluence with the Cloquet River to two miles
above the town of Cloquet, there are meny sets of large, and sometimes
long, boulder-rapids, attractive, navigable, and fairly fast even though
the river is very wide, Some boulders in this area and the reach above
Brookston are ten and twenty feet in diameter. ©Near Cloquet, the waters
are again calm and deep, for here a pool is formed by the dam at Cloguet.

The banks in the area sbove the Eveleth Taconite Company dam are
generally a few feet high, sandy, and clean, topped with very attractive
conifer woods and many very attractive potential campsites. Below the
dam, the woods vary from predominantly conifer to mixed hardwoods. The
banks vary from low and sandy to high cuts of glacisl till, to banded
clay outcrops. In the lower reaches of the river, the banks at water
level are made of a unique assortment of very well-rounded, remarkably
well -sorted boulders washed from the glacial moraine through which the
river flows. Some farmland is present in the Floodwood to Cloquet reach.
Here forests are predominantly hardwood.

There are many interesting things that a traveler may observe on
the St. Louis River. The variation in geology, from the moraine con-
taining gigantic boulders, to the fine-banded outcrops of lake clay
deposits, shows two types of glacial deposit. Portions of buried trees
can be seen sticking out from banks in the mid-reaches under well-developed
forests indicating the changes that have occurred in the channel over
a very long period of time. Manmade islands of rock and logs constructed
in to break up ice, still remain in the river above Cloguet. Some
of the large boulders in the center of the river have attached to them,
eye-bolts used in the logging days.
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The water is amber color, characteristic of many of the northern
Minnesota rivers. This is caused by complex organic acids that originate
mostly in the upper reaches in the bog areas, Turbidity ranged from 27
to 32 and the temperature ranged from 72 degrees to 78 degrees during
the observation trip. Some filamentous algae was observed growing in
dense crops on the rocks in the upper reaches. The bottom varied from
a clean, well-sorted sand to boulder gravel. Clams are abundant in some
areas., Numerous ducks, but little other wildlife were observed.

There are many reasonably good access points along the whole length
of the river, and many areas suitable for camping, so that a river traveler
may select the reach that he would like to cover. The park at Cloquet
provides an easy point from which to leave the river, having clean toilet
facilities with free hot-water shower, camping grounds, and facilities to
wash boats and cars. Plans are now underway for further expansion and
improvement of this already high-quality municipal park.

The uppermost part of the reconnaissance trip, from Highway 53 to
Forbes, and the last part from Brookston to Cloquet, were the most en-
Jjoyable reaches. There are reaches in between that will be navigable
only at times of plentiful discharge, but most areas will not require
portage, only wading for a short distance. The abundance of gravel and
boulders in the streambed can prove damaging to canoes even with careful
handling because of the randomness and density with which they often
occur. Half the river, as a whole though, is attractive and worth further
considerations and study as a recreational river. The very pleasant trip
down either of the two reaches mentioned, could be made in one day without
need to camp along shore overnight.
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GEOLOGY ST. LOUIS RIVER
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A large lake, Glacial Lake Upham, once
covered much of the area through which the upper
reaches of the St. Louls River flow. The river
enters the lake plain several miles south of Aurora
and leaves 1t near Floodwood. Upstream from
Aurora, the river flows through five to ten miles
of red clayey glacial till and from there to its
source, the geology is mostly a cobbly, bouldery
til1ll or a silty sand and gravel. Through the
Glacial Leke Upham plain the river flows through
fine-grained sand, silt, or clay deposits.

About ten miles upstream from Floodwood, the St. Louls encounters
a beach on the southeast side of the glacial lake plain. The river
then flows southwest along this beach to Floodwood where it cuts
through the beach and starts on its southeastward course to ILake
Superior. This lower reach of the river cuts through an area of
glacial moraines. The glacial drift is largely sandy or silty red
till deposited by glaciers that had moved out of the Iake Superior
basin.

The tills here are filled with an abundance of large
well-rounded boulders which remain in the river bed after
the smaller rocks and other material have been washed out.
Concentrations of these boulders form many rapids and riffle
areas in this reach of the river. The banks are often made
of concentrations of these well-rounded and exceptionally
well-sorted boulders, around a foot or two in diameter.

Downstream from the Highway 2 crossing, the
stream has a considerable number of rapids caused
by boulders from the glacial till or from the
bedrock which is quite near the surface. The
further downstream the river goes, the more bed-
rock is encountered until the Jay Cooke State Park
the river cascades dcown an almost continuous series
of rapids caused by the outcropping of the Thompson
Surficial Geologic Map slate.

(after Leverett, 1932)
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WATER QUALITY

RANGE OF CONGENTRATION OF MAJOR
IONS INI40SAMPLES TAKEN AT.AURORA

SEPT 1955 — NOQV 1965

ST.LOUIS RIVER

RANGE OF GONGENTRATION OF MAJOR
IONS IN 106 SAMPLES TAKEN AT SCANLON

FEB 1955 —MAR 1966

MILES UPSTREAM FROM RIVER MOUTH

100 — 10 —
B - 1,000 B = 1,000
— 1" ppm - 1" ppm
10 - 10 -
B B B 124
i 175 L 00 - — N [sAWPEES |
- /\h —" epm ~ — \ — " ppm
: __— N \ 3 //
S \ S = 124
g e ——-><|75 g
€ 7/— - SAMPLES £ - //\
z L B 0 = | / \ 10
a —10 ppm a - —10 ppm
Yo /| \ Y
/T \ | - \
A1 pem I ppm
.ol .ol
Na Mg Cao  HCOy S0,  Cl  NOg K Na Mg Co  HCOy SO,  CI  NOg
DOWNSTREAM VARIATION IN QUALITY
100 SEPT 9,10, 1965
TEMP *° _
60| — S0
OF 40 ]
- 20
D.O .
10 - Io
ppm 5 n
0 5 500
TURBIDITYso[~ 1=
60 - & cond
JTU 40 =4z
- 13, @Cw £
P ~
T 1954 "1956 ! Trosg ! '1960 ' Toe2 ! = \f\—/NNg °
AT GLOQUET S PN~ E
S0, 2
=
NUTRIENT a o —
PHOSPHORUS , ppm “o
HI  LO AVG SAMPLES e K
05 Ve
40 .12 .23 10 Fe
AT GLOQUET ///
/L%
o s 93 O 5 100 7 s o5

263



GEOLOGY

Surficial Geologic Map
(after Leverett, 1932)

VERMILION RIVER

The entire basin of the Vermilion River is
underlain by rocks of Precambrian Age. Except
for the middle reach, the Vermilion River flows
directly on this bedrock in a series of falls and
steep rapids. Most of the rock is granite, but the
upper five miles below the dam where it leaves
Take Vermilion consists of a series of mica schist.

The middle section flows on till, washed and
re-worked by waters of Glacial Lake Agassiz. The
£il1l was deposited by Des Moines Iobe ice. In
this area it is neither thick nor extensive.

At the outlet of Vermilion Lake, the river
drops rapidly through rather soft mica schist
although this is not well exposed and the bed is
mostly large boulders. Dowanstream there are a
series of major falls and rapids. At mile 31
there is a fall of about 80 feet, another two miles
dovnstream of 15 feet, and about two miles further
a fall of six feet. Except at the falls, the banks
through this reach are lake washed till. Further
downstream about five miles is another fall. The
river here turns east and drops some 75 feet
through three major falls and rapids from mile L
before reaching Crane Lake.

The exposures of rock are picturesque as are
the numerous falls and rapids. From the geologic
standpoint, the river is outstanding, however,
the numerous falls and rapids would make posting
of warning signs along the river mandatory for
average use. Because many of the reaches must be
portaged, some minor opening of portage trails
would be of possible value.
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WILLOW RIVER

Reconnaissance was made from Haypoint on Hwy. 169 to a few miles
above the mouth on July 6 and 7 by the U.S.G.S. observers.

The gradient is gentle and even the width from 20 to 85 feet, and
the depth from 2 to 6 feet, with no falls amd only two riffles. From
the standpoint of channel depth the stream is easily navigable, but
heavy tree fall and debris jams in the upper reaches make it impassable
for boats or canoes. In the lower reaches, the tree fall is also heavy
but due to the greater channel width one can usually find a way to push
through.

The banks in the upper, narrow (25 foot), straight, dredged portions
of the streams are about 15 feet high and forested atop predominantly
with birch, poplar and jackpine. Downstream to mile 12 or 13 the banks are
wet, low, heavy with underbrush or grass, and forested mainly with maple
and some oak and other hardwoods. It is generally very poor for camping.
Below mile 12 the banks become higher, dryer, and sandy in some places,
with occasional areas of birch and spruce. The forest here is mainly
maple, elm and oak trees. Barely is the namesake, willow, seen through
it is quite common on most of Minnesota's rivers.

The water is warm (73°) and varies from an amber color with tur-
bidity of 25 JTU to a pale chocolate brown with a turbidity of L0 JTU.
The color is in part due to the organic acids that are common in areas
of bog lands such as this. The bottom is generally clean sand to gravel.
Filamentous algae grow on the tree fall and debris jams but are sparce
elsewhere.

Wildlife was noticeably sparce although two heron and a few ducks
were observed. Most of the crossing roads are abandoned and the
bridges collapsed. Farming population in the area is declining. Be-
cause of this and the general lack of navigability, the river receives
very little use. This has the advantage of making it a very good fishing
stream according to local residents. Even with extensive clearing the
river would remain low in value as a recreational resources to other than
the local residents.
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Surficial Geologic Map
(after Leverett, 1932)

The Willow River flows nearly its entire length on lake plain deposits
of Glacial Iake Aitkin, although there are few places where the deposits are
well exposed. Mostly the banks are densely covered with vegetation. The
natural channel meanders intensively on the flat surface, much of which is swamp
away from the river banks. The Willow has, through periods of flooding, deposited
material adjacent to the channel so that one has the impression of traveling through
high land. This is illusionary however because these deposits are "natural levees'
deposited where the velocity of the river is slowed by vegetation, and they extend
only a few tens of feet from the river.

The only reach in which the geology is distinctive is two small areas of ground
moraine having beach ridges of Glacial Iake Aitkin around them. These are in T. 50 N.,
R. 25 W., the larger of the two being in the reach where the Willow first trends west
from its south flowing reach.

Except for this area of ground moraine the remainder of the bank exposures are
dominantly clay, silt, and fine sand.

The combination of low uniform gradient, extensive meandering, uniform bank
material, and natural levees make the river relatively monotonous for canoeing and
poor for camping. However it is also deep and has low, uniform velocity. The
water is relatively clear because of the low velocity and heavy cover of vegetation
on the banks. :
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