Itinerary 1: Minnesota River Valley: Past and Present










Time: 2 hours

What was Minnesota like, long, long ago?

What is under the ground beneath the grass, soil and houses?

Where does all the sand around here come from?

Where is the nearest beach?

Why do they use those purplish/pink rocks along the roadside? --Is it for the Vikings?

Why is the Minnesota River Valley so big?

Why are the ravines shaped like V’s?

What makes waterfalls?

Topics to Observe with Specific Text References:

Rock Cycle





Rock Types




Stream Development p. 67-75



Water Falls

Geologic Time Scale
p. 227



Cross-Bedding p. 115

Effects of Glaciation p. 101-104


Effects of Plate Tectonics

On our way to and from the primary sites of our field trip we will travel along the “deep” (by Minnesota standards) trough of the Minnesota River Valley. Take special effort to observe the features of this valley as we move from the more restricted sites along the Judson Bottom Road up to the overview afforded us from Look Out Drive.

1. Even the Rocks Come from AWAY!

Sioux Quartzite, distinctly purplish in color, can be seen at the roadside at our first stop.  This material was brought in from southwestern Minnesota and Iowa.  It originated as well sorted sandstone eroded from an igneous mountain region.  The sandstones were deposited in river channels and shallow seas.  Later an episode of mountain building caused by the collision of 2 continents 1,800,000,000 years ago caused intense metamorphism creating quartzite.  The quartzite is used along the road side because it is very resistant to erosion.

2. Hit the Beach!

Our next stop is a small stream valley.  First, examine the nature of this valley.  Is it a broad flat-bottomed valley like the Minnesota River or a small narrow V-shaped valley like a mountain stream?  Why the difference?

Contained in this valley is evidence for an ancient beach environment. Cambrian age rocks of the St. Laurence and Jordan Formations are exposed.  Use a rock hammer to expose a fresh face of each of the rock layers.  What type of rocks are they?   How can you tell?  What is the dominant mineral in each?  Hint:  Use some HCl to test for calcite (bubbling on contact), dolomite (bubbling after powdering the rock) and quartz (no effect from acid).

The underlying St. Laurence Formation consists of transgressive (beach advancing) sandstone layers intermixed with layers of dolomite.  It is dark from the high mud content and contains bright green flecks of the mineral glauconite.  Interbedding of the dolomite and sandstone make this a poor aquifer because the dolomite is relatively impermeable to water. Overlying the St. LaurenceFormation lies the Jordan sandstone.  This layer is a good aquifer because it is very permeable to water flow. These pure white, cross-bedded sandstones reflect a regressive environment (beach retreating).  The dip of the former off-shore sandbars is visible (as seen from the side).  These rocks suggest that 500,000,000 years ago, southern Minnesota was a coastal environment on the margin of a continent in the tropics, with an active shoreline moving back and forth with long shore currents.   The mineral content and bedding of the sands suggests erosion in igneous highlands to the west.  One might imagine this area as being similar to a beach in Central America today.  Since the Cambrian plate tectonics has caused Minnesota to migrate to a more northern latitude ending its days as a tropical paradise.

3. Niagara Falls (Almost)!

Minnewaukon Falls, often dry, is formed by the presence of a hard cap-rock of dolostone (Ordovician age Oneata Formation) covering the softer, weaker, Jordan sandstone below.  The blocky nature of the Oneata accounts for the sharp bedding and overhang of the falls.  As water drops over the lip of the Falls it erodes the soft sandstone underneath the Oneata Formation.  When the weight of the overhang becomes too great, segments of the caprock collapse.  This causes the Falls to move slowly upstream.

4. Bedding at the Beach!

At this roadcut we again find ourselves at a tropical beach.  Here the cross-bedded sandstones of the Jordan Formation, are overlain by clays and then dolomite of the Oneata Formation.  The greater erodability  of the sandstone is portrayed by the overhang of the dolomite above.  The dolomite is brecciated and tends to break off in blocks posing a hazard for the road.

5. The VALLEY!

We can see a great deal of the structure of the Minnesota River Valley from Look Out Point, including the results of ancient erosional processes, current river evolution and human interference with the river’s development.  Notice that the broad, flat, sediment filled floodplain is bordered by relatively steep slopes.  The size and depth of the Minnesota River Valley are greater than the current stream can account for. The structure of the valley was created by events at the end of the last Ice Age.  Until about 12,000 years ago, this region of Minnesota was covered by a huge continental ice sheet. The weight of the ice sheet depressed the land throughout Minnesota.  The continuous slow southward flow of the ice sheet scraped the landscape free of most topography and deposited large amounts of sediment in the form of glacial till at the ice sheet’s southern margin.  These long ridges of material are called glacial moraines.  At the end of the ice age, the ice sheet retreated northward due to melting at the southern end which exceeded addition of ice from more northerly locations.  With the heavy ice sheet covering and depressing the land toward the north and the blockage to drainage to the south by the end moraine, a huge glacial lake was formed. This Lake Agassiz covered much of northwestern Minnesota, North Dakota, Manitoba and Saskatchewan. The moraine runs forms the current divide between the Red River and Minnesota River Valleys. Eventually a gap formed in the end moraine causing the bulk of Lake Agassiz’s water to drain down a small pre-existing valley into the Mississippi River.  Drainage of this huge lake caused erosion of the relatively weak sedimentary rocks of southern Minnesota, carving out the huge Minnesota River Valley.  At this time the Minnesota River is called the glacial river Warren.  Downward cutting of the river was only halted when harder metamorphic rocks underlying the sedimentary beds were encountered. Further melting of the glacial ice 

eventually opened lower outlets for Lake Agassiz through Canada leaving the Minnesota River of today in its oversized valley. Creation of the trench-like Minnesota River Valley had the effect of lowering the base level of its surrounding tributary streams.  This increase in the gradient of a stream has the effect of rejuvenating it, allowing it to adopt the V-shaped profile and rapid downward cutting nature typically seen in mountain regions.  The tributary streams, which flow into the Minnesota River have created ravines as they erode rapidly downward toward the new lowered base level. Eventually this erosion will smooth out the Minnesota River Valley into a broad flat depression in the surrounding plains. Today the Minnesota River meanders through its oversized valley, eroding sediment on the outside of its curves where the current is fastest and depositing material on the inside of curves where the current slows. Further reworking of the floodplain occurs every few years with flooding of the bulk of the valley floor.  This would normally leave behind a rich new layer of sediment.  To reduce damage to property, humans have constructed protective dikes through downtown Mankato.  These dikes have the effect of restricting the river’s course, forcing the rate of flow to increase through these zones (imagine restricting flow out of a garden house with your finger).  This causes the river to cut more deeply into its channel during flood intervals, threatening the stability of the dikes.  Restriction of the river’s ability to flood prevents the addition of fresh sediments, which would normally help to build up the floodplain and add nutrients to the soil.

