Rocks of Michigan

Engage: How Are Rocks Different?

These simple drawings represent fist-sized rock samples. Use the diagram to answer the following questions.

1. Are all the rocks the same?

2. Please write a few words that describe each rock.


1. __________________________________________________


2. __________________________________________________


3. __________________________________________________


4. __________________________________________________


5. __________________________________________________

3. Speculate on which rocks formed at the earth’s surface, were once molten, or formed by change in pressure and temperature.


1. __________________________________________________


2. __________________________________________________


3. __________________________________________________


4. __________________________________________________


5. __________________________________________________
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Explore:

Part 1. Building Michigan

Marquette County  is a miniature example of how the continent of North America was assembled.  The county is made of three different pieces of the crust, the outermost layer of the Earth.  The pieces differ in age of the rocks and the most common type of rock in each piece.  Once assembled, layers of younger rocks covered parts of the area.  Use the figure below to explore what makes up this part of Michigan.

a. Complete this data table:

	
	Location
	Age of Rocks
	Common Type of Rock

	Crust 1
	
	
	gneiss

	Crust 2
	north
	
	

	Crust 3
	
	2 billion years
	


b. Looking at the simplified geologic map, make a quick estimate of the type(s) of rock that you would predict to be most common in Marquette County.  Which of these answers most closely matches your estimate?

1. sedimentary and volcanic rocks > gneiss > greenstone and granite

2. sedimentary and volcanic rocks > greenstone and granite > gneiss

3. greenstone and granite > gneiss > sedimentary and volcanic rocks

4. gneiss > sedimentary and volcanic rocks > greenstone and granite

5. greenstone and granite > sedimentary and volcanic rocks > gneiss 

c. How could you quantify (make a numerical estimate) to your answer for question b?
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Part 2. Common Rocks in Michigan

Your teacher will provide you with six samples of rocks that are common in Michigan.  Use the chart below to identify the rocks.  
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Part 3. Relative Ages of Layered Rocks

Limestone and sandstone are examples of sedimentary rocks. Sedimentary rocks form at the earth’s surface as horizontal layers.  Some, but not all, sedimentary rocks form in association with water(sand dunes would be an example of an exception).  This demonstration explores the relative ages of layers that form in water.

a. You will be given a glass graduated cylinder, several types of sand, a funnel, and a spoon.

b. Fill the cylinder about half way with water.  Add two spoonfuls of each sand type to the cylinder.
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c. Which of the sand layers was deposited first (is the oldest)?

d. Which of the sand layers was deposited last (is the youngest)?

e. Are the sand layers deposited as vertical layers, with a gentle slope, or as horizontal layers?

Part 4. The Youngest Rocks in Marquette County  

The diagram below is the geologic map for Marquette County.  It has about 15 different rock units shown (compared to the basic 5 units shown on the simplified geologic map you looked at earlier).  Although the map is more complex you are already learning skills that will allow you to interpret the map the same way a geologist would.  

This activity focuses on the layered sedimentary rocks in the southeast part of the county.  

The map legend is along the right hand side of the map.  The legend matches the colored bands to the names for the rocks that geologists use.  The youngest rocks are at the top of the legend. The oldest rocks are at the bottom of the legend.  

Match the colored bands to the names of the geologic units:

         Top (youngest rocks ):   1. __________________ (extreme southeast corner of 





2. __________________ the county)

3. __________________

4. __________________ 
5. __________________ 

           Bottom (oldest rocks): 6.  __________________ (eastside of county by the lake)

Look for the geologic units you listed near the bottom of the stratigraphic section of Michigan.  Geologists use specific symbols to designate specific rock types.  The “EXPLANATION” on the bottom right of the page shows the rock types (limestone, dolomite, shale, etc…).  Use the EXPLANATION to identify the rock types in Marquette County.  Use the information to complete the table below:

	Geologic Units
	Rock Type

	1. 
	

	2. 
	

	3. 
	dolomite

	4. 
	

	5. 
	

	6. Jacobsville Sandstone
	sandstone


5. What two rocks are the most common in Marquette County?

6. Have another look at the stratigraphic section of Michigan.  For rock layers above those in Marquette County (higher in the section, younger), what is the most common rock?  Is this the same or different than Marquette County?
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Geologic Map of Marquette County  


From: MI DEQ Geological Survey Division
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Explain

Geologic Maps

Geologic maps show the distribution of rock types or rocks of different ages.  These maps can be made at any scale.  For example a geologic map of North America shows the geological characteristics of the continent but offers few details.  In contrast, a map of your county is a small area with great detail.

In Explore 1, you saw that the geologic maps of Marquette County could be simplified to 5 geology units.  Each unit had either a unique age or specific rock type.  Geologists use this information to restructure the history of an area.  In simplest terms, the distribution of rocks in Marquette County indicate that at least five major events made the area.  The 3.6-3.0 billion year old gneiss indicates rocks were buried in the crust and changed under new pressure and temperature conditions (see below).  The 2.75-2.6 billion year old greenstone and granite indicate that igneous rocks, rock that was once molten, formed in what is now part of the county.  The great difference is the type of these rocks and their ages suggest each piece has a separate history and that Earth processes later brought the two units together.  The 2 billion year old sedimentary and volcanic rocks were probably squeezed as the two older pieces came together.  The layers of sedimentary and volcanic rocks were originally horizontal but they were later folded into a trough or syncline.  A syncline is layers of rock formed by down warping of folding layers.  The oldest (bottom) layers formed first (they are on the outer part of the fold).  The youngest (top) layers formed most recently and make the inner part of the syncline.

The last two simplified units formed as near horizontal layers of sand or limestone.  Their relative positions indicate that the Jacobsville is older (since it is on the bottom).  In the younger sedimentary rocks the lowest layer (Munising Formation) must be older (since it is on the bottom) and the top layer (Trenton Limestone) must be youngest (since it is on top).

Rocks

Geologists divide rocks into three groups:

Igneous - rocks form in the Earth or at the surface as liquid rocks solidify

Sedimentary - rocks form as layers at the Earth’s surface by accumulation of sediment

Metamorphic – rocks form in the earth under changes in heat and/or pressure

The most important characteristics of each rock type are composition and texture.  Composition commonly refers to the minerals or chemistry of the rock.  Texture refers to the size and  arrangement of the grains of crystals. (see Engage).

Igneous rocks are made of course-grain or fine grain rocks that vary from dark to light in color.  Course grain means you can see crystals with your unaided eye. Crystals cannot be seen in fine grain rocks without a magnify glass or microscope.  Dark igneous rocks are made of minerals with greater proportions of magnesium and iron, which give the rock its color.  Light igneous rocks are made of minerals with lesser amounts of magnesium and iron.


[image: image6]
The two most common igneous rocks are granite and basalt. Granite is course grained, light in color (sometimes pink) with visible crystals of potassium feldspar, plagioclase (light color) and quartz.   The course-grained nature of granite is a result of slow cooling in the Earth’s crust.  The slow cooling allows crystals to form and grow large enough to see with your unaided eye.

Basalt is a fine grained dark colored igneous rock.  No crystals are visible to the unaided eye. With a microscope you may see small crystals of olivine, pyroxene, and calcium-rich plagioclase in a glassy matrix. The lack of crystals is a result of rapid cooling at the Earth’s surface. Basalt is commonly erupted at volcanoes on the ocean floor and in rifts.


[image: image7]
Sedimentary rocks are broke into two groups based on composition. Clastic rocks are made of pieces of pre-existing rock. Clastic rocks are divided by their size into conglomerate (rock pieces bigger than sand) sandstone (sand-size pieces), siltstone (smaller than sand but larger than mud) and shale or mudstone (made of mud-size pieces). Sandstone and shale are common in Michigan.
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Jacobsville Sandstone

Chemical sedimentary rocks are classified by their composition. Carbonate rocks have cations that combine with a carbonate group (CO2)-3. Limestone fizzes vigorously when acid is applied, it is a common chemical sedimentary rock made of calcium carbonate. Dolostone is a chemical sedimentary made of magnesium, calcium, and carbonate, powered dolostone reacts weakly to acid. Both limestone and dolostone are common in Michigan.
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Kona Dolomite

Metamorphic rocks

Metamorphic rocks are classified by the presence or absence of foliation. Foliation is the parallel alignment of grains or crystals in the rock. Foliation is produced by directed pressure with or without additional heating of the rock. With changes in pressure or temperature new crystals form that are stable under the new conditions. 

Metamorphic rocks are named by their type of foliation:


Slate – parallel alignment of pre-existing crystals and particles


Phyllite – parallel alignment of microscopic crystals     


Schist – layers of parallel crystals (common micas or amphibole)


Gneiss – altering layers of light and dark minerals

[image: image10]
Southern Complex gneiss (mafic)

Marble and quartzite are common non-foliated metamorphic rocks.  These rocks form by changes in temperature without directed pressure.  Marble forms when limestone is subjected to higher temperatures that cause the mineral calcite to recrystallize.  Marble reacts vigorously when acid is applied. Quartzite forms when sandstone is subjected to higher temperatures that cause the mineral quartz to recrystallize.  Quartzite is shown below.  It has a sugary appearance and is very hard.

[image: image11]
Part 6. Missing Part of the Story

The Earth is 4.6 billion years old.  No single location has a complete set of rocks that formed over this vast expense of time.  On the diagram below, the column on the left shows the ages of the rocks in Michigan in billions of years.  The column of the right shows the amounts of “missing time” when no rocks were deposited in Michigan.  

a. Use the information provided to complete the column on the right.

b. Add the amounts of “missing time” to determine about how many years during Michigan’s history rocks were NOT being formed.

c. During how many years Michigan’s history were rocks being formed?

APPLY                        EXPLORING THE ROCKS OF THE WATERFORD AREA

The bedrock map of Michigan shows the distribution of rock types across the state.  The Stratigraphic Section of Michigan shows the general layers of rocks a geologist would find if she drilled a hole down several miles from the center part of the lower peninsula.  Use the bedrock map of Michigan and the Stratigraphic Section of Michigan to answer the following questions.

On the bedrock map:    1. Find Oakland County.

2. Notice the colored bands that traverse across the county.  These colored bands represent the rock units in our area.

How many colored bands are in the county? _______

3. The map legend is along the right hand side of the map.  The legend matches the colored bands to the names for the rocks that geologists use.  The youngest rocks are at the top of the legend. The oldest rocks are at the bottom of the legend.  

Match the colored bands to the names of the geologic units:

         Top (youngest rocks ):   1. __________________ (northwest corner of county)





   2. __________________

   3. __________________

  4. __________________

  5. __________________

                                                  6. __________________

     
   Bottom (oldest rocks):   7.  __________________ (southeast corner of the county)

On the Stratigraphic Section of Michigan:

4. Look for the geologic units you listed in question 3 near the top of the stratigraphic section.  Geologists use specific symbols to designate specific rock types.  The “EXPLANATION” on the bottom right of the page shows the rock types (limestone, dolomite, shale, etc…).  Use the EXPLANATION to identify the rock types in Oakland County.  Use the information to complete the table below:
	Geologic Units
	Rock Type

	1. 
	

	2. Marshall Sandstone

	

	3. 
	

	4. 
	

	5. 
	

	6. 
	

	7.
	sandstone and shale


5. What two rocks are the most common in Oakland County?

6. Have another look at the stratigraphic section.  For rock layers below those in Oakland County (lower in the section, older), what is the most common rock?  Is this the same or different than Oakland County
Inquire Further

1. Rocks in Your Area

Visit locals gravel quarries to collect rock samples.  Divide the rocks into groups: igneous, sedimentary, and metamorphic.  Classify the rocks using charts from your teacher.

2. Your Rocks in Other Areas

Use the bedrock map of Michigan to find other counties with very similar bedrock geology.  List the other counties.  Describe the pattern defined by these counties: linear, an arc, roughly circular, or random (circle one).

Teacher Information

Part 1

a. Complete this data table:

	
	Location
	Age of Rocks
	Common Type of Rock

	Crust 1
	south 
	3.6-3 billion years
	gneiss

	Crust 2
	central
	2.75-2.6 billion years
	greenstone and granite

	Crust 3
	north
	2 billion years
	sedimentary and volcanic rocks


b. 

4. greenstone and granite > gneiss > sedimentary and volcanic rocks

6. Missing Part of the Story

a. From the top: about 0.48 billion, about 0.46 billion, about 1 billion, about 0.6 billion, about 0.25 billion, about 1 billion

b. About 3.79 billion years of Earth history is not represented by the rocks in Marquette County (and Michigan in general).

c. The rocks in Marquette County  formed during many events over a total period of about 0.81 billion years (810 million years or about 18% of Earth history) .  

Earth Science in Michigan        MAJOR TOPICS

Topographic Map Reading

Explore: scale and contours of Sugarloaf Mountain.

Apply: ordering and reading topographic maps in your area.

Rocks of Michigan

Explore: Identifying key differences between granite, basalt, sandstone, limestone/dolostone, slate, and gneiss in thin section, handsamples, and outcrop.  All examples from Marquette County.

Apply: local quarry materials, identification of rocks in photographs, distribution of rocks on state geologic map.

Economic Materials

Explore: identification and uses of iron ore, Kona Dolomite, Verde Antique, Jacobsville sandstone, sand and gravel.

Apply: facing stones in your community, economic materials in Michigan and your county.

Surface Water

Explore: drainage basins and divides, stream patterns, stream gradients in Marquette Co.

Apply: drainage basins and divides, stream patterns, stream gradients in your county.

Glacial Deposits

Explore: identification of till and outwash; erosional markings: striations, chatter marks, and polish; Quaternary geologic map.

Apply: Quaternary history of your county.

Geologic Structures

Explore: simple demonstrations of folds and faults; folds and faults in Marquette County, the Marquette syncline (using cross-sections and maps).

Apply: other major folds and faults in the Upper Peninsula, the Michigan Basin.

Geologic History

Explore: interpretation of photographs illustrating superposition, original horizontality, and cross-cutting relationships; interpretation of cross-sections of Marquette County.

Apply: interpreting cross-sections of your county.
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