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Presenter Notes
Presentation Notes
FIGURE 9.3  What’s Inside Earth?Adapted from Marshak (2018).



Presenter Notes
Presentation Notes
FIGURE 9.6  Tectonic Plates  �The lithosphere consists of tectonic plates that move relative to each other as they float on top of the denser asthenosphere below. Blue lines outline each plate, the arrows indicate the direction each plate is moving, and the length of an arrow indicates the velocity—with longer arrows showing plates moving relatively faster than those with shorter arrows.Adapted from Marshak (2018).
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Presentation Notes
FIGURE 9.5  The Lithosphere and Asthenosphere  The crust and the uppermost part of the mantle together constitute the relatively rigid lithosphere. The asthenosphere is below it.Adapted from Marshak (2018).



Plate Tectonics 

Presenter Notes
Presentation Notes
FIGURE 9.7  Slow Movements, Big Changes  The arrangement of continents on Earth’s surface slowly changes over time because of plate tectonics. Geologists have learned that all the continents were bunched together about 300 million years ago in a single supercontinent called Pangaea. Since then, they have drifted to their current placement. Adapted from Marshak (2018).



Plate tectonic movements 

Divergent Convergent Transform

Presenter Notes
Presentation Notes
FIGURE 9.8  Tectonic Plate Movement  (a) Divergent plate boundary, East African Rift. This flat-bottomed rift valley with a cliff on each side is a classic feature of divergent boundaries. (b) Convergent plate boundary, Andes Mountains of South America. �(c) Transform plate boundary, San Andreas Fault in California.





Big Idea 
Humans 
depend on 
Earth for 
resources



Geologic Processes – Time – Mineral Distribution 
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to Society  
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Extended concepts 
(Igneous Intrusive vs Extrusive rocks)



Mining
If you cannot grow it, 
you must mine it.  



Open Pit mining 

Reclamation



Underground mining



Igneous Rocks = Source material for… 

• Metals 
• Base 
• Precious 
• Rare-Earth

• Building materials
• Gemstones

• Diamond, Tourmaline, Topaz 

• Construction/Production 

Hard minerals = Hard rocks 





Base metals – common E.g. Iron, Copper, Nickel, Lead



Broighter Hoard, Co. Derry, IE

Cross of Cong, 
1123 
True Cross 
Remnant

Precious 
Metal 



REE
Lutetium       Neodymium        Yttrium 

LED light bulbs       Electric Motors       Cancer treatments 



REEs





Construction
Production 



Gustav Vigeland Sculpture Park 
https://vigeland.museum.no/en/vigelandpark

https://vigeland.museum.no/en/vigelandpark




Sioux 
Quartzite
(1,600 ma)

Ray Anderson



Sioux Quartzite
• Gitchi Manitou State Preserve

• 1969

• The rock is still quarried near Sioux 
Falls, SD

• Was mistaking called Sioux Granite 



Sioux Quartzite 
• Correlates to Baraboo Quartzite 

• Occurs in eastern IA at great 
depths

Federal building in Sioux Falls, SD

Rock Co. Court House, MN







Sedimentary Rock Types
Clastic
• Boulder
• Cobble  Breccia or Conglomerate
• Pebble
• Sand Sandstone
• Silt Siltstone
• Clay Shale

Chemical
• Limestone 
• Dolostone
• Chert
• Evaporates 



Sedimentary Rocks = 
Source material for 
• Building materials
• Energy (Coal, oil, gas, different 

presentation) 
• Secondary gemstones 

• Jasper, Garnet, Zircon, Opal 
• Agriculture

• Weathering to Sediment to Soil 
• Food

• E.g. Salt  
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Iowa’s Minerals
and Rocks 

• Galena 
• Lead
• Zinc

• Gypsum
• Silica sand
• Iron



www.limestone.org



Iowa - Lead and Zinc
• Near Dubuque, Iowa 

• Start approx. 1650
• Peak 1830 to 1860
• End 1910



Iowa – Iron ore 
• Waukon, Allamakee County
• Iron Hill deposit 
• First mined in 1899
• Missouri Iron Company of St. 

Louis operated a plant in Iowa 
until 1918. 



Non – Metallic , Mineral Resources



Iowa – Clay 

• In 1900 there were 381 clay 
companies operating in 89 of 
Iowa’s counties! 

• Shale bedrock, river alluvium, 
glacial sediment

• Produced brick and tile 
• Today only 3 companies mine 

clay for bricks in Dallas and 
Woodbury counties 



Iowa – Cement 

• Burnt lime via kiln fired limestone. 
• Calcining to produce quicklime or 

calcium oxide 
• CaCO3 + Heat → CaO + CO2(g)

• Silurian Age Dolostone
• Hopkinton Formation 

• Farmers Creek Member
• Marcus Member 

• Jackson and Cedar Counties 



Iowa - Portland Cement

• Hardens underwater 
• Put Kiln burning out of business
• Four plants continue to operate 

in Cerro Grodo, Polk, and Scott 
counties. 

• Accounts for approx. 40% of 
mineral production today in 
Iowa.  



Iowa – Stone/aggregate

• 19th century construction 
• Primary production centers 

include Cedar, Jones, Des 
Moines, Marshall, Lee, Madison 
and Jackson counties 

• In 1982, crushed stone 
surpassed Portland Cement as 
Iowa’s leading mineral 
commodity 

• There are nearly 500 registered 
quarries in Iowa today



Iowa – Gypsum 

• Fort Dodge, Iowa 1850
• Two million tons per year 

at a value of $12 million  
• Products 

• Wall board 
• Portland cement



Iowa – Sand and Gravel
• Important resource for Iowa’s 

roads and construction. 
• In Iowa’s river valleys past and 

present… 
• Approx. 16 million tons per year 

are mined per year at a value of 
approx. $60 million. 



Metamorphic rocks = Source material for… 
• Building material 

• Sandstone to harder Quartzite 
• Limestone to harder Marble
• Shale to harder Slate  

• Gemstones 
• Emerald, Jade, Ruby, lapis 

lazuli, Sapphire, Zircon
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Gold and its 
Cyanide problem  



Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA)

• December 11, 1980
• Law created a tax on the 

chemical and petroleum 
industries 

• Established prohibitions and 
requirements concerning closed 
to abandoned hazardous waste 
sites;

• Provided for liability of persons 
responsible for releases of 
hazardous waste at these sites; 
and

• Established a trust fund to 
provide for cleanup when no 
responsible party could be 
identified.



Superfund – EPA program – 40 yr. anniversary  

• https://www.epa.gov/superfund
• Responsible for cleaning up 

some of the nation’s most 
contaminated land and 
responding to environmental 
emergencies, oil spills and 
natural disasters.

• Does Iowa have any? Use the 
Website to learn more…  

https://www.epa.gov/superfund


Butte, Montana
Berkeley Pit -

Copper Mine (opened 1955/closed Earth Day 1982) 
Approx. 50 billion gal. of toxic water (pH = 2.7)
Copper, iron, arsenic, cadmium, sulfuric acid 

https://serc.carleton.edu/NAGTWorkshops/health/case_
studies/butte_case_stud.html

https://serc.carleton.edu/NAGTWorkshops/health/case_studies/butte_case_stud.html
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