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Mafic



Is it possible to have quartz in a mafic rock? 



Natural Resources

If you cannot grow it, 
then you have to mine it.













National Security 



Ore











Homestake
Gold Mine
Lead 
S. Dakota







Minerals & Rocks of Northern Minnesota 





1.1 Billion year old 
Duluth Complex

Deposition of great quantities 
of metal in igneous intrusions 

derived from melting the 
Earth’s Mantle.

Cu-Ni-PGE

TiO2





Structural Geology





One of Chad’s Favorite MN Rocks 
Q1 – Name it, then discuss how does it formed? 



Basalt



Gabbro



Agates

• Formation 
• Types
• Differential weathering

Can you find 
Lake Superior Agates
in Iowa?  

SiO2 silicon dioxide



Lake Superior Agates 



https://www.mindat.org/gm/51

https://www.mindat.org/gm/51


Zeolite –
Alumniosilicate minerals 

• Volcanic environments – ash
• Alkaline groundwater 
• Trace – Ti, Zn, 
• Zeolite agates not as easy to find 

Why not? 

Why is it a bad idea to put them near a 
campfire?   

M2/nOAl2O3⋅xSiO2⋅yH2O



Rhyolite 



Granite



Anorthosite

plagioclase feldspar (90–100%)



Banded Iron 
Formation
(BIF) 





Taconite 



https://project.geo.msu.edu/geogmich/iron_ore__taconite.html

https://project.geo.msu.edu/geogmich/iron_ore__taconite.html


Ray Anderson & Ryan Clark
Iowa Geological Survey



Northeast Iowa 
Plutonic Complex
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$41 billion
$33 billion

$8.6 billion
$8.8 billion
$5.0 billion

$96.4 billion







Precambrian Geology of Iowa
and surrounding area



Decorah

Manchester

Vinton

major pluton 
and name



Osborne Anomaly
Kittleson, 1975

Randalia Anomaly
Stepanek, 1978

Vinton Anomaly
Dixt, 1984

Manchester Anomaly
Heathcote, 1979



oxide cumulate





photo by John Hjelle Dec 2012Mineral Resource Potential of the Midcontinent Rift

Decorah



3,333 km = 2,071 mi of flight lines

400 m = ¼ mile flight line EW spacing
3.5 km = 2 ¼ mile flight line NS spacing

100 – 500 feet above the landscape

Versatile Time Domain Electromagnetic Surveying

BT-67 fixed wing turboprop aircraft that carried the
gravity survey instrument

Agusta Westland AW119 Koala helicopter that
carried the magnetometer and electromagnetic

surveys
(see VTEM detector suspended below helicopter)



Decorah anomaly 



transient crater

Airborne Electromagnetic Survey 2013



Decorah Structure





Decorah Impact Structure 





Decorah 
Lagerstätten



Eurypterids – Sea Scorpions
Extinct arthropods



Ordovician Life: 
Warm shallow seas =  Life

• Brachiopods
• Bryozoans
• Corals
• Receptaculitides
• Mollusks 
• Worms
• Arthropods 
• Echinoderms
• Graptolities
• Conodonts



Galena Group

• Dunleith, Wise Lake, and Dubuque Formations

Upper Mississippi Valley Zinc and Lead District



How does Galena & Zinc form in Limestone? 

• Space is created, through karst 
processes

• Warm sulfide-rich solutions 
migrate upwards and infiltrate the 
new space

• Sulfide minerals precipitate out of 
solution and along the edges of 
these new spaces

• The Mississippi cuts its channel 
into the landscape and lowers the 
water table

• Exposing the sulfide minerals, 
creating Iron sulfide, Lead sulfide, 
and Zinc sulfides

H2O
CO2H2CO3

Warm Sulfide 
rich minerals 



Lead and Zinc Mining 1788-1810

• Spain ruled Iowa via the Treaty of Paris (1763) as a 
product of the French and Indian War (1756-1763)

• Julien Dubuque became friends with the local 
Meskwaki, eventually marrying Potosa and entering 
their culture as Little Night. 

• Julien, identified the mineral recourses and with the 
Meskwaki’s permission began mining 

• Julien, requested ownership/confirmation of his land 
from the Spain, and it was granted in 1796.  ‘The 
Mines of Spain’ 

Died at 45 (1810) 
deeply in debt



Maquoketa Formation 

• Thick impermeable shale

• Large caverns were excavated 
under Johnson and Polk 
counties to seasonally store 
liquefied petroleum gas 

• Enables the pipeline industry 
to store their product so that 
they can meet demand during 
the winter



Manufacturing Depends on Minerals

• Manufactures use minerals to create the high-tech devices that connect 
us to the world. TVs require 35 different minerals and computer chips 
can require up to 60 minerals and elements. 

• From the mirrors and paint to the body frame and engine, minerals are 
integral to every vehicle on the road. Gold, platinum and aluminum are 
just a few of the minerals used by auto manufacturers. 

• Advanced energy technologies such as wind turbines, electric vehicles 
and solar panels depend on minerals including rare earths, copper and 
zinc. 



Minerals Make Economic Growth Possible 

Jobs and Wages 
• A job in U.S. metals mining carries an average salary of approximately $85,500 a 

year—74 percent higher than the combined average of all private sector jobsi. 

• More than 1.3 million U.S. jobs are supported through minerals mining — 433,000 
Americans are directly employed and more than 872,000 are indirectly employed. 

• For every job in metals mining, an estimated 2.9 additional jobs are generated, 
and for every nonmetals mining job, an additional 1.8 jobs are created. 
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