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



&= Plate velocity (5 cm/yr)
—— Boundaries

Adapted from Marshak (2018)
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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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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

At one point in history,
all the continents fit
together. ..
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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).
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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.



Periodic Table of the Elements
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Big |dea

Humans
depend on
Earth for
resources

A\ Every American Born Will Need...

wnma 3.9 MILLION POUNDS

W»”  of minerals, metals, and fuels in their lifetime
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Geologic Processes — Time — Mineral Distribution ::::;:g:::cg;j’,;?,:igg,;':;';::,;‘:;;*;';7;1';:;}

and groundwater contami

Ore deposits can be obtaing ' g et — Geologic materials are
i r : the substance from which
cities grow.

Mixed with water, spread into sheets, and
wrapped in paper, gypsum makes drywall.

In quarries, operators dig up gypsum, crush

toform gpe dfpusl o s ' e -__. d, m : = _w_w@ it to powder, and ship it to factories.

-; = - Gypsum is a salt that precipitates when

- saline lakes evaporate. It grows as white
or clear crystals.
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ome of which
some crushed g
n to become lime,

Ore minera I.i rm;y collect on th
bottom of a magma chamber, 5

Hydrothermal vents (black From Mud to Brick
smokers) produce accumulations
of massive sulfides.

5, shells and shell From Lake Bed to Drywall
fragments collect and eventually form
beds of limestone.

Mine pan for gold in placer
deposits where metal flakes
ets occur in sand

Ogan sms extract ions from water
and construct shells,

From Sea Floor to Sidewalk

From Magma to Metal
From Stream Channel to Roadbed
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Extended concepts e

e

[gneous Intrusive vs Extrusive rocks) (s

Low density

(2.5 g/cm?)
0 A
3 70% Silicic
O
e
()
(=]
(o)}
) "
&; = 60% Intermediate
i _
il = g
<] =}
H I
5 S
= &
5
- 50% Mafic
-

\/ 40% Ultramafic

High density
(3.4 g/cm?®)

(a)

Proportions of Fine grained
Crystalline p chemicals are different
Yo in different rock types.
Fine Coarse 0 2|5 5|0 7|5 100
T H Felsic
Rhyolite Granite e
Quartz
™~
Biotite
(=]

\A hibol % f
Andesite Diorite Plagioclase pibole — £
£

(o]
o] §] g

MgO
7 \ | BE :
i
Pyroxene Andesite
Basalt Gabbro (Augite) -
Komatiite Peridotite Olivine Mafic
Picrite
( ) The right side of the chart SiO,
shows the percentages of Rhyolite | Basalt
different minerals in the Andesite

different rock types.



Mining
If you cannot grow it,
you must mine it.
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Ex-pit ramp

Open Pit mining

Graded Embankment to act as a baffle  Subsoil stripped by

against nolse and dust moLor SCrapRers Overburden from benches
and carefully scored  dug by shovels and hauled by

drump trucks

Owverburden being
excravated by dragline




Underground mining

-,ﬁ

headirame

hoist house

Vertical

Shait

Simgle i Cage
Stage

Haoisting stope

skip hoist

A Slope Mine

A outcrop
’ -

drift—

oy

Open F’itMinefﬁ'

P

ore
inclined
shafl

massive
ore ﬂﬂllﬂﬁi

i




lgneous Rocks = Source material for...

Hard minerals = Hard rocks

* Metals

* Base
* Precious
e Rare-Earth

* Building materials
* Gemstones

 Diamond, Tourmaline, Topaz

e Construction/Production

Display

& A mobile device’s glass screen is very
/ ( durable because glassmakers combine its
el main ingredient, silica (silicon dioxide or
quartz) sand, with ceramic materials and
then add potassium.

Layers of indium-tin-oxide are used to
create transparent circuits in the display.
Tin is also the ingredient in circuit board
solder. and cassiterite is a primary source
of tin.

Gallium provides light emitting diode
(LED) backlighting. Bauxite is the pri-
mary source of this commodity.

Sphalerite is the source of indium (used
in the screen’s conductive coating) and
germanium (used in displays and LEDs).

Electronics and Circuitry

The content of copper in a mobile device
far exceeds the amount of any other
metal. Copper conducts electricity and
heat and comes from the source mineral
chalcopyrite.

Tetrahedrite is a primary source of
silver. Silver-based inks on compos-
ite boards create electrical pathways
through a device.

Silicon. very abundant in the Earth’s
crust, is produced from the source min-
eral quartz and is the basis of integrated
circuits.

Arsenopyrite is a source of arsenic.
which is used in radio frequency and
power amplifiers.

Tantalum. from the source mineral tan-
talite. is added to capacitors to regulate
voltage and improve the audio quality of

Mineral Resources Program

Thee USGS Mreral Rescarres, Frogram debven
o rastasn b rderstint

a device.

Wolframite is a source of tungsten,
which acts as a heat sink and provides
the mass for mobile phone vibration.

Battery

Spodumene and subsurface brines are

FELOUPTE DOCEND, prnducon,
s, 4Pl ham et als IS wilh The

the sources of lithium used in cathodes
of lithium-ion batteries.

Graphite is used for the anodes of
lithium-ion batteries because of its elec-
trical and thermal conductivity.

Banner image courtsy of
freavector-arthive.com

Speakers and Vibration

Bastnaesite is a source of rare-earth
elements used to produce magnets in
speakers, microphones. and vibration
motors.
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Base metals — common E.g. Iron, Copper, Nickel, Lead
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Lutetium Neodymium Yttrium

US Rare Earths Usage
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Critical mineral deposits across Ukraine
Titanium, zirconium [l Graphite [ Rare earths M Lithium
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Note: Russia annexed Crimeain 2014

TABLE 9.1 Rare Earth Elements and Their Applications

Example Applications

Yttrium Metal alloys, visual displays, lasers, lighting
Lanthanum Optical glass, nickel-metal-hydride batteries
Cerium Colored glass (flat-panel displays), automobile catalytic converters

Praseodymium

Super-strong magnets, metal alloys, specialty glass, lasers

Neodymium Permanent magnets

Samarium Permanent magnets, nuclear reactor control rods, lasers

Europium Optical fibers, visual displays, lighting

Gadolinium Shielding in nuclear reactors, X-ray and magnetic resonance imaging
scanning systems

Terbium Visual displays, fuel cells, lighting

Dysprosium Permanent magnets, lighting

Holmium Lasers, high-strength magnets, glass coloring

Erbium Glass coloring, fiber-optic cables

Thulium Lasers, portable X-ray machines

Ytterbium Stainless steel, lasers

Lutetium Petroleum refining

Source: ISW (21:00 GMT, 25 February)

BlBjC

Adapted from Van Gosen et al. (2019).




Klmberlltes A typical diamond mine

Kimberley Mine ErOBIECIon ROrth - S0t

=
1

mine shaft old open-
pit mine
debris from
old mine

elevatnr—.ul

1,520 feet B

(483 metears) unnel

1,840 feet

=61 meters) Kimberlite

2,160 feet pipe

(658 meters)

drainage 7L,

pump
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Gustav Vigeland Sculpture Park

ttps://vigeland.museum.no/en/vigelandpar
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https://vigeland.museum.no/en/vigelandpark
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Sioux Quartzite

e Gitchi Manitou State Preserve
* 1969

* The rock is still quarried near Sioux
Falls, SD |

* Was mistaking called Sioux Granite




Sioux Quartzite

e Correlates to Baraboo Quartzite

T

* Occurs in eastern A at great

g7 5
P A

depths

o= e S

Sioux Falls, SD

ing in

Federal build

Rock Co. Court House, MN
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Sedimentary Rock Types

Clastic
* Boulder .
. * Limestone
* Cobble Breccia or Conglomerate
> * Dolostone
* Pebble
* Chert

eSand  Sandstone
e Silt Siltstone
 Clay Shale

* 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




Desert environment

Siltstone .
Fossiliferous

limestone
Sandstone

Conglomerate



Closer to source I Farther from source

Grain size

(a)

Angularity ! I ° t
!
Angular Subangular Subrounded Rounded |/
(b)
Sorting
Very poorly sorted Poorly sorted Moderately sorted Very well sorted
(c)
Maturity

Alluvial fan

Feldspar weathers to clay; L

T ~N - -
clay gets washed away. {\,-.:,!3 Lithic clast
(‘) Quartz sand grain
L Silt grain
_~ Feldspar

Lithic clasts break

14
into individual grains. 7z~ Clay flakes

- Maturity

Less mature
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* Galena
* Lead
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* Gypsum
* Silica san
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PRODUCERS ASSOCIATION
a Your limestone resource since 1 945!

®, 1OWA LIMESTONE
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lowa - Lead and Zinc

* Near Dubuque, lowa
e Start approx. 1650
* Peak 1830 to 1860
* End 1910




lowa — [ron ore

 Waukon, Allamakee County
* Iron Hill deposit

e First mined in 1899

* Missouri Iron Company of St.
Louis operated a plant in lowa
until 1918.
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Non — Metallic , Mineral Resources




lowa — Clay

* In 1900 there were 381 clay
companies operating in 89 of
lowa’s counties!

e Shale bedrock, river alluvium,
glacial sediment

* Produced brick and tile

* Today only 3 companies mine
clay for bricks in Dallas and
Woodbury counties




lowa — Cement

e Burnt lime via kiln fired limestone.

* Calcining to produce quicklime or
calcium oxide

* CaCO, + Heat - CaO + CO,(g)

* Silurian Age Dolostone
* Hopkinton Formation
* Farmers Creek Member
* Marcus Member

e Jackson and Cedar Counties




lowa - Portland Cement

e 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
lowa.

IR AHAEIDELBERGCEM

PORTLA
CEMEN

TYPE 111

Modern Day Portiand Ceﬁ?ent s
Ingredients
Rt N

h

Limestome Clay

Clinker/Siag Gypsum Portland



lowa — Stone/aggregate

19t century construction

* Primary production centers
include Cedar, Jones, Des
Moines, Marshall, Lee, Madison
and Jackson counties

* In 1982, crushed stone
surpassed Portland Cement as
lowa’s leading mineral
commodity

* There are nearly 500 registered
qguarries in lowa today




lowa — Gypsum

* Fort Dodge, lowa 1850

* Two million tons per year
at a value of $12 million

* Products
 Wall board
* Portland cement




lowa — Sand and Gravel

* Important resource for lowa’s
roads and construction.

* In lowa’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
e Sandstone to harder Quartzite
* Limestone to harder Marble
e Shale to harder Slate

* Gemstones

* Emerald, Jade, Ruby, lapis
lazuli, Sapphire, Zircon




Metamorphic

grade
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CO

Carbon
Monoxide

cO,

Carbon
Dioxide

H,S

Hydrogen
Sulfide

‘Silica dust gets trapped in the + Colourless * Colourless * Colourless

* Odourless = Slight acrid smell * Rotten egg smell
« Explosive/Toxic * Toxic * Explosive/Toxic

Prevention Detection
y mining ventilation systems A range of detection devices including:
Gas monitors | Air samples | Chemical analysis
line Ventilation Seiutions Huwg

Caving” Mine in Operation @ ®

Tailings lrr ipoundrrent

Sthomes ore warste Ground collapses,

forming sinkhole

Thee undeng round
collagas mones

..... — upnwands to the

i ground surface

Blasting may be used
o Brealk ressstant one

a

Oine debris collapses
& owater percolates
dorriwards

aler 0

Broken ore pours
ollapss thircwgh the rock
funncls. Large
blocks are blasted

Tumnels for access &ore extraction underlie the caving
rane. Water drains mto the losest tunnel, 8 “semp”




U.S. Department of Labor '

MSHA

Mine Safety & Health Administration
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Relevant toxlc compounds

Risk AMected compartments
dwater, surfa
Overtopping of tailings dam APRLITEWETE, ST
water, 5ol
Collapse of tailings dam by poor groundwabes, surface
construction water, 5oil

Collapse of tailing dam by seismic
avant

groundwabes, Surface
I water, soil

groundwabes, Surlace

Plpe leakage

- ' water, soil
Ground of tailing pond not leak-

groundwater

proof
Waste rock stockpiles exposed to groundwater, surface
Fainw ater water, soil
Dusts from waste rock and tailings | air, 50d

Mo site-rehabilitation after cease of

land-usa, long-term

mining operation conaminabed land
Procassing without flue gas filters air, 5ol
Processing without waste water

surface waber

treatment

Water emissions:

* N most cases
radionuclides, mainky
thorium and wranium;

« haavy metals;
+ acids;
« fluofides,

Alr emissions:

*» Inmost cases
radionuclides, mainly
thofium and urnium;

« heawvy metals;
= HF, HCI, 50; alc.




Gold and its THE MILLING PROCESS
Cyanide problem

Water Consumption for Mining

1tonof=““‘
@ Coal — 15m3 of water
e LI L ERERLELLELY )\
Nickel =™ 376m? of water Mw -V
tion 12'

—

Grinding

e LI I LRI LR LR R AR RNARENNY) |
Q" Gold = llllllllllllllllllllllllllllll
250, DOOm of wat
g N , ! f Pressure Oxidation Acidification Flotation
Cyanidation, Gold Leaching
and Absorption onto Carbon
=
Cyanide to Tailings
Detoxification

Gold Electrowinning Gold Furnace Gold to Market
Doreé Bars
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nensive Environmental Response,

sation, and Liability Act (CERCLA)

 December 11, 1980  Established prohibitions and

* Law created a tax on the
chemical and petroleum
industries

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. anmversary

* https://www.epa.gov/superfund

* Responsible for cleaning up SERERGUNDISHIE
some of the nation’s most
contaminated land and WARNING:
responding to environmental Hazardous materials
emergencies, oil spills and present at this site;

natural disasters.

No Trespassing.

* Does lowa have any? Use the

Website to learn more...
For further information call the

U.S. Environmental Protection Agency

qE (800) 346-5009



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

Fe(ll) +S,%

[1a] (1a]] + O,

FeS,(s) + 0, —i> $O,> + Fe(ll)

+0-([3] 2] |+ FeS, (s)

Fe(lll) = Fe(OH),(s)
(4]

studies/butte case stud.html



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

H Monitoring locations and water levels
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Volecanic activities release BT PN Toaie Rt
Forest fires release PTEs PTEs to atmosphere

into atmosphere - ,- ’ 'h

Eventually
deposit on
soil

Coal burning
release PTES to atmosphare

w Atmospheric pollution
with Fb-based gasoline

Eventuallhy
deposit on

| B Application of
i Mining activites . pesticide/herbicide/

'H.u____.r - S | - _ : fungicides

rrigation of PTE-rich
growund water

Leaching of PTEs
Release of PTEs to to groundwater

groundwater

: Biclogical, chamical
Soil parent materials or physical
(igneous & weathering
sedimentary Abrasion
rocks and coal)
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