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Outline
«Earth Processes and Minerals

—Rock Cycle

*Earth Resources

<Environmental Effects of Resource Extraction
—Mining
*Reclamation

*Geological Hazards

Our Earth is a Dynamic Planet

- - interior composed of dense, intensely
hot metal, mostly iron. Generates magnetic
field enveloping the earth.

- - hot, pliable layer surrounding the
core. Less dense than core.

- - cool, lightweight, brittle outermost
layer. Floats on top of mantle.
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Oceanic ridge Continental
(lithosphere created) volcanoes

Oceanic trench
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Rock Cycle
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> Weathering, sedimentation,
lithification

. Heat and pressure; deformation,
recrystallzation

———> Melting, crystallzation
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Table 14.2 Primary Uses of Some Maj
Consumed in the United States
Aluminum Packaging foods and beverages (38%),
transportation, electronics
Chromium High-strength steel alloys

Copper Building construction, electric and elec-
tronic industries

Iron Heavy machinery, steel production

Lead Leaded gasoline, car batteries, paints,
‘ammunition

Manganese High-strength, heat-resistant steel alloys.
Nickel Chemical industry, steel alloys

Platinum-gr catalytic elec-
tronics, medical uses

Gold Medical, aerospace, electronic uses;
accumulation as monetary standard

Silver Electronics, jewelry
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Gemstonessand Precious Metals

Sand anel Gravel

Placer Mining

Underground mining
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Processing Ores
*Metals are extracted from ores by heating or
treatment with chemical solvents.
- - roasting ore to release metals
*Major source of air pollution
- - crushed ore piled in
large heaps and sprayed with a dilute alkaline

cyanide solution which percolates through
the pile to dissolve the gold

<Effluent left behind in ponds can leak into
surface water or groundwater.

Geologic Hazards

9 led to extinction of dinosaurs.

. take the greatest number of lives, while

. causes the most property damage.

Q - sudden movements of the Earth’s crust

that occur along faults where one rock mass slides past
another

—Gradual movement - called creep or seismic slip

*When friction prevents creep, stress builds up
until eventually released with a sudden jerk.

«Point at which first movement occurs is called the
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Go to Connect to explore earthquake and volcano occurrences.
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Landslides

eLandslides are examples of ,in
which geologic materials are moved downslope
from one place to another.
—Can be slow and subtle or swift as in
rockslides and avalanches

*Road construction, forest clearing, cultivation,
and building on steep, unstable slopes increase
the frequency and damage done by landslides.

Landslide in Pacific Palisades,
California
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Dig A Little Deeper
W & Eat Your Broccoli X\
~ ™' [t contains Selenium, the Brain Food ~ W
All Living Things Need The Fuel Provided by Minerals and Metals
Life processes cannot occur without our world of inorganics.

There are 14 necessary mineral nutrients for plant growth. For human life,
there are 7 necessary Macrominerals, 9 critical Microminerals

and an abundance of other elements and minerals

necessary for good health

While our mineral intake represents only

about 0.3 percent of our total intake

of nutrients,

they are so potent and so important that without
them we wouldn't be able to utilize the other 9.7 percent
of foodstuffs, and would quickly perish.

For more information about mmerals in socrety go to:

Social Studies: Foods you had for lunch —where did they come !ramU

20.1: Mineral Supplies and Impacts

Greater than 30% of U.S. minerals are imported.
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High-Grade Ore

* Rocks that contain large
enough quantities of minerals to
be profitably mined

Iron Ore — iron
atoms bonded
with oxygen

Solid Iron

Smelting
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Any mines near us?
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What is the Sand and Gravel

Used for?

» To make concrete. Concrete is Gravel +
Sand + Cement (made from ash and
limestone)

« for road construction

« for mixing with asphalt ...
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“The Great Terrain Robbery:"
The 1872 Mining Law

*Mineral rights on Federal Land for $5 / acre
* Pay no royalty for minerals extracted.
* No environmental protections

° R ey
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Before 1977, surface coal mining
landowners had abandoned 1.1 million
coal mine sites in the United States.

e The Surface Mining Control and
Reclamation Act (SMCRA), 1977, to
regulate mining activity, rehabilitate
abandoned mines, and protect society
and the environment.

e The SMCRA required reclamation

¢ Created an Abandoned Mine
Reclamation Fund to finance restoration
of abandoned sites.

SMCRA Required Reclamation which is
maintaining water and air quality, minimizing
flooding, erosion and damage to wildlife and

aquatic habitats caused by surface mining
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Types of Mines

* There are two main types of mines.
1) Surface Mining
2) Subsurface Mining
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Surface Minin

* Mineral deposits are on or near the surface of
the Earth and are removed.

¢ Accounts for 90% of mineral and rock resources
and 60% of coal

Open Pit Mine

Open-pit: removes large, near surface
deposits of minerals such as gold, iron and

copper by digging a large hole.
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Tailings — What is left over after mining
and processing

Water flowing through this can become
acidic and pick up heavy metals

Tailings dam

Tailings/sediment

Tailings dam

Maximum holding capacity
> 3 m depth and 20,000 m’

aused by artificial barrier
Natural ground level e by i -
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Tailings
Dams Can
{and do) Fail

Hungary — bauxite ore turned into aluminum oxide

Dredging

* Buckets P
and
draglines
scrape
underwater
deposits

e Minerals —

gold in Ca.
rivers
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the effects of sand dredging
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trenches & holes

Mountain Top Removal

Strip Mining
Strips of land are removed to
expose the coal deposit below.

18



Placer Mining

» Using water to separate the
heavier ore by density from the
lighter sediments. Ex. Gold
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Placer
Mining

Heap-leach Extraction
* The mined ore is crushed
« put on an impermeable (plastic or clay) leach pad.
« Sprinklers/drip irrigation with  ~ CYANIDE is used.

« The solution percolates (2 months for gold/2 years
for nickel) through then is collected

2 Cyanide solution
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CYANIDE HEAP LEACH MINING
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Mercury Contaming

¢ Liguid Mercury is mixed
with wet ore which
binds to the gold/silver.

« This amalgam is then
heated to vaporize
mercury leaving the
gold/silver.

* Hg contaminates thee
air, water, and

tailings left behind

Overburden vs Spoil vs Tailings vs Gangue?

* Overburden — What's on top of mineral

« Spoil — after the overburden gets
removed.

» Gangue — the uneconomic portion of the
ore that must be removed from the
valuable portion.

e Tailings — what is left over after the
process of separating the valuable
minerals and the gangue.
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ubsurface Mining

neral Deposits are located deep
nderground.

Less environme
dangerous to

AVIEBO M ARt JMORACHEL o

Dragline removing Surface Mining

~ . mountain top Methods

Dozer along
5, contour bench

8/30/2016

Headframe

wentilation
shaft

Skip

Miner's
cage

Pump

skip filling
station
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Longwall mining — horizontally
grinding up rock to
expose/collect the coal.
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ROOM AND PILLAR MINING

an_venliunal 5. Bok Rool Loading Machine
Mining 4. Load coal ) Shutle Car

3. Shoat
2. Load charge™g A Ly Continuous
1. Undetcut oc = o Mining Machine
Top cut coal face. 3 3 &
Diill holes for
Explosives.

Conveyor Be

Continuous Mining

Train Haulage

Clarence E. Butterworth
» 1922 was forced to leave the 8 ™ grade and
go to work in a subsurface coal mine in PA.

* Worked in the mines until ran over by a coal
digger in 1952.

* Developed black lung in the 1960'’s.

Healthy Tissue Healthy Tissue
90-year-old massive fibrosis
‘schoolteacher 40-year-old-miner
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 Sulfur is naturally found o,
with coal and other
minerals.

e Sulfur plus water makes

H2S04

¢ This dissolved heavy
metals out of the rock
and creates acid mine

drainag

Acid Mine Drainage

(Sulfuric Acid)

e
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Acid Mine Drainage

Figure 1: Britannia Mine - What is Acid Mine Drainage?

The natural mineralization at Britannia contains metal sulphides which when exposed to air and water react to form a
sulphuric acid solution containing dissolved metals. This mixture is known as Acid Rock Drainage or Acid Ming

Drainage and can be very toxic 1o aguatic life

BRITANNIA
MINERAL ORE

H,S0,
{SULPHURIC ACID)
WATER (RAIN)

AND - Cu?
Zn*

OXYGEN (AIR]
—

ACID ROCK
DRAINAGE

o=
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« Erosion due to exposed
sediment G

¢ Leachi

ng (sinking) of toxies, . . s

metals, acids into
groundwate

«

Percuigliun 1o gro;mdwaier

Y X

Leaching of toxic melals
and other compotnds
from ming spoil
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New Sources of Minerals?

1. Finding new deposits is rare because its risky
and very expensive.

2. Lower grade ores can now be extracted profitably
due to improved techniques and technology.

3. Deep-ocean seabed mining is a future possibility.

Substitutes for Minerals
affordable? durable? practical?

« Ceramics and plastics are being
developed as metal
replacements with many — i
advantages. \F o Fonor

— Harder, stronger, lighter, longer A
lasting

Acetabulas

[P
Shell

Femoral Stem ———
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Galena (ore of lead/sliver)
Mine and Marburg Virus at
Python Cave in Uganda

ACADEMY AWARD
NOMINATIONS
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