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Introduction

Our modern society completely depends on the availability of
mineral resources, As world population increases, we face an
ever-increasing resource crisis, It is feared that Earth may have
reached its capacity to absorb environmental degradation related
to mineral extraction, processing, and use,
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Introduction - Learning Objectives

Understand the relationship

between human population and resource utilization

Understand why minerals are so important to modern society

Know some of the factors
that control the availability of mineral resources

Understand the environment impact of mineral development

Understand the economic and environment role

of recycling mineral resources

Understand the relationship
between sustainability and mineral use



Mineral and Human Use

Our society depends on the availability of mineral resources.
Consider the mineral products found in a typical American home,

TABLE 14.1 A Few of the Mineral Products in a Typical American Home
Building rmaterials Sand, gravel, stond, Brick (clay), pement, steel, aluminum, asphall, glass
Plumbing and wiring materials Iren and steel, copper. brass, lead, cement, ashestos, glass, tile, plastic

Insulating materials Rock, woel, fiberglass, gypsum (plaster and wallboard)

Paint and wallpaper Mineral pigments (such as iron, Zine, and titanium} and fillers (such as
talc and asbestos)

Plastic floor tiles, other plastics Mineral fillers and pigments, petraleum products
Appliances Iren, copper, and many rare metals
Computers, phones, videos Petroleum products, and many minerals

Furniture Synthetic fibers made from minerals (principally coal and petroleum
products springs; wood finished wilth mineral varnish

Clothing

Rock Dust (Agro

Frod Product Inf

Agrowinn-Minerals can be used successfully on all varieties of

Drugs and cosmetics Mineral chemicals plants and vegetables

Other items Windows, scraens. light bulbs, porcelain fixtures, china, ute

all made from mineral products
aly L
v i = r, 2 A t on the m

e LS, Geological Survey Frof nal Faper 940,

5Ib Bag: $4.50 | 10 Ib Bag: $7.50
http://www.fertilizeronline.com



Mineral Resources Depletion Curves

o T B L o )_"l So, what is our mission?

B 1. Find more sources

2. Find a substitute

3. Recycle what has already
been obtained

4 Use less and make more
efficient use of what we have

Resource consumption =
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Diagram of three hypothetical depletion curves
for the use of mineral resources
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Resources and Reserves Economic mineral

concentration

From a practical viewpoint, resources are unsatisfactory
because it will not normally be extracted unless

extraction can be accomplished at a profit. (Resources)
Undiscovered
Identified _ : the crust of Earth in a form
In known In undiscovered i
districts. districts or forms that can now or potentially
| Economic Reserves be extracted at a profit
|
Marginally Marginal : ( Reserves A
economic reserves j Hypothetical Speculative

.

I resources resources

S = | Subeconomic . . g .
ubeconomic | that is identified and is

reésources
—" currently available to be

~——— Increasing degree of geclogic assurance————

legally extracted at a profit

Classification of mineral resources
used by the U.S Geological Survey
and the U.S Bureau of Mines.



Economic mineral
concentration

Economic Mineral Concentration

Mineral deposit
- locally rich concentration of mineral
Ore

- Metallic mineral resources that can be economically and
legally extracted at the tine

Ore minerals
- The minerals comprising the deposits
Classification of Mineral Resources

eRICICRERD Classification of Mineral Resoureces
METALLIG MINERAL RESOURGES NONMETALLIC MINERAL RESOURCES

Abunant Metals Minerals for ingusivial amd Agricutivral e

iron, aluminum, manganese, magnesium, titaninm %, nifrates, carbonates, sodium chloride, fluorite,

Searce Moisls eI G SN e R e

copper, lead, zine, tin, gold, silver, platinum-group metals, —_— —
|'r1r.'.1]j.-'l:-:']i*.::n:nT|. WTATLMm Ty, 11.111;::',3?.&]1, bi:s.murh!
:'.]lr[:-[ninm., ni:l:e_'a.ll. cobalt, columbinm

Leramics and Abrasives

feldspar, quarte, clay, corundum, gamet, pumice, diamond

Wrces af e parin {Lng W
T T L e e T e P A T e e Sy L Tl i mna.



!E“ B Concentration Factor Econogiiiipineral

Concentration factor
- explain a particular ore deposit

Concentration factor of a given metal in an ore

concentration of the metal in the ore deposit

concentration of the metal in average continental crust

(=R :IR ekl Conceniration Factors for Profitable Mining of Selected Metals
PERGENTARE ABUNDANGE COMCENTRATION FACTOR

METAL Average in Earti’s Lrust

Alvamiimum ]
Copper 00G3
Crold {0, CADMDRCHON0

(LS

MMercury O]

Silicon

— The high concentration Factor
= Rich Ore




Distribution of Mineral Resources “onomemueral

concentration

Mineral deposits are highly
localized: they are neither
uniformly nor randomly
distributed.

Proportion of world reserves of some
nonfuel minerals Controlled by various
nation

(Mineral Commodity Summaries 2000,
U.S.Geology Survey)



The FOrmatiOn of Minera| Deposit Where ore minerals

are found
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" Igneous Ore Deposit




The Formation of Mineral Deposit Where ore mineral

Igneous Ore Deposit

are found

Magmatic activity gives rise to several different kinds of deposit,

1. pegmatite deposit

2. Layered intrusion
3. Kimberlite

A dense mineral ke chromite or magretite may ssttle out of

ahn:rﬁ?all.zmg magma to be concentrated at the botiom of the
Chamiear,

__. T T :1 ?'. ;] . ]
® FIGURE 12.3 Formation of magmatic ore deposit by
gravitational settling of a dense mineral during crystallization.



The FOrmatiOn of Minera| Deposit Where ore minerals

are found

( Igneous Ore Deposit) pegmatite deposit

In 1845, W, Haidinger was apparently the first to use the word pegmatite to
describe “coarse-grained, feldspar-rich granites”.

Rocks of very large grains which consisted of orthoclase, quartz and silvery
mica, and which occur so commonly in the form of dikes, small stocks and

nests in other rocks.




The FOrmation Of Minera| Deposit Where ore minerals

are found

( Igneous Ore Deposit) pegmatite deposit

Why are pegmatites important?
Granitic pegmatites are important sources of rare-elements,
such as beryllium, niobium, tantalum, tin, lithium, rubidium,
cesium and gallium; industrial minerals; gems and mineral
specimens.
Some of the world’s best-known gem material is obtained
from pegmatite deposits,




The FOrmatiOn Of Minera| DepOSit Where ore minerals

are found

(Igneous Ore Deposit) Layered intrusion

Layered intrusions occur at all levels within the crust, from
depths in excess of 50km to depths of as little as 1.5 to Skm.

Layered mineral deposit; Red
Mountain, Alaska.

The Stillwater Complex is a large
fragment of an enormous ~2710 Ma
ultramafic-mafic layered intrusion.



The FOrmation of Minera| Deposit Where ore minerals

are found

( Igneous Ore Deposit ) Kimberlite

Kimberlite pipe Diameoend mine

Kimberlite magma rises through
Earth's crust in networks of cracks or
dikes, The pipes only form near
Earth's surface, This cross-section of
a kimberlite pipe shows the carrot-
shaped profile produced by
explosive eruption, The root zone
starts in fissures, where gases are | . e
released from the rising magma and Idealized diagram showing a typical
drive the eruption; they blow out the  South African diamond pipe and mine.
fragment-laden kimberlite to form the e =
volcano's tuff ring and fill the pipe,

el =L e

Aerial view of Diamond Mine, Kimberly,
South Africa.



The Formation of Mineral Deposit Where ore minerals

are found

CHydrothermaI Deposit)

The deposits form along the margins of uplifted
sediment fault blocks generated by intrusion of
MORB (mid-ocean ridge basalt) laccoliths,
Because of hydrothermal fluid interactions with
sediments, the deposits are enriched in group IV,
V and VI elements, thermogenic hydrocarbons,
and radiogenic Pb compared with those
deposits forming in sediment-free spreading
centers,

Ore and silicate

- - minerals deposited
by hot magmatic -
fluids in cracks in
surrounding rocks -~ -

."'-f-I ""\.il
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! | }

Walers are warm
by interaction wit
fresh, het crust,

i "::‘i:-. G ! Nl ey v
Sulfides can be deposited by hydrothermal circalation
around a spreading ridge.

Ore deposition in veins around a magma chamber.

Hydrothermal ore deposits from in various ways.

Cooling magma




The Formation of Mineral Deposit Where ore mineral:

are found

S

CHydrothermaI Deposit)

Sulfer is a common
constituent of magmatic
gases and fluids

® FIGURE 12.5
Kilauea, Hawaii. fhofeera




The FOrmatiQn of Minera| DepositWhere ore mineral

are found

. Selectad porphyry copper
= and malybdenum depasits

Gold
Silver = base metals
Gold and Silver
Gald and Silver
+ base metals
Platinum arnd
Palladium

<D e e R Y

® FIGURE 12.6 {A)Y Distribution of copper and
molybdenum deposits. {Deposit in eastern Canada relates to an
ancient subduction zone rather than to modern subduction.)
(B} Major precious-metal-producing areas in the United States.
["Base metals”™ are the more common metals, such as copper
and lead, as distinguished from “precious metals” such as gold
and silver.) (A1 Data Srome AL Jensen mied AN, Betemran, Economic Mineral
Lyxeposits, 3d od, Copyright © 1381 fohin Wilsy & Sons, Ine., New York, (B) Oaka from

Mineral Commeaodity Summaries 1995, LL5. Burenar of Mines.



The Formation of Mineral Deposit Where ore mineral:

are found

(Sedimentary Deposit)

Mineral deposits resulting from the accumulation of
precipitation of sediment,

1. Surficial marine and nonmarine precipitation
- Evaporite deposit
- Residual deposit
2. Deep ocean precipitation
- Manganese nodules
3. Mechanical sedimentary deposit
- Placer deposit



The Formation of Mineral Deposit Where ore mineral:

are found

(Sedimentary Deposit) Surficial marine and nonmarine precipitation
Evaporite deposit

When water evaporates, dissolved minerals
remain behind as a solid residue,

Rock salt from an evaporate deposit.



The Formation of Mineral Deposit Where ore mineral:

are found

CSedimentary Deposit) Surficial marine and nonmarine precipitation
Residual deposit

In residual deposits the diluting, non-economic
material is removed and the material left behind is
of economic value,

This is a fine light pink Halite (simple salt MaC specimen with beautiful and well
farmed cubic crystals from Searles Lake, Trona, California




The Formation of Mineral Deposit here ore mineral

are found
(Sedimentary Deposit) Surficial marine and nonmarine precipitation
Residual deposit - Bauxite
Aluminum ore, called bauxite, is most commonly formed in
deeply weathered rocks, In some locations, deeply weather
volcanic rocks, usually basalt, form bauxite deposits, This
sample of bauxite ore is from Western Australia,




The Formation of Mineral Deposit Where ore mineral:

- are found

CSedimentary Deposit) Surficial marine and nonmarine precipitation
Residual deposit - Bauxite
Aluminum has a wide range of common uses,

It is lightweight, strong (especially with alloys), and conducts heat well,
Many kitchen items (pots and pans, foil, dishes) are made of aluminum,

Other

249, Australia

38%
World Supply of Aluminum

About 110 million tonnes of
aluminum was produced in 1994.
Australia produces most of the
Jamaica world's aluminum. Diagram from
11% ITAM Bauxite by the Minerals

Papua New Guinea . :
. Council of Australia.

ot S0




The Formation of Mineral Deposit Where ore mineral:

are found

(' Sedimentary Deposit ) Deep ocean precipitation
Manganese nodules

Concentrations of manganese and
iron oxides found on the floors of
many oceans, The origin of these
potato-shaped metal-rich deposits
has been elucidated; their complex
growth histories are revealed by the
textures of nodule interiors shown in
the illustration,

Reflected-light photograph of the polished surface of a
sectioned manganese nodule showing the complex
growth history of the concretionary deposit



The Formation of Mineral Deposit™"ere ore minerak
7 are found
(Sedimentary Deposit) Deep ocean precipitation
Manganese nodules
Marine manganese nodules from certain regions

are significantly enriched in nickel, copper, cobalt,

zinc, molybdenum, and other elements so as to

make them important reserves for these strategic
metals,

-

Mineral resources of the sea

Potential hydrocarbon [:I Metal-rich sediments
basins

About 20% is thought to be covered by
manganese nodules, which can contain as
much as 2.5% copper, 2% nickel, 0.2%
cobalt and 35% manganese, as well as
titanium, aluminium, potassium,

8 molybdenum, lead, strontium and other
substances. (Source: Times Atlas)




The Formation of Mineral Deposit Where ore mineral:

are found

(' Sedimentary Deposit ) Mechanicl:a?l sediclmenta_t:y deposit
acer deposi

In geology, a placer deposit or placer is an
accumulation of alluvium or eluvium containing
valuable minerals

which is formed by deposition
of dense mineral phases

in a trap site.

The name is from

the Spanish word p/acer:
meaning "sand bank”,

<p FIGURE 13.13 Gold nugget weighing 41.3 troy ounces, mined
from a placer deposit in the Brooks Range, Alaska.




The FormatiOn of Minera| DepositWhere ore minerals

are found

Sedimentary Deposit Mechanical sedimentary deposit

Placer deposit

The formation of placer deposit

Behind rock ledges or in Beneath
depressions in the waterfalls
stream bed

In bars along
stream

Behind
beaver dam

In beach
sadiment

Figure 5.10 Placer deposits form where water currents slow down and depaosit high-density minerals.




The FOrmatiQn of Minera| DepositWhere ore mineral

are found

Mechanical sedimentary deposit
Placer deposit

The origin of Gold placer deposit

Position of wein
uncer soil

River floodplain

Crutlire of former
topography ’

-
s

I
| Wi “Posilion af vein
under soil

2
£ g rop

gl

o

of sand and gravel | i e e
: / : paystreak from former
stream channel

AR

L Granitic
o intlugion‘

" % x x

(&) Ancient river pattern

Modem placer
payslaak

(b} Modam river pattarn

< FIGURE 1312 The arigin of gold placer deposits. {a) An
ancient landscape with an eroding gold-quartz vein shedding
small amounts of gold and ather mineral grains that
eventuglly become stream sediments. The gold particles,
being heavier, setile to the bottom of the sediments in the
channgl. () The same region in modern time. Streams have
eroded and changed the landscape and now follow new
courses. The ariginal placer depasits of the ancient stream
channels are now elevated above the modem river valley as
‘bench’ placers.

category are copper, lead, zine, and nickel—which are
widely known and used, but nevertheless scarce—along
with the more obvious gold and platinum-group min-
erals. U.S. deposits of chromium, manganese, nickel
tin, and platinum-group metals are scarce or of sub-
marginal grade. Important, less-well-known scarce
metals include cobalt, columbium, tantalum, and cac-
mium, which are important in space-age ferroalloys
antimany, which is used as a pigment and as a fire re-




The Formation of Mineral Deposit Where ore mineral:

are found

(' Sedimentary Deposit ) MeChani%?;gzggfe‘;gt::Y deposit
|

Photograph of a retreat placer deposit exposed by
" northward migration of the Willapa Bay tidal inlet
~ at the southern end of the Grayland subcell.

"
o

Water flowering from a giant nozzle
washed gold-bearing gravels to sluices, &=
in the Yukon, Canada.



Mineral and Rock Resources Where ore minerals

are found

Per-capita consumption of mineral and rock resources
inthe US_, 1999

Crushed stone Sand an!:i gravel
5080 kg 3470 kg

Alurmirim
26 kg

® FIGURE 12.11 Per-ca 4111 l':f{ mineral
and n th i 2.2 1) Dt




Mineral and Rock Resources Where ore mineral

are found

U.S. Production
as % of U.S.
U.S. Primary Consumption®
U.S. Primary Production U.S. Consumplion
Production  as % of World U.S. Consumption as % of World' Primary

Material Total

aluminum® 3800 7 7500 33.0 51
chromium 522
cobalt 11.5
copper } 2950
1Iron Ore 57, 5.7 (8,400
lead i 1750
manganese ) 830
nickel

tin

2ine

gold

silver

!_"'I.,Itllllll'l‘. Broup

clays 42,200 . 37,600

3

gypsum 19,400 31,800

<
L

phosphate 11,300 k. 44,700
patash 300 5.2 5400
salt 41,400 7 48,900

sulfur 11,100 13,900

Nonmelals
o K
G =

[
L

sand and gravel,
construction AOS0,000 1.080,000

stone, crushed 610,000 , 1,570,000

stone, dimension
and facing 1040

Construction

1 production and consumplion figures in thousands of metric tons, except for gold, silver, and platinum-group metals, for which figures are in metric lons, a
construction materials, for which figures are in thousands of tons,
tAssumes that overall, world production approximates world consumption. This may not be accurate if, for example, recyeling is extensive
B*Primary™ and “Total” headings refer to U.S. production; total production includes production from recycled scrap.
“World data not available
oConsumption data not available
Consumption not available in tonnage. However, 5470 million worth nension stone was imported (value of domestic prod n, 5220 million, of whi
S51 million worth was exported)
“Partly from bauxile imports

Sonrce: Mineral Commeadity Swooearies 2000, US. Geological Surves




Mineral and Rock Resources Where ore mineral

are found

Aluminum
Chramium
Cobalt

United States share of global consumption ‘Copat
of selected materials L)
(Mineral commodity Summaries 2000,U.S. [t

Geological Survey).

Tin

Zinc
Gold |
Silver |
Gypsum ¢
Phosphalta
Fotash |

0 75 100

on

Commodity __Percent Major Sources (1995-1998)
Arsenic trioxide 100 | China, Chile, Mexlco
Bauxite and Alumina | 100 Awustralia, Guinea, Jamaica, Brazil
Bismuth 100 | Belgium, Mexico, United Kingdam, China
Columbivm (niobjumy | 100 | Brazil, Canada, Germany, Russia
Fluorite 100 | China, South Africa, Mexico
Graphite (natural) | RS 100 | Mexico, Canada, China, Madagascar
Manganese | 100 | South Africa, Gabon, Australia, France
Mica, sheet 100 | India, Belgium, Germany, China
Gemstones 99 | |srael, Belgium, India
Antimony | R B5 & China, Bolivia, Mexico, South Africa
Tin a5 " Brazil, Indanesia, Bolivia, China
Tungsten s R | China, Russia, Bolivia, Gemany
Chromiumm a0 | South Africa, Russia, Turkey, Zimbabwe
Potash 80 | Canada, Fussia, Belarus : 3
Tantalum a0} | Ausiralia, Thailand, China, Garmany PrOportlon Of UOS' mlneral needs
Stone (dimension) ??l | | Italy, India, Canada. Spain . . f
Cobalt 73 | Morway, Finland, Canada, Zambia
Rare earths 72] ! China.}Fraﬂce.Japan. United Kingdorm Supplled by lmports a percentage 0
lodine 58 | Chile, Japan, Russia .
Barite 3 67 | China, India, Maxico, Marocca apparent consumptlon
Nickal B3| Canada, Russla, Narway, Australia .
Alurninum 30 | Canada, Russia, Venezuela, Mexico : -
Sican |30 | Norwey, Fusda, Brazl, Ganati (Mineral commodity Summaries
Zinc | a0 | Canada, Mexico, Feru .
Gypsum | 29 | Canada, Mexico, Spain )
Magr‘-esiurrlyrr:etal 29 | Canada. Russia, China, sragl 20009U'S' GeOlOglcal Survey °
Copper 27 Canada, Chile, Mexica
Nitragen (fixed), Ammonia | 26 Trinidad and Tobago, Canada, Mexico, Veneruela
Lead 20 Canada, Mexico, Pem, Australia
Cadmium [ 19 Canada, Belgium, Germany, Australia
Iron ora 17 | Canada, Brazil, Venazuela, Australia
Sulfur | 17 | Canada, Mexico, Venezuela
Salt | 16] | Canada, Chile, Mexico, The Bahamas
Sitver [ 14 | Mexico, Canada, Peru, Chile
Asbestos 7] | Canada
Phosphate rock |T] | Morocco
Talc |6 China, Canada, Japan
Beryllium |[2 i Kazakhstan, Russia, Canada, Germany




Mining Activities Mining
| ; . 1;:#“#:’ (Below) In the past, coal mining

b was done by hand. Notice the

i u.rl"frl,, .,__;r.-,n

_-.-'"-n oo

1_':11 Props :,ItId the truck that
was filled using shovels. The
seam being mined is less
than a meter I[h|-_|-._1 forcing,
miners to work on their knees.

R .-.:.:*'-.- S ; ‘}.ﬁ. SR 'h.,,-: : Fig sl
L S <, £ ‘:Jf’mw _«-- ': L e
--5’“‘1 i R ~%% SRR e

: (Brlan Knapp, BSc, PhD The earth resources, 2001)



Mining Activities Mining
Mining = The process or business of extracting ore
or minerals from the ground,

Mining is broadly divided into three basic methods:
1. opencast 2, underground and 3, fluid mining,




Mining Activities

A system used when level beds of mineral lie just
below the surface over a large area

Exposed ores ar coal
is removed and carried
away in durmnp trucks or
an conveyar bels.

The waste rock and soil, called the
overburden, is first remowved.,

The overburden from the most =o——__
racent strip fills the strip just mined. x‘“«

Back-filled land
is reclaim Ed.k o

P

-------

—
i Crre or coal seam
S close to the surface.

(Brian Knapp, BSc, PhD The earth resources, 2001)



Mining Activities Mining

opencast ) Open-pit mining

Where the mineral is shallow, and especially when it is
compact, mining can be done by digging an open pit

ofone) Benches around the sides
of a disused open-pit copper mine.




Mining Activities Mining

C opencast ) Stone Quarrying

Stone quarrying is designed to collect stone for
building, cement making, and the like, and also sand
and gravel for use in making concrete and other
building materials

glore) Portland hmestone, a
ic 1i e wirth very few

e
(Brlan Knapp, BSc, PhD The earth resources, 2001)



Mining Activities Mining

Cunderground) Underground Mining

Underground mining uses
either a horizontal tunnel, o
if there is access through a
valley side,

a sloping tunnel,

or a vertical shaft

» how,
METAMORPHIC AUREOLES wer ed with a
1all mi had i '
shaft that wouls TEE

B metal—no matter I'Ii:!"l‘n' per




Mining Activities

(fluid mining) Petroleum drilling

A,

May 13, 2007-- Galveston, Texas, USA-- oil is the blood of
Houston, we run because of oil. This oil rig is now a muesum
of off shore drilline. -- PHOTO BY ANDIEFE SMITH

.' ..-.-.
Y.
240 | VAN S

Mining




Mining Activities

MAJOR INDUSTRIAL ROCK- AND MINERAL-PRODUCING AREAS

™ Qarnat

Oypdum i
§ Anfydriie

T lodiss
G Kaalin
¢| Lilhizm

@ Magnssium
Compounds

B Mica

[d Ciivine

# Paal

[0 Perite

- Phoaphats
) Potash

‘ Puimica

& Quariz

) Bak

Silical
Indusirial Samd

"' Barlie
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lal Bentanite
™ Borabes

- B CaayiShala
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g Take

™ varmiculite

; Flucrite
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i Zaniies

(¥ Zirzan snd
dimaniin

® FIGURE 1.

=y . - . S 2 . . . S
2.2 Evena partial map of sites of mining for industrial rock and mineral resources shows that these activities are
widespread in the United States. Still more places are affected by mining for metal ores. Mineral Commodity Summaries 1996, LL5. Burern of Mines







Mineral Processing Mineral Processin

C )

Froth flotation is achieved when particles are separated
based on their surface potential, Hydrophobic particles

are recovered to the froth, whereas hydrophilic particles
are discharged with the tailings stream,

(Brian Knapp, BSc, PhD The earth resources, 2001)



Mineral Processing Mineral Processin

( Gravity separation )

Particles can be classified based on their specific gravity.

( Electrostatic separation )

Non-conducting particles maintain an electrostatic charge
induced electrically, and so remain pinned to a charged drum.

(Magnetic separation )

Minerals such as magnetite and pyrrhotite are naturally
magnetic, and so can be separated from non-magnetic
particles using strong magnets_.



M | ne ral Re CyC I | n g Mineral Processin

Metals,
Refine/process = chemicals,
cement, efc.

Resource Products
extraction (cars, appliances
structures, efc.)

Exploration

Disposal




‘ ﬁ Envi enta
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: Environmental Impact of Mineral Development
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Yellow boy discolors water and
smothers plant and animal life

on the streambed,

disrupting stream ecosystems.



vironmental
problem

Environmental Impact of Mineral Developmerllatrl

The metals and industrial minerals that mining produces
can find their way into the environment and become
pollutants,

Mining
Environment

Mineral Processing Destruction




. . Envir enta’
Environmental Impact of Mineral Development ;:§8jem

Acid mine drainage is polluted water that

AMD normally contains high levels of iron, aluminum,
and acid (Hadley, Snow 1974). Drainage acidity
arises from oxidation of pyrite, the crystalline
form of iron sulfide (Hadley, Snow 1974).

(The Oxidation of Pyrite )

e Ry = =

_____________

<+ ABURE 13.22 Pyrite reacts with air ang
sulfuric acid.



. . Environmenta
Environmental Impact of Mineral Development prﬂzm

(What Factors Influence the Quality of Mine Drainage?)

C Primary factors )C )C Tertiary factors )

Primary factors
influencing the amount
and quality of acidic
water are the relative
amount of water and
oxygen in the
environment. In order

Tertiary factors include

X i the physical
or pyrite to oxidize, characteristics of mining
oth oxygen and water waste, the spatial
must be present. Water relationship between
serves not only as a wastes, and the hydologic
reactant, but also as a regime.

reaction medium and a
product-transport
solvent (Forstner,
Salomons 1988).




vir ental
pr

I, and the brigge
= ._I.

Sl i e S L Photograph of Tinto River.
mine :'r:lra-;n: o S .. ( Credit - Carol Stoker)




vir ental
pr m

Environmental Impact of Mineral Developmer]f:trl

<J+ FIGURE 1330 Removal of mill tailings &t a Superfund site
Butte, Montana. Immense amounts of material must be
moved at some Superfund sites.

< FIGURE 1337 A placer gold mining operation near Fairbanks, | < FGURE1335 Preparation of a repository site for

Alaska. A downstream settling pond traps placer failings from| contaminated smelter-flue dust near Anaconda, Montana. The
the mine pit will have & heavy polyethelene liner.




Vir ental
m

Environmental Impact of Mineral Developmerllatrl

Another Contamination
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Conclusion

C Mineral and Sustainability )

Sustainable Growth

Sustainable Development

We need to find ways to use our resources more wisely
by finding substitutes, recycling, and conservation
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