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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.  

If we do not have 
sufficient minerals in store, 
we live a life of more existence !!!

StarCraft— an award winning real-time 
strategy computer game developed by 
Blizzard Entertainment

http://www.thebestlinks.com/StarCraft.html
http://www.thebestlinks.com/Real__MM__time_strategy.html
http://www.thebestlinks.com/Real__MM__time_strategy.html
http://www.thebestlinks.com/Real__MM__time_strategy.html
http://www.thebestlinks.com/Real__MM__time_strategy.html


Understand the relationship 

between human population and resource utilization

Introduction - Learning Objectives

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.

http://www.fertilizeronline.com



So, what is our mission?
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

5. Do without

Mineral Resources Depletion Curves

It is impossible

Diagram of three hypothetical depletion curves 
for the use of mineral resources 

Geochemist Mineralogist Geologist



Resource Engineering

1. Economic mineral 
concentration

2. Where ore minerals
are found

3. Mining

4. Mineral Processing

5. Environmental problem



Resources and Reserves
From a practical viewpoint, resources are unsatisfactory

because it will not normally be extracted unless

extraction can be accomplished at a profit.

Portion of a resource

that is identified and is 

currently available to be 

legally extracted at a profit

Concentration of a naturally 

occurring mineral in or on 

the crust of Earth in a form 

that can now or potentially 

be extracted at a profit

ResourcesResources

ReservesReserves

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

Economic mineral 
concentration



Concentration Factor

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

=

The high concentration Factor 
= Rich Ore

Economic mineral 
concentration



Distribution of Mineral Resources

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)

Economic mineral 
concentration



The Formation of Mineral Deposit Where ore minerals
are found

Hydrothermal DepositHydrothermal Deposit

Sedimentary DepositSedimentary Deposit Metamorphic DepositMetamorphic Deposit

Igneous Ore DepositIgneous Ore Deposit



The Formation of Mineral Deposit Where ore minerals
are found

Igneous Ore DepositIgneous Ore Deposit

Magmatic activity gives rise to several different kinds of deposit.  

Typical types of igneous deposit

1. pegmatite deposit

2. Layered intrusion 

3. Kimberlite



The Formation of Mineral Deposit Where ore minerals
are found

Igneous Ore DepositIgneous 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 Mineral Deposit Where ore minerals
are found

Igneous Ore DepositIgneous 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 Mineral Deposit Where ore minerals
are found

Igneous Ore DepositIgneous 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 5km.

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

Layered mineral deposit; Red 
Mountain, Alaska. 

Chromite(FeCr2O4)

Granitic Rocks



The Formation of Mineral Deposit Where ore minerals
are found

Igneous Ore DepositIgneous Ore Deposit Kimberlite

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 
released from the rising magma and 
drive the eruption; they blow out the 
fragment-laden kimberlite to form the 
volcano's tuff ring and fill the pipe. 

Idealized diagram showing a typical 
South African diamond pipe and mine. 

Aerial view of Diamond Mine, Kimberly,   
South Africa.



The Formation of Mineral Deposit Where ore minerals
are found

Hydrothermal DepositHydrothermal Deposit

Sulfides can be deposited by hydrothermal circulation 
around  a spreading ridge.

Ore deposition in veins around a magma chamber.
Hydrothermal ore deposits from in various ways.

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. 



The Formation of Mineral DepositWhere ore minerals
are found

Hydrothermal DepositHydrothermal Deposit

Sulfer is a common 
constituent of magmatic
gases and fluids



The Formation of Mineral DepositWhere ore minerals
are found

Hydrothermal DepositHydrothermal Deposit



The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary 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



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

This residue is a chemical deposit of minerals. 

The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Surficial marine and nonmarine precipitation 

Evaporite deposit

Outcrop of banded-iron formation; northern Michigan.
Rock salt from an evaporate deposit. 



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

The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Surficial marine and nonmarine precipitation 

Residual deposit



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 DepositWhere ore minerals
are found

Sedimentary DepositSedimentary 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. 

The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Surficial marine and nonmarine precipitation 

Residual deposit - Bauxite

World Supply of Aluminum

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



The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary 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 DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Deep ocean precipitation

Manganese nodules

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

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.



The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Mechanical sedimentary deposit
Placer deposit

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 placer, 
meaning "sand bank".



The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Mechanical sedimentary deposit
Placer deposit

The formation of  placer deposit



The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Mechanical sedimentary deposit
Placer deposit

The origin of Gold placer deposit



The Formation of Mineral DepositWhere ore minerals
are found

Sedimentary DepositSedimentary Deposit Mechanical sedimentary deposit
Placer deposit

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

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



Mineral and Rock Resources
Per-capita consumption of mineral and rock resources 
in the U.S., 1999

Where ore minerals
are found



Mineral and Rock Resources
Per-capita consumption of mineral and rock resources  in the U.S., 1999

Where ore minerals
are found



Mineral and Rock Resources Where ore minerals
are found

United States share of global consumption 
of selected materials
(Mineral commodity Summaries 2000,U.S. 
Geological Survey).

Proportion of U.S. mineral needs 
supplied by imports a percentage of 
apparent consumption
(Mineral commodity Summaries 
2000,U.S. Geological Survey).



Mining Activities Mining

(Brian 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 Mining

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

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

opencastopencast Strip mining



Mining Activities Mining

opencastopencast

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

Open-pit mining

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



Mining Activities Mining

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

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

opencastopencast Stone Quarrying



Mining Activities Mining

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

Underground mining uses 
either a horizontal tunnel, 
if there is access through a 
valley side, 
a sloping tunnel,
or a vertical shaft 

undergroundunderground Underground Mining 



Mining Activities Mining

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 drilling. -- PHOTO BY ANDIE SMITH

fluid miningfluid mining Petroleum drilling



Mining Activities Mining



Mineral Processing 

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

Mineral Processing

Mineral processing, otherwise known as mineral dressing, 
is the practice of beneficiating valuable minerals from their 
ores. 



Mineral Processing Mineral Processing

FlotationFlotation

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 Processing

Gravity separationGravity separation

Particles can be classified based on their specific gravity.

Magnetic separationMagnetic separation

Electrostatic separationElectrostatic separation

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

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



Mineral Recycling Mineral Processing



Environmental Impact of Mineral Development
Environmental

problem

Yellow boy discolors water and 
smothers plant and animal life 
on the streambed, 
disrupting stream ecosystems. 

DANGER!!! 



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

Environment Environment 
DestructionDestruction

Environmental Impact of Mineral Development
Environmental 

problem

Mining

Mineral Processing



Environmental Impact of Mineral Development
Environmental

problem

AMDAMD
Acid mine drainage is polluted water that 
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 PyriteThe Oxidation of Pyrite



Environmental Impact of Mineral Development
Environmental

problem

What Factors Influence the Quality of Mine Drainage?What Factors Influence the Quality of Mine Drainage?

Primary factorsPrimary factors Secondary factorSecondary factor Tertiary factorsTertiary factors

Primary factors 
influencing  the amount 
and quality of acidic 
water are the relative 
amount of water and 
oxygen in the 
environment. In order 
for pyrite to oxidize, 
both oxygen and water 
must be present. Water 
serves not only as a 
reactant, but also as a 
reaction medium and a 
product-transport 
solvent (Forstner, 
Salomons 1988). 

A secondary factor is 
the neutralization of 
acids by the alkalinity 
released from the 
carbonate minerals in 
the mine waste and 
surrounding stratum 
(Forstner, Salomons
1988). 

Tertiary factors include 
the physical 
characteristics of mining 
waste, the spatial 
relationship between 
wastes, and the hydologic
regime. 



Environmental Impact of Mineral Development
Environmental 

problem

Photograph of Tinto River. 
(Credit - Carol Stoker) 



Environmental Impact of Mineral Development
Environmental 

problem

Another ContaminationAnother Contamination



Environmental Impact of Mineral Development
Environmental 

problem

Another ContaminationAnother Contamination



Conclusion 

Mineral and SustainabilityMineral 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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Hallstatt
Site in upper Austria where objects 

characteristic of the Early Iron Age (from c.
1100 BC) were first identified.

THANK YOU
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