Env Sys
Chapter 4 Notes

I. Minerals and Rocks

a. Where does it all come from? Minerals

i. Natural Resources: both non-living and living raw materials essential for our survival

ii. If we can’t grow it, we have to mine it

1. each person requires an average of 23,000 lbs/year

iii. Mineral Resources: a variety of Earth minerals such as:

1. metals

2. non-metals

3. building materials

4. fertilizers

5. ceramics

6. chemicals

7. fossil f
uels

b. Mineral Properties: Clues from Chemicals
i. Mineral: a solid, non-living substance having a crystal form

1. Some are composed of only 1 element

2. most are a combination of elements

ii. Crystal: a solid form of a substance whose atoms are arranged in a definite pattern, so its outer surfaces are plane faces in a symmetrical arrangement

1. Determines the mineral’s physical properties

a. Color: reflects chemicasl composition
b. Cleavage: tendencay of a mineral to break in a pereferred direction to to internal arrangement of atoms; not the same as the crystal face

c. Streak: color observed when rubbed/scratched across a ceramic plate: reflects chemical composition

d. Hardness: reflects internal structure and strength of bonds between atoms: scale from 1-10

i. Moh’s Hardness Scale: 1-talc to 10-diamond

e. Luster: the quality of reflected light from a mineral’s surface: dependent upon composition
f. Density: “heaviness” of mineral

g. Solubility: ability of a mineral to dissolve in natural solvents such as water

2. “Perfect” minerals are rarely found

a. Physical Weathering: caused by gravity and/or running water

b. Chemical weathering: caused by dissolution and/or oxidation

c. As minerals crystallize out of solution the often experience “crowding”.

iii. Mineral Examples
1. Sphalerite: contains Zinc

2. Quartz

3. Galena: Lead Sulfide

c. Rocks: The solid materials of Earth’s Crust

i. Rock: an assemblage of a mineral or various minerals

ii. Economic Mineral: a mineral having value to a society

iii. All rocks can be classified into 1 of 3 types
1. Igneous: result from the cooling and solidification of hot, fluid materials

a. Magma: the molten material that exists beneath the Earth’s surface

b. Lava: magma that escapes onto the surface

c. Divided into 2 main classifications

i. Extrusive: igneous rock formed by the cooling and hardening of lava poured onto the Earth’s surface; (usually smaller grained and really glassy)

1. Obsidian: quickly cooled; rock is glassy with few crystals.

2. Pumice: quickly cooled; filled with holes from gas bubbles

3. Gabbro: micro-crystalline rocks. Iron Rich
ii. Intrusive: igneous rock formed by the slower cooling and solidification of magma beneath the Earth’s surface

1. Granite: Coarsely-crystalline rocks

2. Metamorphic: formed when a pre-existing rock is re-crystallized due to high temperatures and/or pressures

a. Minerals are changed chemically AND rearranged

b. Gneiss: similar compositionally to granite: minerals are layered instead of appearing to be random

i. Schist: composed of platy minerals: uniform arrangement results in a shiny surface; often results from metamorphism of clay-rich rocks

1. Foliation: parallel or nearly parallel arrangements of play minerals (e.g. mica)

3. Sedimentary: rock formed from the erosional remnants of any of the 3 rock types

a. Sediments accumulate in low lying areas

b. Increasing pressure created by addition of sediments cause lithification: the compaction and cementation of individual grains to form rock
c. 2 major categories, depending on origins

i. Clastic: result from accumulation of particles of broken rock and the skeletal remains of dead organisms

ii. Chemical: chemical precipitation from solution: limestone and halite

d. Textural Characteristics of Rocks

i. Sediments or fossils: almost always indicates sedimentary rock

1. Large grained:
a. Conglomerates: rounded gravel-size pieces
b. Breccias: angular gravel-size pieces
2. Limestone: with or without fossils
3. Microscopic grained:

a. Shales: silt

b. Mudstones: clay

ii. Mineral or grain orientation: indicates conditions under which rock formed
1. Gneiss or foliation: conditions of extreme pressures

2. Random: no directional stress
iii. Crystal Size:

1. Large: slow cooling

2. Small to microscopic: rapid cooling

iv. Color: general mineral composition

1. lighter color: more quartz or calcite

2. darker color: more Iron and Magnesium

II. The Earth’s Structure and Plate Tectonics

a. A Layered Look at Earth

i. Lithosphere (crust): outermost layer of the Earth, consisting of a t rigid layer between 5 and 70 kilometers thick.

ii. Mantle: thickest layer average about 2800 km thick; contain more dense minerals than crust

1. Outer: minerals are soft and plastic
2. Inner: minerals are more rigid

iii. Core: central portion of the earth; radius of about 3500 km; contain Iron rich minerals

1. Outer: liquid

2. Inner: solid

b. Plate Tectonics

i. Crystal plates float on and are moved by the underlying asthenosphere
ii. 1960’s theory of continental drift

1. Alfred Wegner theorized mechanics of drift

a. Lithospheric plates move on convective forces within the asthenosphere

b. Created scientific controversy

iii. Now commonly accepted

iv. Helps explain many earth science events such as the distribution of earthquakes, volcanoes, and mineral deposits

III. Mineral Ores
a. Origin of Ore Minerals

i. Plate boundaries and their interactions help scientists understand Earth’s mineral resources

1. Boundaries are sites of heating, melting, cooling and crystallization
a. Major source of minerals in the crust

ii. Only 20 rock-forming minerals constitute most of the rocks on Earth

1. About 73% of the lithosphere is SiO2
2. Another 13% is Aluminum and Iron

3. 12% is Calcium, Sodium, Potassium, and Magnesium

4. Remaining 2% are trace elements-those occurring in very small quantities

a. Gold, Silver, Copper, Lead, Zinc, Nickel, Phosphorous, Sulfur and Chlorine
iii. Ore: any mineral that can be mined at a profit; any occurrence is a mineral deposit

iv. Ore bodies: deposits or local accumulations of ore in a mass of rock
b. How Minerals are concentrated

i. Replacement: when a mineral that is more chemically reactive that others comes into contact with a less reactive one, it will take for itself the space once occupied by the first mineral

ii. Immiscible Liquids: magma of differing compositions; separates into 2 or more layers, each containing distinct mineral assemblages

iii. Selective Crystallization: all minerals have differing crystallization temperatures

1. Ones that crystallize first often sink to the bottom of the magma

a. Creates a layered mineralized band
iv. Evaporation: chemically-rich solutions in lakes or seas become concentrated; when evaporation occurs, the water is removed, leaving only the concentrated mineral behind
1. Salts: Halite (NaCl), KCl, boron salts
2. Calcium Sulfates: gypsum and anhydrite
a. Used to make plaster of paris

3. Iron Formations: large deposits formed when Iron is precipitated in shallow seas

4. Manganese, Copper, Iron, Cobalt and other precipitate near black smokers: hot mineralized water that spouts from deep sea vents

v. Secondary Enrichment: Ground-water often carries high concentrations of dissolved elements; often precipitation out as solid minerals

1. Makes the original deposit richer by concentrating the mineral deposit so that it is an ore body
2. Occurs when a valuable resource is dissolved, carried downward or laterally and re-deposited in a concentrated form

vi. Residual Enrichment: the residue of valuable substance is left behind when other materials are dissolved and removed
1. Bauxite: main source of world’s Aluminum ore

c. Ore Minerals and Plate Tectonics

i. Two primary plate interactions that can result in the formation of ore minerals

1. Mid-Ocean Rifting (seafloor spreading): results in thinning of lithosphere

a. As magma rises to fill the Fractures created by the rifting process, newly mineralized zones are created
2. Subduction: plate collision, where the more dense plate is forced underneath the less dense plate
a. Results in overall thickening of crust: often accompanied by melting of overlying crust result in new mineral assemblages
b. Three types of subduction

i. Oceanic colliding with oceanic

1. Magmatic Arc: when magma is able to force way to surface; volcanoes form

ii. Continental colliding with oceanic: Andes Mountains; Cascade Ranges (US)

iii. Continental colliding with continental: Himalayas; Appalachians
IV. Exploring for and Developing Mineral Resources

a. Exploring for minerals today

i. There are four primary methods used for exploration; used in combination with each other.

1. Geophysical tools: all Earth’s materials have different physical properties that can be measured
a. Density

i. Sedimentary rocks are less dense that igneous or metamorphic rocks

ii. Ore deposits are the most dense

iii. Gravity’s pull is greater on more dense objects

1. Gravimeter measures the pull of gravity- results are plotted on a map

b. Magnetic Properties

i. Useful for measuring the amount of Iron rich mineral deposits

ii. Magnetometer: measures the force of magnetism at the Earth’s surface; plotted on a map
c. Seismic(sound waves): seismic reflection tells about the underground arrangement of rocks

i. Small shock (sound) waves are sent into the ground.  As they bounce back, they tell about the rocks below.

1. Tells information such as: depth of formation, possible composition, structure of rock formations
d. Radioactivity

e. Electrical Properties

2. Geochemical Tools: many chemicals or nutrients will concentrate in biotic or abiotic features.
a. Analyze plants and soils for anomalous concentrations of metals

3. Remote Sensing: a means of detecting Earth’s resources from a distance.

a. Aerial photography
b. Satellite imagery

i. Landsat: satellite that takes images of the Earth in different wavelengths; scientists can now see
1. Features/formations not visible to the eye

2. Presence of moisture in plants’ leaves

3. Existence of trace minerals/elements in soil.

4. Mapping, Collecting, and Drilling: although the previous methods are helpful, nothing replaces the need for “ground truth”; seeing what is actually out there.
a. In the field, scientists:

i. Take pictures
ii. Collect samples

iii. Plot features on geologic maps

iv. See firsthand
1. Outcrops and soils indicating rocks beneath the surface

2. Water flowing through the region

3. Vegetation of the area

5. Finally, all of this data is used to determine locations to drill; this is the only way to actually know if an ore body is present.

b. Mine it, Mill it, Concentrate it

i. Mining: method of extracting an ore so that it can be used

1. Determine type of method to use; dependent upon deposit’s:

a. Shape and thickness

b. Grade or quality
c. Depth below surface

d. Distance to transportation routes

e. Environmental restrictions posing threats to ecosystems or human communities

2. Mining methods:

a. Underground mining: reserved for deposits that are deep underground and higher in value

i. More dangerous and expensive that other types

ii. Less disruptive to the environment

b. Open pit mining (quarries): most common form for shallow deposits

i. Less dangerous and expensive

ii. More environmentally disruptive

c. Solution mining: used for soluble minerals; e.g. salt, potash, sulfur

i. Hot water is pumped via a drill hole into the mineral zone

ii. Minerals dissolve into a brine (solution)

iii. Brine is pumped out of the hole

iv. Minerals are concentrated by evaporation

ii. Once minerals are extracted they are not immediately in a useable form.

1. Gangue: unwanted material combined with the desired mineral (element)

a. Large quantities produced in mining

2. Milling: process of separating the desired, valuable ore minerals from the gangue

a. Process varies dependent on type of ore

i. Ore is crushed and ground to break away from gangue
ii. Further separation of particles by physical methods:

1. Washing
2. Flotation

3. Magnetic separation

b. Tailing: the residue that remains after the mineral has been separated from the gangue

c. Concentrated mineral is left which is sent to a smelter or refinery

i. Smelting: the fusing or melting of a concentrate to separate the metal(s) from other elements

ii. Refining: general term for process by which a metal is further processed to its finished form

3. Alloys: mixtures of metals that have different characteristics than their individual ingredients

a. About 75 metallic elements

b. Thousands of different combinations

c. Important for many reasons like:

i. Differing melting points

ii. Harder and stronger
iii. Resist corrosion better

V. Minerals, Society, and the Environment

a. Raw materials produced through mining are essential ingredients for every “convenience” we have

i. Insulation, roofing and hardware

ii. Lawns, gardens and landscaping
1. Inorganic commercial fertilizers

a. Nitrogen, phosphorous, potassium (N-P-K)

iii. Heating, cooling, plumbing and electrical

iv. Home electronics, computers, and appliances

1. Contain no fewer than 30 different metals and minerals

v. Windows, walls, siding, and bathrooms

vi. Automobiles

1. metals, minerals AND fossil fuels

vii. Foundations and streets

b. Economic and Political Issues
i. Increasing populations create increasing demands for resources

ii. Strategic Minerals: those considered essential for a country’s economic and defense needs; those needed to make:

1. Weapons

2. Satellite communications

3. Transportation parts

4. Medical equipment

c. Mineral resources are not evenly distributed around the globe

i. NO country has all of the minerals it needs; it must import some of the needed minerals

ii. Some countries that once were major producers are now in decline

1. Due to depletion of higher-grade resources

a. Now must rely on imports

2. May be cheaper when obtained from LDC’s (Less Developed Countries)

d. Mining and the Environment
i. Amount of environmental impact depends upon many factors

1. Geology of the mineral location

2. Quantity of mineral removed
3. Depth of the ore deposit

4. Surrounding water and soils
5. Mining method used

6. Nature of the milling process

ii. Land, water and air:

1. Many countries now have strict laws requiring reclamation after mining

a. Reclamation: post-mining process that involves:

i. Smoothing over the disturbed area

ii. Spreading over its stockpiled topsoil which was removed and saved prior to mining

iii. Replanting native vegetation

iii. Underground mining can cause surface subsidence (sinking of overlying land
iv. Can cause water pollution:

1. If tailing and other waste materials are exposed to precipitation, surface water, or shallow groundwater

v. Can cause air pollution:

1. Dust from mining operation creates local pollution

2. Smelting creates local regional pollution

3. Can pose health hazards to not only miners, but those who live near mining activities

e. Environmental costs: laws, rules, and regulation mandate that:

1. Tailings must be disposed of properly

2. Water used in mining, milling, and refining must be cleaned before discharge into bodies of surface water

3. Mined land can be reclaimed for other uses
ii. Immediate costs may be high, but in the long run, the benefit everyone

f. Wise use of Minerals

i. Mineral resources are considered non-renewable or limited:

1. Because of their method of formation, especially the length of time

2. Require careful use

ii. Conservation Strategies

1. Substitution: exchange one mineral for another

2. Recycling: a conscious effort to conserve mineral resources by slowing down the scattering of useful resources in the form of waste and scrap

a. Make people economically responsible for their own pollution

3. Taxation: economic incentives that encourage conservation while providing additional revenues
a. Severance tax: tax imposed on companies mining minerals; minerals belong to each state, must compensate state for loss
g. Where do we mine next?

i. Many of the high-grade, easily found deposits have been used up

ii. Much of the regions left for exploitation are designated wilderness areas (in the US)

