Forestry and Natural Resources

Unit5:  Energy, Minerals and Metals

Unit 5:  Energy, Minerals and Metals

Lesson 3:  Metals and Minerals

Duration:  One Hour

Students will be able to:

1. Discuss the importance of metals and minerals to agriculture, manufacturing and construction.

2. Compare and contrast various processes by which minerals are formed.

3. Identify metals and minerals as abundant or scarce.

Suggested Activities:

5.3A
Metal and Mineral Inventory:  Students keep a record of the various manmade structures and devices they encounter in a typical day.  They create an inventory of the various metals and minerals represented by the items on their list.

Teaching Outline:

A.
Metals and minerals:  are important commodities because they increase the standard of living; they promote greater agricultural yield, contribute to the structural framework of urban areas, or a source of raw materials for technology, and support economic stability.

1.
Mineral formation:  minerals are found anomalously high as ore deposits.  Metals such as copper, gold, and silver are made available by geologic and biological processes.  Elements and minerals may be dissolved in solution, transported and deposited as mineral reserves.

a.
Plate boundaries:  are associations of relatively light continental rock that ‘float’ upon the lithosphere and move toward, away, or alongside each other.  

i.
Divergent Boundaries expose hot, molten rock to cold oceanic water.  
The superheated water rises through fractured rock, leaching out metals, deposited as metal sulfides.

ii.
Convergent boundaries exert great pressures upon water saturated rock, partially melting them and precipitating out dissolved metals.  These form of mineral production tends to be associated with shallower, cooler areas.

b.
Igneous Processes:  the cooling of magma results in the precipitation of crystals that become sorted according to their density.  Heavy crystals sink toward the bottom and lighter crystals rise to the top.

i.
High pressure and slow cooing may result in the formation of diamonds.

ii.
Circulating ground water that is enriched with dissolved elements and heated by contact with rocks may move laterally to cooler rocks and deposit its minerals.

c.
Sedimentary Processes:  water and wind segregate sediments by size, shape and density.  For example, the Placer Deposits of gold laden bedrock are exposed when streams erode and carry the gold to zones of less velocity, where they settle in open crevices or the bottom of pools.

i.
Marine evaporites:  solid deposits originating from evaporation, for example potassium, sodium, salt and gypsum.

ii.
Non-marine evaporites:  solids of sodium carbonate, sulfate, borate, nitrate, limited iodine, and strontium.

iii.
Brines: are liquids derived from wells, springs or inland lakes that form precipitates of bromine, iodine, calcium chloride, and magnesium.

d.
Biological Processes:  many minerals form as consequences of biological systems altering the abiotic component of the biosphere.  

i.
Iron ores were formed in sedimentary rock about 2 billion years ago.  The percent by volume of oxygen was negligible, therefore the strata laid down has a gray cast to it. As oxygen levels increased as a product of photosynthesis, red beds of oxidized iron were laid down.

e.
Weathering Processes: Chemical and mechanical decomposition of rock may release elements or minerals which are then transported and eventually deposited as ores.  

i.
Aluminum-rich igneous rock contains oxides of aluminum and iron; these ores are called bauxite.

ii.
Secondary enrichment when low-grade ores are subjected to acidic water that removes their metals, percolating through soil layers until they reach a concentrated zone low in oxygen.  This leachate is then deposited as metal concentrated sulfides.

f.
Other Mineral Sources:  

i.
Sulfide deposits, which contain zinc, copper, iron and silver may be leached by water temperatures of 350o C (660o F).  Cold seawater precipitates or drops the deposits near vents or blacksmokers forming black tower-like formations rich in metals.

ii.
Magnesium Oxide Nodules:  are formed as concentric rings around volcanic rocks or fossils.  The growth rate of these nodules is between 1-5mm/yr.  Their synthesis is a result of microbial or inorganic precipitation.  Magnesium (24%), iron (14%), copper (1%), and nickel (1%) are some of the valuable elements found in the nodules.

2.
Mineral Resources and Reserves:  chemical compounds, minerals, elements or rocks may be concetrated in a form that is concentrated enough to extract as a useable commodity.  A resource may become a reserve when a portion of the materials can be legally and economically extracted at the time of it’s evaluation.

a.
Categories of mineral resources depend on their general broad use in metal production, building materials, chemical industry, or agriculture.

i.
Abundant metals include iron, aluminum, chromium, magnesium, and titanium.

ii.
Scarce metals include copper, lead, zinc, tin, gold, and silver, platinum, uranium, mercury, and molybdenum.

iii.
Metallic minerals account for approximately 95% of all minerals consumed.

iv.
Non-metallic minerals such as nitrogen, potassium, sulfur, calcium are used at rates of 10-100million metric tons a year; principally as fertilizers or soil conditioners.

b.
Availability: of a particular mineral becomes a limitation which can be resolved four possible ways:

i.
Find more resources

ii.
Recycle what has already been obtained

iii.
Find a substitute

iv.
Do without

c.
Mineral Resource Uses:  may be classified as those that are rapidly consumed, those consumed with conservation, and those consumed with utilization of conservation and recycling.  The United States uses minerals for strategic purposes and as steel strengthening purposes.  Examples include cobalt, strontium, bauxite, graphite, and manganese

d.
Environmental Impact:  The effect of mining or extracting minerals depends on the quality of the ore, the mining procedures, the local hydrologic conditions, climate, rock type, size of the operation and topography.

i.
Land disturbances impair biological and chemical soil properties.

ii.
Toxic leachate poisons aquatic ecosystems and effects nutrient cycling.

iii.
Species diversity and distribution may be altered.
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