
Name:        ESS 315  
  
Lab # 7 Earth Resources    
           
Introduction  
 
Earth resources have played an integral part in shaping civilization.  Until the Industrial 
Revolution, consumption of Earth resources was negligible.  In today’s resource-based 
society every U.S. citizen accounts for the consumption of 1300 lbs. of steel, 65 lbs. of 
aluminum, 25 lbs. of copper, 15 lbs. of manganese, 15 lbs. of lead, 15 lbs. of zinc, and 35 
lbs. of other metals.  Energy consumption by each U.S. citizen equates to 8000 lbs. of oil, 
4700 lbs. of natural gas, 5150 lbs. of coal, and 1/10 of a lb of uranium (Taken from 
Youngquist, 1990. Mineral Resources and the Destinies of Nations). 
 
 
In the table below list seven raw earth resources that you use in everyday life.  What 
is the principal use of this resource and where is its source? 
 
Table 7-1  Earth Resources 
 
Earth Resource Use Source 
1.   
2.   
3.   
4.   
5.   
6.   
7.   
 
As the world population has grown over time earth resource use has increased.  
What other factors control rates of resource use? 
 
 
 
 
How are predictions about resource depletion made? 
 
 
 
What are the major sources of uncertainty in these predictions? 
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Metal Resources 
 
When humans use mineral resources, matter is neither created nor destroyed, although 
energy is consumed in changing the raw materials to useable forms.  Mineral resources 
are not uniformly distributed on or within the Earth.  Nations may be rich in some 
resources (e.g., the U.S. holds 58% of the world reserves of molybdenum), but lack 
adequate supplies of others (e.g., Japan and France must import almost all of their 
petroleum).  The non-uniform spatial distribution of Earth resources leads to trade in 
good times and war in bad times.  Mineral resources, like all commodities, are valued 
according to their availability. 
 
Aluminum Case Study 
 
Before 1885, no simple chemical process existed for refining aluminum.  Pure aluminum 
metal was extremely rare and valuable, and worldwide consumption was negligible.  For 
example, in 1852, aluminum cost $545 (1852 dollars) per pound!  
 
In 1885, Charles Hall, an undergraduate chemistry major at Oberlin College (OH), 
developed an inexpensive method for extracting aluminum from ore.  He established the 
Aluminum Company of America (Alcoa) and became a wealthy man.  His single 
technological breakthrough made a once scarce resource widely available. 
 
In today’s laboratory you will explore the redistribution of aluminum by tracking its 
history in soda cans. 
 
Aluminum in Earth’s Crust 
 
Aluminum (Al) is the third most abundant element in the Earth’s crust (Table 9-2) and is 
present in many common silicate minerals (i.e., feldspars, micas, and garnet).  The bonds 
between the Al atoms and O atoms are very strong in these minerals; thus, a tremendous 
amount of energy is required to separate them. 
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Table 7-2  
Weight % of Element in the Earth’s Continental Crust 
ELEMENT WT.% ELEMENT WT.% 
Oxygen (O) 46.60 Carbon (C) 0.020 
Silicon (Si) 27.72 Manganese (Mn) 0.095 
Aluminum (Al) 8.13 Sulfur (S) 0.026 
Iron (Fe) 5.00 Barium (Ba) 0.043 
Calcium (Ca) 3.63 Chlorine (Cl) 0.013 
Sodium (Na) 2.83 Chromium (Cr) 0.010 
Potassium (K) 2.59 Fluorine (F) 0.063 
Magnesium (Mg) 2.09 Zirconium (Zr) 0.016 
Titanium (Ti) 0.44 Nickel (Ni) 0.008 
Hydrogen (H) 0.14 Lead (Pb) 0.0013 
Phosphorous (P) 0.11 Others 0.011 
   
Aluminum Ores 
 
Although aluminum is very abundant on Earth, extracting it from silicate minerals 
requires too much energy to be practical.  Instead, aluminum is extracted from ore 
minerals in which the element is bound less tightly.  The distribution of these ore 
minerals is controlled by climatic factors; the vast majority of the world’s aluminum 
supply comes from tropical regions or areas that once had tropical climates in the 
geologic past. 
 
Why do you think that aluminum-bearing ores are more common in tropical 
locations than temperate? 
 
 
 
 
 
Soil and rock made up of aluminum oxides and hydroxides, such as gibbsite [Al(OH)3], 
are called laterite and bauxite.  Note that the U.S. lacks major aluminum deposits and 
currently imports 97% of its aluminum ore.  Examine the specimen of bauxite in the 
laboratory.  What other minerals do you see present in this Al-bearing ore? 
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Price of Aluminum Ore 
 
Like other commodities, the price of aluminum ore fluctuates daily on world financial 
markets.  We have provided you information about domestic aluminum production and 
use in the United States (see the last few pages of this lab). 
 
What was the average 1997 per kg price of ingot aluminum in the United States 
(note 2.205 lbs.=1 kg.)?   
 
 
 
What percentage of the world’s aluminum is produced in the United States? 
 
 
Who is our biggest supplier of imported aluminum? 
 
 
What percentage of our domestic aluminum production is from recycled scrap 
aluminum? 
 
 
 
How much did the U.S. pay to other nations for its imported portion of (1 metric ton 
= 1000 kg) aluminum it consumed in 1997? 
 
 
 
Energy Costs of Refining Aluminum 
 
The aluminum in laterite and bauxite must still be separated from oxygen and hydrogen, 
and then purified.  Although these bonds are quite weak individually, a large amount of 
electrical energy is required to refine any usable amount of aluminum.  For example, 
processing 1 kg of aluminum from ore requires 15.55 kilowatt hours of electricity.  
Consequently, aluminum refining is profitable only where energy is inexpensive. 
 
The most familiar use of aluminum is for beverage containers.  The aluminum in soda 
cans was extracted, processed, and shipped simply to transport a drink from one place to 
another.  What are more efficient ways? 
 
 
One aluminum beverage can weighs 15 g.  At $0.09/kilowatt hour, what is the cost of 
refining the aluminum in one can? 
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Using the approximation of 1 can/day per person, calculate the cost of the energy 
used in the refinement of aluminum cans consumed by the 45,000 students and 
faculty at the University of Washington in one year. 
 
 
 
 
The U.S. consumed 6,900,000 metric tons of aluminum in 1997.  At the rate cited 
above, what was the cost of the energy required refine that portion of aluminum 
that was not recovered from recycled scrap (refer to the attached data sheet)?  
 
 
 
 
 
It takes only 6% as much energy to recycle aluminum as to produce raw ore.  If all the 
aluminum in the above question was recycled aluminum, what would have been the 
cost of energy used to produce it? 
 
 
 
**At present, only about 50% of all aluminum cans are recycled in the U.S.  
 
 Energy Resources 
 
Most of the energy that we exploit originates as hydrocarbons.  Hydrocarbons such as 
petroleum are formed principally of hydrogen and carbon.  Together with oxygen, these 
elements are the main components of the organic portion of the earth.   
 
Energy resources including petroleum, coal and natural gas are termed “fossil fuels” 
because the hydrogen and carbon that form them were derived from living organisms tens 
or hundreds of millions of years ago.  Fossil fuels are non-renewable energy resources 
because the time required to form them from organic matter is, on a human time scale, 
essentially infinite. 
 
Petroleum 
 
Few discoveries have changed the course of human history more than the discovery of 
oil.  Before the first successful oil well was drilled in 1859, world oil production was 
only a few barrels a day, all of it collected from “seeps” where oil came naturally to the 
surface.  Today, world production exceeds 50,000,000 barrels daily (one barrel = 42 
gallons). 
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The discovery of oil and the ability to tap it in large volumes allowed unprecedented 
breakthroughs in transportation, agriculture, heating, cooling, lighting and extraction of 
other Earth resources.  It transformed humankind into a force capable of causing geologic 
change at rates far greater than natural processes.  In this section of the laboratory you 
will examine the future of the resource that has shaped the modern age. 
 
A Barrel’s Worth 
 
Given our society’s heavy dependence on petroleum, its current value on the world 
market is unnaturally low when compared with other products we consume in our daily 
lives.  In 1994, crude oil cost about $18 per barrel (42 gallons).  For comparison, 
estimate the “per barrel” cost of the following products. 
 
Table 7-3 Per Barrel Cost of Common Products 
 
product per gallon per barrel product per gallon per barrel 
Gasoline   Bottled 

Water 
  

Milk   Beer   
Orange Juice   Wine   
Soda Pop   Perfume   
   
 
Do you think that the prices of the above products accurately reflect the cost 
associated with them?  Consider which were locally produced, which are renewable, 
which require more processing. 
 
 
 
 
Historical Petroleum Production 
 
The petroleum we use accumulated in sedimentary rocks over the past half billion years, 
but it is quite possible that this 500-million-year legacy will be exhausted within your 
lifetime.  Table 7-4 summarizes global production and consumption of petroleum since 
1860. 
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Table 7-4  Global Petroleum Production Since 1860 
 
Decade Global Production Cumulative Global Production 
 (Million of Barrels) (Million of Barrels) 
1860 29 29 
1870 119 148 
1880 409 557 
1890 1033 1590 
1900 2186 3776 
1910 4282 8058 
1920 10,567 18,625 
1930 16,617 35,242 
1940 26,410 61,652 
1950 53,689 115,341 
1960 109,297 224,638 
1970 200,388 425,026 
1980 203,754 628,780 
1990 250,000 878,780 
2000 (predicted) 288,000 (predicted)  
 
 
What percent of total global petroleum consumption through 1999 occurred in the 
five decades between 1860 and 1909?   
 
 
 
 
What percent of total global petroleum consumption through 1999 occurred in the 
five decades between 1910 and 1959? 
   
 
 
What percent of total global petroleum consumption through 1999 occurred in the 
five decades between 1950 and 1999? 
 
 
 
Describe the overall trend in petroleum consumption indicated by your calculations.  
How can you account for this pattern of consumption? 
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Future Petroleum Production 
 
How much longer can petroleum resources last?  One of the earliest attempts to predict 
future petroleum production was made in the mid-1950’s by geologist M. King Hubbert 
for the American Petroleum Institute.  Hubbert used the “integral technique of 
prediction”, which suggests that production rises from the time of resource discovery, 
through a maximum, then declines again to zero production.  In a sense, this is an 
inverted form of the uniformitarian principle; future resource availability is predicted 
from the past production. 
 
 On the graph provided in Figure 7-1, plot decadal global production since 1860 
using the data in Table 7-4.  Note that the vertical axis is in billions of barrels. 
 
 
Describe how the rate of production changed over the period from 1960 to 1989.  If 
you only had data through 1989 to work with, when would you predict petroleum 
production to reach its peak? 
 
 
 
Does the prediction you made in the previous question hold true?   
 
 
Current estimates indicate that global oil production will peak between 2000 and 
2009. Using a different color or symbol on your graph, project your production 
curve into the future by assuming that production in coming decades will be the 
mirror image of that in the past-- i.e., that the curve will be symmetric about its 
maximum.  On the timelines below the chart, shade in areas corresponding to the 
lifetimes of your grandparents, your parents and yourself.  (You can approximate 
the times by assuming 30 years between generations and lifespans of 80 years).   
 
According to your plot, during what decade will global production fall to the level of 
1960?  How old will you be then? 
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