Chapter 16: Geology and Nonrenewable Mineral Resources


Case Study


The General Mining Law of 1872


Some people have gotten rich by using the little-known U.S. General Mining Law of 1872. It was designed to encourage mineral exploration and the mining of hardrock minerals (such as gold, silver, copper, zinc, nickel, and uranium) on U.S. public lands and to help develop the then sparsely populated West.


Under this law, a person or corporation can get mining rights for hardrock minerals or assume legal ownership for parcels of land on essentially all U.S. public land except parks and wilderness by patenting it. They state that they believe the land contains valuable hardrock minerals and promise to spend $500 to improve the land for mineral development. They can also pay the federal government $6–12 per hectare ($2.50–5.00 an acre) to buy the land. Then they can use it for essentially any purpose, mine it, lease it, build on it, or sell it. People have built golf courses, hunting lodges, hotels, and housing subdivisions on public land that they bought from taxpayers at 1872 prices.


So far, public lands containing an estimated $240– 385 billion (adjusted for inflation) of publicly owned mineral resources have been transferred to private interests at 1872 prices. Domestic and foreign mining companies operating under this law remove mineral resources worth at least $2–3 billion per year on once public land they bought this way.


In addition, the Congressional Budget Office estimates that mining companies remove hardrock minerals worth at least $650 million per year from public land that has not been transferred to private ownership.


About 20% of the mining rights for U.S. public lands are owned by foreign countries. Hardrock mining companies pay no royalties on the minerals they extract from such lands.


In 1992, the 1872 law was modified to require mining companies to post bonds to cover 100% of the estimated cleanup costs in case they go bankrupt. In the past this was not required. As a result, cleaning up land and streams (Figure 16-1) damaged by more than 550,000 abandoned hardrock mines (mostly in the West), would cost U.S. taxpayers $33–72 billion!


Mining companies are lobbying Congress to overturn or greatly weaken the pollution bond requirement.


Mining companies defend the 1872 law, pointing out that they must invest large sums (often $100 million or more) to locate and develop an ore site before they make any profits from mining hardrock minerals.


In addition, their mining operations provide high paying jobs to miners, supply vital resources for industry, stimulate the national and local economies, reduce trade deficits, and save American consumers money on products produced from minerals.


Environmentalists call for revising the law to ban the patenting (sale) of public lands but allow 20-year leases of designated public land for hardrock mining.


They would also require mining companies to pay a gross royalty of 8–12% on the wholesale value of all minerals removed from public land—similar to what oil, natural gas, and coal companies pay. Environmentalists also want much stricter requirements for cleanup of any environmental damage caused by mining companies.


Canada, Australia, South Africa, and other countries that are major extractors of hardrock minerals have laws that require royalty payments and full responsibility for environmental damage. What is your opinion on this issue?


Figure 16-1 This polluted creek in Montana is one example of how gold mining on public or nonpublic land can contaminate water with highly toxic cyanide or mercury used to extract gold from its ore. In addition, air and water convert the sulfur in gold ore to sulfuric acid, which releases toxic metals such as cadmium and copper into streams and groundwater. Until recently, companies mining for hardrock minerals on public lands were not required to clean up such environmental harm.
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Civilization exists by geological consent, subject to change without notice.


WILL DURANT


This chapter discusses the earth’s basic geological processes and the nonrenewable mineral resources we use. It addresses the following questions:


What major geologic processes occur within the earth and on its surface?


What are the hazards from earthquakes and volcanic eruptions?


What are rocks, and how are they recycled by the rock cycle?


How do we find and extract mineral resources from the earth’s crust?


Will there be enough nonrenewable mineral resources for future generations?


16-1 GEOLOGIC PROCESSES


Is the Earth a Stable or a Dynamic Planet?


Change Is the Norm


The planet we live on is constantly changing as a result of processes taking place on and below its surface.


Geology, the subject of this chapter, is the science devoted to the study of dynamic processes occurring on the earth’s surface and in its interior. Geologists study and analyze rocks and the features and processes of the earth’s interior and surface. Some of these processes lead to geologic hazards such as earthquakes and volcanic eruptions, and others produce the renewable soil and nonrenewable mineral and energy resources that support life and economies.


You probably think of the ground you stand on as stable and unmoving. Wrong. It is part of a dynamic planet whose surface and interior are constantly changing. Fortunately, most of these geologic changes take place very slowly on our short human time scale and most occur out of sight within the earth’s interior.


Over eons continents have moved to new positions, breaking apart and crunching into one another (Figure 5-8, p. 95). Inside the earth, huge cyclical flows of molten rock break the earth’s surface into a series of gigantic plates that move very slowly across the planet’s surface. Go outside and you are standing on one of these moving plates. Hard to believe, isn’t it?


Energy from the sun and from the earth’s interior, coupled with the erosive power of flowing water, have created continents, mountains, valleys, plains, and ocean basins in an ongoing process that continues to change the landscape. And every now and then the solid earth under our feet shakes, rattles, and rolls during an earthquake, or erupts like a punctured boil when a volcano forms or awakens after a long geological sleep.


What Is the Earth’s Structure? Living on a Layered Sphere


The earth’s three major zones are its core, mantle, and crust.


As the primitive earth cooled over eons, its interior separated into three major concentric zones, layers which geologists identify as the core, the mantle, and the crust (Figure 4-7, p. 60). In other words, beneath your feet is a crust of soil and rock floating on a mantle of partly melted and solid rock, which surrounds an intensely hot core. What we know about the earth’s interior comes mostly from indirect evidence such as density measurements, seismic (earthquake) wave studies, measurements of interior heat flow, lava analyses, and research on meteorite composition.


The core is the earth’s innermost zone. It is intensely hot and has a solid inner part, surrounded by a liquid core of molten or semisolid material.


A thick solid zone called the mantle surrounds the core. Most of the mantle is solid rock, but under its rigid outermost part is a zone—the asthenosphere—of very hot, partly melted rock that flows slowly and can be deformed like soft plastic.


The outermost and thinnest zone of the earth is called the crust. It consists of the continental crust, which underlies the continents (including the continental shelves extending into the oceans), and the oceanic crust, which underlies the ocean basins and covers 71% of the earth’s surface (Figure 16-2).


16-2 INTERNAL AND EXTERNAL GEOLOGIC PROCESSES


What Geologic Processes Occur within the Earth’s Interior? Welcome to the Hot Zone


Huge volumes of heated and molten rock move around within the earth’s interior.


We tend to think of the earth’s crust, mantle, and core as fairly static. But geologic processes taking place within the earth and on its surface, mostly over thousands to millions of years, bring about changes in these components (Figure 16-3, p. 334).


Geologic changes originating from the earth’s interior, called internal processes, generally build up the planet’s surface. Heat from the earth’s interior provides the energy for these processes, but gravity also plays a role.


Residual heat from the earth’s formation is still being given off as the inner core cools and the outer core
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cools and solidifies. Continued decay of radioactive elements in the crust, especially the continental crust, provides much of this heat flow from within. Heat from the core causes much of the mantle to deform and flow slowly like heated plastic.


Measurements of heat flow within the earth suggest that two kinds of movement occur in the mantle’s asthenosphere. One is convection cells or currents that move large volumes of rock and heat in loops within the mantle like a giant conveyer belt (Figure 16-3). Internal heat pushes soft rock in the mantle’s asthenosphere upward, then downward as the rock cools. This pattern resembles convection in the atmosphere (Figure 6-9, p. 107) or in a pot of boiling water (Figure 3-11, left, p. 45).


The second type of movement involves mantle plumes, in which mantle rock flows slowly upward in a column (Figure 16-3), like smoke from a chimney on a cold, calm morning. When the moving rock reaches the top of the plume, it moves out in a radial pattern, as if it were flowing up an umbrella through the handle and then spreading out in all directions from the tip of the umbrella to the rim. There is a lot going on beneath your feet.


What Is Plate Tectonics? The Earth Is Moving


Huge solid plates—called tectonic plates—move extremely slowly across the earth’s surface.


The flows of energy and heated material in the mantle convection cells cause about 15 huge rigid plates, called tectonic plates, to move extremely slowly across the earth’s surface (Figure 16-3 and Figure 16-4, p. 335). These plates are about 100 kilometers (60 miles) thick. They are composed of the continental and oceanic crust and the rigid, outermost part of the mantle (above the asthenosphere), a combination called the lithosphere.


These plates move constantly, supported by the slowly flowing asthenosphere. They are somewhat like large icebergs floating extremely slowly on the surface of an ocean or like the world’s largest and slowest-moving surfboards. Some plates move about 1 centimeter (slightly more than a third of an inch) a year. Others at a seafloor spreading zone can move as much as 18 centimeters (7 inches) a year. You are riding or surfing on one of these plates throughout your entire life, but the motion is too slow for you to notice.


The theory explaining the movements of the plates and the processes that occur at their boundaries is called plate tectonics. The concept, which became widely accepted by geologists in the 1960s, was developed from an earlier idea called continental drift.


Throughout the earth’s history, continents have split and joined as plates have very slowly drifted thousands of kilometers back and forth across the planet’s surface (Figure 5-8, p. 95).


As these plates collide, break apart, and slide by one another over millions of years, they produce mountains on land (such as the Himalayas and the Appalachian Mountains of the eastern United States), huge ridges and trenches on the ocean floor, and other features of the earth’s surface (Figures 16-2 and 16-3).


These movements and geological processes continue today. Natural hazards such as volcanoes and earthquakes are likely to be found at plate boundaries. In addition, plate movements and interactions affect the


Oceanic crust (lithosphere) Abyssal hills Abyssal floor Oceanic ridge Abyssal floor Trench Abyssal plain Folded mountain belt Craton
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Continental crust (lithosphere) Mantle (lithosphere) Mantle (lithosphere)


Volcanoes


Abyssal plain


Figure 16-2 Natural capital: major features of the earth’s crust and upper mantle. The lithosphere, composed of the crust and outermost mantle, is rigid and brittle. The asthenosphere, a zone in the mantle, can be deformed by heat and pressure.
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earth’s climate and concentrate many of the minerals we extract and use.


The theory of plate tectonics also helps explain how certain patterns of biological evolution occurred.


By reconstructing the course of continental drift over millions of years, scientists can trace how species migrated from one area to another when continents that are now far apart were still joined together. As the continents separated, populations became geographically and reproductively isolated, and speciation occurred.


In other words, tectonic plates have played a major but mostly unnoticed role in the drama of life that continues to unfold on our planetary home.


What Types of Boundaries Occur between the Earth’s Plates? Moving Apart, Colliding, and Sliding


The earth’s tectonic plates move apart, push together, and slide past one another.


Lithospheric plates have three types of boundaries (Figure 16-5, p. 336). One is a divergent plate boundary, where the plates move apart in opposite directions.


A second type is a convergent plate boundary, where the plates are pushed together by internal forces (Figure 16-5, middle). When an oceanic plate collides with a continental plate, the continental plate
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One is subducted back into the mantle on falling convection current.
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Figure 16-3 Natural capital: the earth’s crust is made up of a series of rigid plates, called tectonic plates, which move around in response to forces in the mantle.


usually rides up over the denser oceanic plate and pushes it down into the mantle in a process called subduction. The area where this collision and subduction takes place is called a subduction zone. Over time the subducted plate melts and rises back to the earth’s surface as molten rock or magma. A trench ordinarily forms at the boundary between the two converging plates. Stresses in the plate undergoing subduction cause earthquakes at convergent plate boundaries.


The third type of boundary is a transform fault, which occurs where plates slide and grind past one another along a fracture (fault) in the lithosphere (Figure 16-5, bottom). Most transform faults are on the ocean floor but a few are found on land. An example is the North American Plate and the Pacific Plate that slide and rub past each other along California’s San Andreas Fault. As a result, southern California is slowly moving along this transform fault toward northern California. Sometime perhaps 30 million years from now the geographical area we now call Los Angeles will probably slowly grind and slide by the geographical area now known as San Francisco. But by then neither of these areas will exist as we know them today. This is fascinating stuff from a geological perspective of the earth’s history but is not a problem that we need worry about.


What Geologic Processes Occur on the Earth’s Surface? Erosion and Weathering


Water and wind move large amounts of soil and broken-down pieces of rock from one place to another.


Geologic changes based directly or indirectly on energy from the sun and on gravity (rather than on heat in the earth’s interior) are called external processes. Internal processes generally build up the earth’s surface.


In contrast, external processes tend to wear it down and produce a variety of landforms and environments formed by the buildup of eroded sediment.


A major external process is erosion: the process by which material is dissolved, loosened, or worn away from one part of the earth’s surface and deposited elsewhere.


Flowing streams cause most erosion. Wind
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Divergent ( ) and transform fault ( ) boundaries INDIAN-AUSTRALIAN PLATE NAZCA PLATE ANTARCTIC PLATE PHILIPPINE PLATE PACIFIC PLATE NORTH AMERICAN PLATE CARIBBEAN PLATE COCOS PLATE SOUTH AMERICAN PLATE AFRICAN PLATE ARABIAN PLATE EURASIAN PLATE ANATOLIAN PLATE East Pacific Rise Reykjanes Ridge Mid- Indian Ocean Ridge Southeast Indian Ocean Ridge Mid- Atlantic Ocean Ridge Southwest Indian Ocean Ridge Carlsberg Ridge Transform fault Transform fault Transform fault Convergent plate boundaries Plate motion at convergent plate boundaries Plate motion at divergent plate boundaries CHINA SUBPLATE JUAN DE FUCA PLATE SOMALIAN SUBPLATE EURASIAN PLATE


Figure 16-4 The earth’s major tectonic plates. These bands correspond to the patterns for the types of lithospheric plate boundaries shown in Figure 16-5. What plate do you live on?


Weathering consists of the physical, chemical, and biological processes that break down rocks and minerals into smaller particles that can be eroded. There are three types of weathering processes. One is physical or mechanical weathering, in which a large rock mass is broken into smaller fragments. This is similar to what happens when you hammer a rock into pieces. The most important agent of mechanical weathering is frost wedging, in which water collects in pores and cracks of rock, expands upon freezing, and splits off pieces of the rock. This is also what causes most of the potholes we complain about in our roads and streets.


A second process is chemical weathering, in which one or more chemical reactions decompose a mass of rock. Most chemical weathering involves a reaction of rock material with oxygen, carbon dioxide, and moisture in the atmosphere and on the ground.


A third process is biological weathering, the conversion of rock or minerals into smaller particles through the action of living things. For example, lichens produce acids that can chemically weather rocks. And roots growing into and rubbing against rock can physically break it into small pieces.


16-3 NATURAL GEOLOGIC HAZARDS: EARTHQUAKES AND VOLCANIC ERUPTIONS


What Are Earthquakes? Shake, Rattle, and Roll


Earthquakes occur when a part of the earth’s crust suddenly fractures, shifts to relieve stress, and releases energy as shock waves.


Stress in the earth’s crust can cause solid rock to deform until it suddenly fractures and shifts along the fracture, producing a fault (Figure 16-5, bottom). The faulting or a later abrupt movement on an existing fault causes an earthquake that has certain features and effects (Figure 16-6).


Relief of the earth’s internal stress releases energy as shock waves, which move outward from the earthquake’s focus like ripples in a pool of water. Scientists measure the severity of an earthquake by the magnitude of its shock waves. The magnitude is a measure of the amount of energy released in the earthquake, as indicated by the amplitude (size) of the vibrations when they reach a recording instrument (seismograph).


Scientists use the Richter scale, on which each unit represents an amplitude 10 times greater than the next smaller unit. Thus a magnitude 5.0 earthquake is 10 times greater than a magnitude 4.0, and a magnitude 6.0 quake is 100 times greater than a magnitude 4.0 quake. Seismologists rate earthquakes as insignifi-
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Figure 16-5 Types of boundaries between the earth’s lithospheric plates. All three types occur both in oceans and on continents.


blowing particles of soil from one area to another is another cause. Human activities, particularly those that destroy vegetation that holds soil in place, accelerate erosion, as discussed in Section 14-3 (p. 279).


cant (less than 4.0 on the Richter scale), minor (4.0–4.9), damaging (5.0–5.9), destructive (6.0–6.9), major (7.0–7.9), and great (over 8.0).


Earthquakes often have aftershocks that gradually decrease in frequency over a period of up to several months, and some have foreshocks from seconds to weeks before the main shock.


The primary effects of earthquakes include shaking and sometimes a permanent vertical or horizontal displacement of the ground. These effects may have serious consequences for people and for buildings, bridges, freeway overpasses, dams, and pipelines. An earthquake is a very large rock-and-roll event.


Secondary effects of earthquakes include rockslides, urban fires, and flooding caused by subsidence (sinking) of land. Coastal areas can be severely damaged by earthquakes at sea that can generate huge water waves, called tsunamis (also called tidal waves, although they have nothing to do with tides) that travel as fast as 950 kilometers (590 miles) per hour.


You cannot outrun one of these waves.


One way to reduce loss of life and property from earthquakes is to examine historical records and make geologic measurements to locate active fault zones. We can also map high-risk areas (Figure 16-7), establish building codes that regulate the placement and design of buildings in areas of high risk, and increase research on projecting when and where earthquakes will occur.


Then people can decide how high the risk might be and whether they want to accept the risk and live in areas subject to earthquakes.


Engineers know how to make homes, large buildings, bridges, and freeways more earthquake resistant.


But this can be expensive, especially the reinforcement of existing structures.


What Are Volcanoes? Popping an Earth Cork


Some volcanoes erupt quietly and release flows of molten rock but others erupt explosively and spew large chunks of lava rock, ash, and harmful gases into the atmosphere.


An active volcano occurs where magma (molten rock) reaches the earth’s surface through a central vent or a long crack (fissure; Figure 16-8, p. 338). Volcanic activity can release ejecta (debris ranging from large chunks of lava rock to ash that may be glowing hot), liquid lava, and gases (such as water vapor, carbon dioxide, and sulfur dioxide) into the environment.


Volcanic activity is concentrated for the most part in the same areas as seismic activity. Some volcanoes erupt explosively and eject large quantities of gases and particulate matter (soot and mineral ash) high into the troposphere. Most of the particles of soot and ash soon fall back to the earth’s surface. But gases such as sulfur dioxide remain in the atmosphere and are converted to tiny droplets of sulfuric acid, many of which stay above the clouds and may not be washed out by rain for up to 3 years. These tiny droplets reflect some of the sun’s energy and can cool the atmosphere for 1–4 years.
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Two adjoining plates move laterally along the fault line Landslides may occur on hilly ground Epicenter Focus Shock waves Liquefaction of recent sediments causes buildings to sink Earth movements cause flooding in low-lying areas


Figure 16-6 Major features and effects of an earthquake.


No damage expected Minimal damage Moderate damage Severe damage Canada United States


Figure 16-7 Expected damage from earthquakes in Canada and the contiguous United States. This map is based on earthquake records. (U.S. Geological Survey)


Upwelling magma


Partially molten asthenosphere Solid lithosphere


magma reservoir extinct volcanoes central vent magma conduit


Other volcanoes erupt more quietly. They involve primarily lava flows, which can cover roads and villages and ignite brush, trees, and homes.


We tend to think negatively of volcanic activity, but it also provides some benefits. One is outstanding scenery in the form of majestic mountains, some lakes (such as Crater Lake in Oregon; see title page photo), and other landforms. Perhaps the most important benefit of volcanism is the highly fertile soils produced by the weathering of lava.


We can reduce the loss of human life and sometimes property from volcanic eruptions. One way is to use historical records and geologic measurements to identify high-risk areas so that people can try to avoid living in them. Other methods involve developing effective evacuation plans and trying to develop measurements that warn us when volcanoes are likely to erupt.


Scientists are studying phenomena that precede an eruption. Examples include tilting or swelling of the cone, changes in magnetic and thermal properties of the volcano, changes in gas composition, and increased seismic activity.


16-4 MINERALS, ROCKS, AND THE ROCK CYCLE


What Are Minerals and Rocks?


Hard Stuff


The earth’s crust consists of solid inorganic elements and compounds called minerals and masses of one or more minerals called rock.


The earth’s crust, still forming in various places, is composed of minerals and rocks. It is the source of almost all the nonrenewable resources we use: fossil fuels, metallic minerals, and nonmetallic minerals (Figure 1-6, p. 9). It is also the source of soil (Figure 4-25, p. 73) and of the elements that make up your body and the bodies of other living organisms. You are mostly water mixed with chemically transformed particles of minerals and rock and a small amount of air.


A mineral is an element or inorganic compound that occurs naturally and is solid with a regular internal crystalline structure. Some minerals consist of a single element, such as gold, silver, diamond (carbon), and sulfur. But most of the more than 2,000 identified minerals occur as inorganic compounds formed by various combinations of elements. Examples are salt, mica, and quartz.


Rock is a solid combination of one or more minerals that is part of the earth’s crust. Some kinds of rock, such as limestone (calcium carbonate, or CaCO3) and quartzite (silicon dioxide, or SiO2), contain only one mineral, but most rocks consist of two or more minerals.


What Are the Major Rock Types and How Are They Recycled? Really Slow Recycling


The earth’s crust contains igneous, sedimentary, and metamorphic rocks that are recycled by the rock cycle.


Based on the way it forms, rock is placed in three broad classes. One is igneous rock, formed below or on the earth’s surface when molten rock (magma) wells up from the earth’s upper mantle or deep crust, cools, and hardens. Examples are granite (formed underground) and lava rock (formed aboveground when molten lava cools and hardens). Although often covered by sedimentary rocks or soil, igneous rocks form the bulk of the earth’s crust. They also are the main source of many nonfuel mineral resources.


A second type is sedimentary rock. It is formed from sediment produced when existing rocks are weathered and eroded into small pieces, and trans-
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Figure 16-8 A volcano erupts when molten magma in the partially molten asthenosphere rises in a plume through the lithosphere to erupt on the surface as lava that can spill over or be ejected into the atmosphere. Chains of islands can be created by eruptions of volcanoes that then become inactive.


ported from their sources by water, wind, or gravity to downstream, downwind, or downhill sites. These sediments are deposited in layers that accumulate over time and increase the weight and pressure on underlying layers. A combination of pressure and dissolved minerals seeping through the layers of sediment crystallize and bind sediment particles together to form sedimentary rock.


Examples are sandstone and shale (formed from pressure created by deposited layers of sediment), dolomite and limestone (formed from the compacted shells, skeletons, and other remains of dead organisms), and lignite and bituminous coal (derived from plant remains). Some types of sedimentary rock are the result of crystals precipitating out of or growing in solutions and then being compacted in layers or drying out to leave crystals behind. An example is rock salt, which we know as table salt or sodium chloride (NaCl).


The third type is metamorphic rock, produced when a preexisting rock is subjected to high temperatures (which may cause it to melt partially), high pressures, chemically active fluids, or a combination of these agents. These forces can change or transform a rock by reshaping its internal crystalline structure and its physical properties and appearance. Examples are anthracite (a form of coal), slate (formed when shale and mudstone are heated), and marble (produced when limestone is exposed to heat and pressure).


The interaction of physical and chemical processes that changes rocks from one type to another is called the rock cycle (Figure 16-9). It recycles the earth’s three types of rocks over millions of years and is the slowest of the earth’s cyclic processes. It also concentrates the planet’s nonrenewable mineral resources on which we depend. Without the incredibly slow rock cycle you would not exist.
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Figure 16-9 Natural capital: the rock cycle is the slowest of the earth’s cyclic processes. The earth’s materials are recycled over millions of years by three processes: melting, erosion, and metamorphism, which produce igneous, sedimentary, and metamorphic rocks. Rock of any of the three classes can be converted to rock of either of the other two classes, or can be recycled within its own class.


quality, or whose existence is based on direct geologic evidence and measurements


Reserves: identified resources from which a usable nonrenewable mineral can be extracted profitably at current prices


Undiscovered resources: potential supplies of a nonrenewable mineral resource assumed to exist on the basis of geologic knowledge and theory but with unknown specific locations, quality, and amounts


Other resources: undiscovered resources and identified resources not classified as reserves Most published estimates of the supply of a given nonrenewable resource refer to reserves. Reserves can increase when new deposits are found or when higher prices or improved mining technology make it profitable to extract deposits that previously were too expensive to extract. Theoretically, all other resources could eventually be converted to reserves, but this is highly unlikely.


16-5 FINDING, REMOVING, AND PROCESSING NONRENEWABLE MINERAL RESOURCES


How Are Buried Mineral Deposits Found?


Underground Detective Work


Promising underground deposits of minerals are located by a variety of physical and chemical methods.


Mining companies use several methods to find promising mineral deposits. One is using aerial photos and satellite images to reveal protruding rock formations (outcrops) associated with certain minerals.


Also, planes can be equipped with radiation-measuring equipment to detect deposits of radioactive minerals such as uranium ore, and a magnetometer to measure changes in the earth’s magnetic field caused by magnetic minerals such as iron ore. Another method uses a gravimeter to measure differences in gravity caused by differences in density between an ore deposit and the surrounding rock.


Underground methods include drilling a deep well and extracting core samples. Scientists can also put sensors in existing wells to detect electrical resistance or radioactivity to pinpoint the location of oil and natural gas. Scientists also make seismic surveys on land and at sea by detonating explosive charges and analyzing the resulting shock waves to get information about the makeup of buried rock layers. Yet another method is to perform chemical analysis of water and plants to detect deposits of underground minerals that have leached into nearby bodies of water or have been absorbed by plant tissues.


What Are Nonrenewable Mineral Resources? Useful Rock Resources


Mineral resources are nonrenewable materials that we can extract from the earth’s crust.


A nonrenewable mineral resource is a concentration of naturally occurring material in or on the earth’s crust that can be extracted and processed into useful materials at an affordable cost. Over millions to billions of years the earth’s internal and external geologic processes have produced numerous nonfuel mineral resources and fossil fuel energy resources. Because they take so long to produce, they are classified as nonrenewable resources.


We know how to find and extract more than 100 nonrenewable minerals from the earth’s crust. They include metallic mineral resources (iron, copper, aluminum), nonmetallic mineral resources (salt, clay, sand, phosphates, and soil), and energy resources (coal, oil, natural gas, and uranium).


Ore is rock containing enough of one or more metallic minerals to be mined profitably. We convert about 40 metals extracted from ores into many everyday items that we either use and discard (Figure 3-18, p. 53) or learn to reuse, recycle, or use less wastefully (Figure 3-19, p. 53).


The U.S. Geological Survey divides nonrenewable mineral resources into four major categories (Figure 16-10):


Identified resources: deposits of a nonrenewable mineral resource with a known location, quantity, and
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Figure 16-10 Natural capital: general classification of mineral resources. (The area shown for each class does not represent its relative abundance.) In theory, all mineral resources classified as other resources could become reserves because of rising mineral prices or improved mineral location and extraction technology. In practice, geologists expect only a fraction of other resources to become reserves.
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How Are Buried Mineral Deposits Removed? Heavy Digging and Lifting


Shallow deposits of mineral deposits are removed by surface mining, and deep deposits are removed by subsurface mining.


After suitable mineral deposits are located, several different types of mining techniques are used to remove them, depending on their location and type. Shallow deposits are removed by surface mining, and deep deposits are removed by subsurface mining.


In surface mining, mechanized equipment strips away the overburden of soil and rock and usually discards it as waste material called spoils. Surface mining extracts about 90% of the nonfuel mineral and rock resources and 60% of the coal (by weight) that are used in the United States.


The type of surface mining used depends on the resource being sought and on local topography. There are several types of surface mining. One is open-pit


(a) Open Pit Mine (b) Dredging (c) Area Strip Mining (d) Contour Strip Mining


Figure 16-11 Major mining methods used to extract surface deposits of solid mineral and energy resources.


mining (Figure 16-11a), in which machines dig holes and remove ores (such as iron and copper), sand, gravel, and stone (such as limestone and marble). A second method is dredging (Figure 16-11b), in which chain buckets and draglines scrape up underwater mineral deposits.


A third method used where the terrain is fairly flat is area strip mining (Figure 16-11c). A gigantic earthmover strips away the overburden, and a huge power shovel digs a cut to remove the mineral deposit. Then the trench is filled with overburden and a new cut is made parallel to the previous one. The process is repeated over the entire site. If filling it does not restore the land, area strip mining leaves a wavy series of highly erodible hills of rubble called spoil banks.


Contour strip mining (Figure 16-11d) is used on hilly or mountainous terrain. A power shovel cuts a series of terraces into the side of a hill. An earthmover removes the overburden, a power shovel extracts the coal, and the overburden from each new terrace is to restore land that was disturbed by surface mining before the law was passed. But reclamation efforts are only partially successful and coal companies continue lobbying elected officials to have the law weakened or to choke off funds for its enforcement.


Subsurface mining (Figure 16-12) removes coal and various metal ores that are too deep to be extracted by surface mining. Miners dig a deep vertical shaft, blast subsurface tunnels and chambers to get to the deposit, and use machinery to remove the ore or coal and transport it to the surface.


Subsurface mining disturbs less than one-tenth as much land as surface mining and usually produces less waste material. But it leaves much of the resource in the ground and is more dangerous and expensive than surface mining. Hazards include cave-ins, explosions, and lung diseases (such as black lung) caused by prolonged inhalation of mining dust.
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dumped onto the one below. Unless the land is restored, a wall of dirt is left in front of a highly erodible bank of soil and rock called a highwall.


Another method is mountaintop removal. It uses explosives, massive shovels, and huge machinery called draglines to remove the top of a mountain and expose seams of coal underneath. The resulting waste rock and dirt is pushed down into the nearest streams and valleys below. This form of surface mining—increasingly used in West Virginia—causes considerable environmental damage.


Although surface-mined land can be restored (except in arid and semiarid areas), it is expensive and not done in many countries. In the United States, the Surface Mining Control and Reclamation Act of 1977 requires mining companies to restore most surface-mined land so it can be used for the same purpose as before it was mined. The act also levied a tax on mining companies


(a) Underground Coal Mine


Ventilation shaft Main shaft Coal seams Shaft Lift cage Pumps


(c) Longwall Mining of Coal


(b) Room-and-Pillar


Figure 16-12 Major mining methods used to extract underground deposits of solid mineral and energy resources (primarily coal). (a) Mine shafts and tunnels are dug and blasted out. (b) In room-and-pillar mining, machinery is used to gouge out coal and load it onto a shuttle car in one operation, and pillars of coal are left to support the mine roof. (c) In longwall coal mining, movable steel props support the roof and cutting machines shear off the coal onto a conveyor belt. As the mining proceeds, roof supports are moved forward and the roof behind is allowed to fall (often causing the land above to sink or subside).


16-6 ENVIRONMENTAL EFFECTS OF USING MINERAL RESOURCES


What Are the Environmental Impacts of Nonrenewable Mineral Resources?


Degradation, Waste, and Pollution


Extracting, processing, and using mineral resources can disturb the land, kill miners, erode soils, produce large amounts of solid waste, and pollute the air, water, and soil.


The mining, processing, and use of mineral resources takes enormous amounts of energy and often causes land disturbance, soil erosion, and air and water pollution (Figure 16-13).


Mining can harm the environment in a number of ways. One is scarring and disruption of the land surface.


The Department of the Interior estimates that at least 500,000 surface-mined sites dot the U.S. landscape, mostly in the West. Cleanup costs are estimated in the tens of billions of dollars.


Another problem is collapse of land above underground mines. This subsidence can cause houses to tilt, sewer lines to crack, gas mains to break, and groundwater systems to be disrupted.


Toxin-laced mining wastes can be blown or deposited elsewhere by wind or water erosion. Another problem is acid mine drainage. It occurs when rainwater seeping through a mine or mine wastes carries sulfuric acid (H2SO4, produced when aerobic bacteria act on iron sulfide minerals in spoils) to nearby streams and groundwater (Figures 16-1 and 16-14, p. 344). This contaminates water supplies and can destroy some forms of aquatic life. According to the U.S. Environmental Protection Agency, mining has polluted about 40% of western watersheds.


Mining can also result in emission of toxic chemicals into the atmosphere. In the United States, the mining industry produces more toxic emissions than any other industry—typically accounting for almost half of such emissions. Finally, some forms of wildlife can be exposed to toxic mining wastes stored in holding ponds and leaking from such ponds.


What Is the Typical Life Cycle of a Nonrenewable Metal Resource? Going Around in Circles


Metal ores are extracted from the earth’s crust, purified, smelted to extract the desired metal, and converted to the desired products.


Figure 16-15 (p. 345) depicts the typical life cycle of a metal resource. It begins with extracting ore from the earth’s crust.


Ore typically has two components. One is the ore mineral containing the desired metal and the other is
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Disturbed land; mining accidents; health hazards; mine waste dumping; oil spills and blowouts; noise; ugliness; heat


Steps Environmental Effects


Mining exploration, extraction Solid wastes; radioactive material; air, water, and soil pollution; noise; safety and health hazards; ugliness; heat Use transportation or transmission to individual user, eventual use, and discarding Noise; ugliness; thermal water pollution; pollution of air, water, and soil; solid and radioactive wastes; safety and health hazards; heat Processing transportation, purification, manufacturing


Figure 16-13 Natural capital degradation: some harmful environmental effects of extracting, processing, and using nonrenewable mineral and energy resources. The energy used to carry out each step causes additional pollution and environmental degradation.


Percolation to groundwater


Subsurface Mine Opening Surface Mine


Runoff of sediment Acid drainage from reaction of mineral or ore with water Spoil banks Leaching of toxic metals and other compounds from mine spoil Leaching may carry acids into soil and groundwater supplies


Figure 16-14 Natural capital degradation: pollution and degradation of a stream and groundwater by runoff of acids—called acid mine drainage—and by toxic chemicals from surface and subsurface mining. These substances can kill fish and other aquatic life. Acid mine drainage has damaged more than 19,000 kilometers (12,000 miles) of streams in the United States, mostly in Appalachia and the West.
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waste material called gangue (pronounced “gang”).


Removing the gangue from ores produces piles of waste called tailings. Particles of toxic metals blown by the wind or leached from tailings by rainfall can contaminate surface water and groundwater.


After gangue has been removed, smelting is used to separate the metal from the other elements in the ore mineral. Without effective pollution control equipment, smelters emit enormous quantities of air pollutants, which damage vegetation and soils in the surrounding area. They also cause water pollution and produce liquid and solid hazardous wastes that must be disposed of safely.


Some companies are using improved technology to reduce pollution from smelting, thereby lowering production costs, saving costly cleanup bills, and decreasing liability for damages.


Once smelting has produced the pure metal, it is usually melted and converted to desired products, which are then used and discarded or recycled.


Are There Environmental Limits to Resource Extraction and Use?


A Serious Problem


Environmental damage caused by extraction, processing, and use of mineral resources can limit their availability.


Some environmentalists and resource experts do not believe that exhaustion of supplies is the greatest danger from continually increasing consumption of nonrenewable mineral resources. Instead, it is more likely to be the environmental damage caused by their extraction, processing, and conversion to products (Figure 16-13).


The environmental impacts from mining an ore are affected by its percentage of metal content, or grade. The more accessible and higher-grade ores are usually exploited first. As they are depleted, it takes more money, energy, water, and other materials to exploit lower-grade ores. This in turn increases land disruption, mining waste, and pollution.


For example, gold miners typically remove an amount of ore equal to the weight of 50 automobiles to extract a piece of gold that would fit inside your clenched fist. Most newlyweds would be surprised to know that about 5.5 metric tons (6 tons) of mining waste was created to make their two gold wedding rings. In Australia and North America, a mining technology called cyanide heap leaching is cheap enough to allow mining companies to level entire mountains containing very low-grade gold ore. Cyanide—a highly toxic chemical—is used to separate about 85% of the world’s gold from waste ore.


Currently, most of the harmful environmental costs of mining and processing minerals are not included in the prices for processed metals and the resulting consumer products. Instead, these costs are passed on to society and future generations, which gives mining companies and manufacturers little in-


Melting metal Conversion to product Discarding of product Scattered in environment Surface mining Metal ore Separation of ore from gangue Smelting Recycling
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16-7 SUPPLIES OF MINERAL RESOURCES


Will We Have Enough Nonrenewable Mineral Resources? Making Educated Guesses


The future supply of a resource depends on its available and affordable supply and how rapidly that supply is used.


The future supply of nonrenewable minerals depends on two factors. One is the actual or potential supply of the mineral and the other is the rate at which we use it.


We never completely run out of any mineral.


However, a mineral becomes economically depleted when it costs more to find, extract, transport, and process the remaining deposit than it is worth. At that point, there are five choices: recycle or reuse existing supplies, waste less, use less, find a substitute, or do without.


Depletion time is how long it takes to use up a certain proportion—usually80%—of the reserves of a mineral at a given rate of use (Figure 1-8, p. 11). When ex-


A B C Production Mine, use, throw away; no new discoveries; rising prices Recycle; increase reserves by improved mining technology, higher prices, and new discoveries Recycle, reuse, reduce consumption; increase reserves by improved mining technology, higher prices, and new discoveries Present Depletion time A Depletion time B Depletion time C Time


Figure 16-16 Depletion curves for a nonrenewable resource (such as aluminum or copper) using three sets of assumptions. Dashed vertical lines represent times when 80% depletion occurs.


perts disagree about depletion times, they are often using different assumptions about supply and rate of use (Figure 16-16).


The shortest depletion time assumes no recycling or reuse and no increase in reserves (curve A, Figure 16-16). A longer depletion time assumes that recycling will stretch existing reserves and that better mining technology, higher prices, and new discoveries will increase reserves (curve B, Figure 16-16). An even longer depletion time assumes that new discoveries will further expand reserves and that recycling, reuse, and reduced consumption will extend supplies (curve C, Figure 16-16). Finding a substitute for a resource leads to a new set of depletion curves for the new resource.


We can use geological methods to make fairly good estimates of the reserves of most resources (Figure 16-10, blue) and less accurate measurements of potential other supplies of mineral resources (Figure 16-10, red). Rising prices and improved mining technology can convert some of the other resources to reserves, but it is difficult to make accurate projections of how much this will add to the usable supply.


centive to reduce resource waste and pollution. Environmentalists and some economists call for phasing in full-cost pricing—including the cost of environmental harm done in the price of goods made from minerals.


Figure 16-15 Typical life cycle of a metal resource. Each step in this process uses energy and produces some pollution and waste heat.


HOW WOULD YOU VOTE? Should market prices of goods made from minerals include their harmful environmental costs?


Cast your vote online at http://biology.brookscole.com/miller14.


We do know that the demand for mineral resources is increasing at a rapid rate as more people consume more and more stuff. For example, since 1940 Americans alone have used up as large a share of the earth’s mineral resources as all previous generations put together, and this resource-use treadmill is speeding up.


Will we run out of affordable supplies of a particular mineral resource? No one knows. If we do, can we find an acceptable substitute? Some think we can. Are there environmental limits to the use of mineral resources?


Many environmentalists think so unless we can use microorganisms, or other less environmentally harmful ways, to extract and process minerals, or nanotechnology to construct materials we need from atoms and molecules.


How Does Economics Affect Supplies of Nonrenewable Minerals? Prices Can Make a Difference If the Market Is Truly Free


Arising price for a scarce mineral resource can increase supplies and encourage more efficient use.


Geologic processes determine the quantity and location of a mineral resource in the earth’s crust. But economics determines what part of the known supply is extracted and used.


According to standard economic theory, in a competitive free market a plentiful mineral resource is cheap when its supply exceeds demand. And when a resource becomes scarce its price rises. This can encourage exploration for new deposits, stimulate development of better mining technology, and make it profitable to mine lower-grade ores. It can also encourage a search for substitutes and promote resource conservation.


But according to some economists, this price effect may no longer apply very well in most developed countries. One reason is that industry and government in such countries often control the supply, demand, and prices of minerals to such an extent that a truly competitive free market does not exist.


Most mineral prices are artificially low because governments subsidize development of their domestic mineral resources to help promote economic growth and national security. In the United States, for instance, mining companies get depletion allowances amounting to 5–22% of their gross income (depending on the mineral). They can also reduce the taxes they pay by deducting much of their costs for finding and developing mineral deposits. In addition, hardrock mining companies operating in the United States can buy public land at 1872 prices or use public land and pay no royalties to the government on the minerals they extract (see the Case Study that opens this chapter).


Between 1982 and 2004, U.S. mining companies received more than $6 billion in government subsidies.


Critics argue that taxing rather than subsidizing the extraction of nonfuel mineral resources would provide governments with revenue, create incentives for more efficient resource use, promote waste reduction and pollution prevention, and encourage recycling and reuse of mineral resources.


Mining company representatives say they need subsidies and low taxes to keep the prices of minerals low for consumers and to encourage the companies not to move their mining operations to other countries with no such taxes and less stringent mining regulations.


Economic problems can also hinder the development of new supplies of mineral resources because exploring for them takes lots of increasingly scarce investment capital and is risky financially. Typically, if geologists identify 10,000 possible deposits of a given resource, only 1,000 sites are worth exploring; only 100 justify drilling, trenching, or tunneling; and only 1 becomes a producing mine or well. If you had lots of financial capital, would you invest it in developing a nonrenewable mineral resource?


Should More Mining Be Allowed on Public Lands in the United States?


There is controversy over whether to extract more mineral resources from public lands.


About one-third of the land in the United States is public land owned jointly by all U.S. citizens. This land, consisting of national forests, parks, resource lands, and wilderness (Figure 11-6, p. 198), is managed by various government agencies under laws passed by Congress.


For decades, resource developers, environmentalists, and conservationists have argued over how this land should be used. Extractors of mineral resources complain that three-fourths of the country’s vast public lands, with many areas containing rich deposits of mineral resources, are off limits to mining.


In recent decades, they have stepped up efforts to have Congress open up most of these lands to mineral development, sell off mineral-rich public lands to private interests, or turn their management over to state and local governments (which often can be more readily influenced by mining and development interests).


Since 2002, the Bush administration and Congress have expanded the extraction of mineral, timber, and fossil fuel resources on U.S. public lands.


Conservation biologists and environmentalists strongly oppose such efforts. They argue that this increases environmental degradation and decreases biodiversity.


Can We Get Enough Minerals by Mining Lower-Grade Ores? Taking It to the Limit


New technologies can increase the mining of low-grade ores at affordable prices, but harmful environmental effects can limit this.
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Some analysts contend that all we need to do to increase supplies of a mineral is to extract lower grades of ore. They point to the development of new earth-moving equipment, improved techniques for removing impurities from ores, and other technological advances in mineral extraction and processing.


In 1900, the average copper ore mined in the United States was about 5% copper by weight. Today it is 0.5%, and copper costs less (adjusted for inflation).


New methods of mineral extraction may allow even lower-grade ores of some metals to be used.


But several factors can limit the mining of lowergrade ores. One is the increased cost of mining and processing larger volumes of ore. Another is the availability of fresh water needed to mine and process some minerals—especially in arid and semiarid areas. A third limiting factor is the environmental impact of the increased land disruption, waste material, and pollution produced during mining and processing (Figure 16-13).


One way to improve mining technology is to use microorganisms for in-place (in situ, pronounced “in- SY-too”) mining. This biological approach removes desired metals from ores while leaving the surrounding environment undisturbed. It also reduces air pollution associated with the smelting of metal ores and reduces water pollution associated with using hazardous chemicals such as cyanides and mercury to extract gold.


Once a commercially viable ore deposit has been identified, wells are drilled into it and the ore is fractured.


Then the ore is inoculated with natural or genetically engineered bacteria to extract the desired metal.


Next the well is flooded with water, which is pumped to the surface, where the desired metal is removed.


Then the water is recycled.


This technique permits economical extraction from low-grade ores that are used more as high-grade ores are depleted. Currently, more than 30% of all copper produced worldwide, worth more than $1 billion a year, comes from such biomining. If naturally occurring bacteria cannot be found to extract a particular metal, genetic engineering techniques could be used to produce such bacteria.


However, microbiological ore processing is slow.


It can take decades to remove the same amount of material that conventional methods can remove within months or years. So far, biological mining methods are economically feasible only with low-grade ore for which conventional techniques are too expensive.


Can We Use Nanotechnology to Produce New Materials? Evaluating a New Technology That May Change the World


Building new materials from the bottom up by assembling atoms and molecules has enormous potential but could have potentially harmful unintended effects.


Nanotechnology is using science and engineering at the atomic and molecular level to build materials with specified properties from the bottom up. It involves finding ways to manipulate atoms and molecules as small as 1–100 nanometers—billionths of a meter— wide. For comparison, your unaided eye cannot see things smaller than 10,000 nanometers across and the width of a typical human hair is 50,000 nanometers.


This atomic and molecular approach to manufacturing uses raw materials of abundant atoms such as carbon, oxygen, and hydrogen and arranges them to create everything from medicines and solar cells to automobile bodies, hopefully with little environmental harm and without depleting nonrenewable resources.


One example is soccer-ball-shaped forms of carbon called buckyballs.


Nanotechnology scientists entice us with visions of a molecular economy. They include a supercomputer the size of a sugar cube that could store all the information in the U.S. Library of Congress, biocomposite materials smaller than a human cell that would make your bones and tendons super strong, designer molecules that could seek out and kill only cancer cells, foam with nanoparticles that could provide superthermal insulation, and windows, kitchens, and bathrooms that never need cleaning. The list could go on.


This research is in the early stages and tangible results are a decade away. But already nanotechnology has been used to develop stain-resistant and wrinkle-free materials for pants and sunscreens that block ultraviolet light.


Nobel laureate Horst Stormer says, “Nanotechnology has given us the tools . . . to play with the ultimate toy box of nature—atoms and molecules. . . .The possibilities to create new things appear limitless.” You might want to consider this rapidly emerging field as a career choice.


So what is the catch? What are some possible unintended harmful consequences of nanotechnology? One concern is that as particles get smaller they become more reactive and potentially more toxic because they have large surface areas relative to their mass. Another is that nanosize particles can get through the natural defenses of our bodies. They could easily reach the lungs and from there migrate to other organs, including the central nervous system, and to the bloodstream.


In 2004, Eva Olberdorster, an environmental toxicologist at Southern Methodist University, found that fish swimming in water loaded with buckyballs experience brain damage within 48 hours. Little is known about how buckyballs and other nanoparticles behave in the human body. But factories are churning out buckyballs and these and other nanoparticles are starting to show up in products from cosmetics to sunscreens and in the environment.


Many analysts say we need to do two things before unleashing widespread use of nanotechnology.
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First, carefully investigate its potential ecological, health, and societal risks. Second, develop guidelines and regulations for controlling and guiding its spread until we have better answers to many of the “What happens next?” questions about this technology.


Can We Get More Minerals from Seawater and by Mining the Ocean Floor? Some Problems


Most minerals in seawater cost too much to extract, and mineral resources found on the deep ocean floor are not being removed because of high costs and squabbles over who owns them.


Ocean mineral resources are found in seawater, sediments and deposits on the shallow continental shelf, hydrothermal ore deposits (Figure 16-17), and manganese- rich nodules on the deep-ocean floor.


Most of the chemical elements found in seawater occur in such low concentrations that recovering them takes more energy and money than they are worth.


Only magnesium, bromine, and sodium chloride are abundant enough to be extracted profitably at current prices with existing technology.


Deposits of minerals (mostly sediments) along the continental shelf and near shorelines are significant sources of sand, gravel, phosphates, sulfur, tin, copper, iron, tungsten, silver, titanium, platinum, and diamonds.


Rich hydrothermal deposits of gold, silver, zinc, and copper are found as sulfide deposits in the deep-ocean floor and around black smokers (Figure 16-17).


Currently, it costs too much to extract these minerals even though
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Magma


Black smoker Sulfide deposits White crab Tube worms White clam White smoker


Figure 16-17 Natural capital:


hydrothermal ore deposits form when mineral-rich superheated water shoots out of vents in solidified magma on the ocean floor. After mixing with cold seawater, black particles of metal ore precipitate out and build up as chimneylike ore deposits around the vents. A variety of organisms, supported by bacteria that produce food by chemosynthesis, exist in the dark ocean around these black smokers.


some of these deposits contain large concentrations of important metals.


Manganese-rich nodules found on the deep-ocean floor at various sites may be a future source of manganese and other key metals. They might be sucked up from the ocean floor by giant vacuum pipes or scooped up by buckets on a continuous cable operated by a mining ship.


So far these nodules and resource-rich mineral beds in international waters have not been developed because of high costs and squabbles over who owns them and how any profits from extracting them should be distributed among the world’s nations.


Some environmentalists believe seabed mining probably would cause less environmental harm than mining on land. But they are concerned that removing seabed mineral deposits and dumping back unwanted material will stir up ocean sediments, destroy seafloor organisms, and have potentially harmful effects on poorly understood ocean food webs and marine biodiversity.


They call for more research to help evaluate such possible effects.


earn from hardrock minerals they extract from public lands, and (c) making hardrock mining companies legally responsible for restoring the land and cleaning up environmental damage caused by their activities.


2. Describe what would probably happen if (a) plate tectonics stopped and (b) erosion and weathering stopped.


If you could, would you eliminate either group of processes? Explain.


3. Imagine you are an igneous rock. Act as a microscopic reporter and send in a written report on what you experience as you move through various parts of the rock cycle (Figure 16-9, p. 339). Repeat this experience, assuming in turn you are a sedimentary rock and then a metamorphic rock.


4. In the area where you live, are you more likely to experience an earthquake or a volcanic eruption? What can you do to escape or reduce the harm if such a disaster strikes? What actions can you take when it occurs?


5. Congratulations! You are in charge of the world. What are the three most important features of your policy for developing and sustaining the world’s nonrenewable mineral resources?


PROJECTS


1. Write a brief scenario describing the series of consequences to us and to other forms of life if the rock cycle stopped functioning.


2. What mineral resources are extracted in your area?


What mining methods are used, and what have been their harmful environmental impacts? How has mining these resources benefited the local economy?


3. Use the library or the Internet to find out where earthquakes and volcanic eruptions have occurred during the past 30 years, and then stick small flags on a map of the world or place dots on Figure 16-4 (p. 335) and compare their locations with the plate boundaries shown in this figure.


4. Use the library or the Internet to find bibliographic information about Will Durant and Ann Dorr, whose quotes appear at the beginning and end of this chapter.


5. Make a concept map of this chapter’s major ideas using the section heads, subheads, and key terms (in boldface). Look on the website for this book for information about making concept maps.


LEARNING ONLINE


The website for this book contains study aids and many ideas for further reading and research. They include a chapter summary, review questions for the entire chapter, flash cards for key terms and concepts, a multiple-choice practice quiz, interesting Internet sites, references, and a guide for accessing thousands of InfoTrac® College Edition articles. Log on to


http//biology.brookscole.com/miller14


Then click on the Chapter-by-Chapter area, choose Chapter 16, and select a learning resource.


Can We Find Substitutes for Scarce Nonrenewable Mineral Resources?


The Materials Revolution


Scientists and engineers are developing new types of materials that can serve as substitutes for many metals.


Some analysts believe that even if supplies of key minerals become too expensive or scarce, human ingenuity will find substitutes. They point to the current materials revolution in which silicon and new materials, particularly ceramics and plastics, are being developed and used as replacements for metals.


Ceramics have many advantages over conventional metals. They are harder, stronger, lighter, and longer lasting than many metals, and they withstand intense heat and do not corrode. Within a few decades we may have high-temperature ceramic superconductors in which electricity flows without resistance. Such a development may lead to faster computers, more efficient power transmission, and affordable electromagnets for propelling high-speed magnetic levitation trains.


High-strength plastics and composite materials strengthened by lightweight carbon and glass fibers are beginning to transform the automobile and aerospace industries. They cost less to produce than metals because they take less energy, do not need painting, and can be molded into any shape. New plastics and gels are also being developed to provide super insulation without taking up much space. And nanotechnology may result in many new materials.


Substitutes can be found for many scarce mineral resources. But finding substitutes for some key materials may be difficult or impossible. Examples are helium, phosphorus for phosphate fertilizers, manganese for making steel, and copper for wiring motors and generators.


In addition, some substitutes are inferior to the minerals they replace. For example, aluminum could replace copper in electrical wiring. But producing aluminum takes much more energy than producing copper, and aluminum wiring is a greater fire hazard than copper wiring.


Mineral resources are the building blocks on which modern society depends. Knowledge of their physical nature and origins, the web they weave between all aspects of human society and the physical earth, can lay the foundations for a sustainable society.


ANN DORR


CRITICAL THINKING


1. Explain why you support or oppose each of the following proposals concerning extraction of hardrock minerals on public land in the United States: (a) not granting title to public lands in the United States for actual or claimed hardrock mining, (b) requiring mining companies to pay a royalty of 8–12% on the gross revenues they
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