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T 	How TO USE THIs PAMPHLET 
The secret to successfullv earning a merit badge is for you to use both 
the pamphlet and the sae:::ns o: aur counselor. 

- 	Your counselor can be as important to you as a coach is to an athiete. 
Use all of the resour:s vour counselor can make available to vou. 

. 	This av be tie best chance vou will have to learn about this particular 
sube:. Ma:;. 	count. 

2 . 	
k' 	

. 	
i If vou or vo,jr counselor tee!s that an !nformanon n this parn. phiet is 

incorrec:. 	us k::.v. Pease s:a:: ':our sourc :f infr:::ation. 

Merit badge pamphlets are reprinted annual. nd requiremenis 
lated regularly. Vour suggestions for improvement are welcome. 

S-3 :d comme-,5 along with a brief staterrient abot:t ':ourse!f ta National 
Committee, S209 • Bov Scauts of Accecica • 

2., si Walnut Hill Laue • P0. Box 152079 • lr.tc, TX 150- -2079 • 
1 merit.badge15cc.:::ng.org. 

*t L___......_...__________________________________ 

WHO PAYS FORTHIS PAMPHLET? 
This merit badge namphlet is one in a series of more than 100 cover 
all kinds of hob'-, and career sects. lt is macc- a:aila2c for you 
to buv as a service of the national and local councils, Boy Scouts 
Am:t:a. The cc 	of the de. - copnie:.. .::t:z, 	of tl 
mer' -, ' ,.adge nw . eis are r . for LI 	DZ  

-j 	order to brn:2 .ou the e: book at a reasona: - .e price. 
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On aur cover: Mining provides the 30 minerals it takes to make a smart-
phone and up to 12 for a bicycte. Mining equipment, typicalty enormous 
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1. Do the following: 

a. Select 10 different minerals. For each one, name a product 
for which the mineral is used. 

b. Explain ehe role mining has in producing and processing 
things that are grown. 

c. From ehe list of minerals you chose for requirement la, 
determine the countries where those minerals can be found, 
and discuss what you learned with your counselor. 

2. Obtain a map of your state or region showing major cities, 
highways, rivers, and railroads. Mark the locations of five mm-
ing enterprises. Find out what resource is processed at each 
location, and identify the mine as a surface or underground 
operation. Discuss with your counselor how the resources 
mied at these locations are used. 

3. Discuss with your counselor the potential hazards a miner may 
encounter at an active mine and the protective measures used 
by miners. In your discussion, explain how: 

a. The miner's personal protective equipment is worn and used, 
including a hard hat, safety glasses, earplugs, dust mask or 
respirator, self-rescue device, and high-visibility vest. 

b. Miners protece their hands and feet from impact, pinch, 
vibration, slipping, and tripping/falling hazards. 

c. Monitoring equipment warns miners of imminent danger, 
and how robots are used in mine rescues. 

4. Discuss with your counselor ehe dangers someone might 
encounter at an abandoned mine, lnclude information about 
ehe "Stay Out—Stay Alive" program. 

5. Do ONE of ehe following: 

a. With your parent's approval and your counselor's assistance, 
use ehe Internet to find and take a virtual tour of two types 
of mines. Determine the similarities and differeaces between 
them regarding resource exploration, mine planning and per-
mitting, types of equipment used, and the minerals pro-
duced. Discuss with your counselor what you Iearned from 
your Internet-based mine tours. 
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b. With your parent's permission and counselor's approval, 
visit a mining or minerals exhibit at a museum. Find out 
about the history of the museum's exhibit and the type of 
mining it represents. Give three examples of how mineral 
resources have influenced history. 

c. With your parent's permission and counselor's approval, 
visit an active mine.*  Find out about the tasks required to 
expiore, plan, permit, mine, and process the resource mined 
at that site. Take photographs if allowed, and request bro-
chures from your visit. Share photos, brochures, and what 
you have learned with your counselor. 

d. With your parent's permission and counselor's approval, 
visit a mining equipment manufacturer er supplier. Discuss 
the types of equipment produced or supplied there, and in 
what part of the mining process this equipment is used. 
Take photographs if allowed, and request brochures from 
your visit. Share photos, brochures, and what you have 
learned with your counselor. 

e. Discuss with your counselor two methods used to reduce 
rock in size, one of which uses a chemical process to 
extract a mineral. Explain the difference between smelt- 
ing and refining. 

f. Learn about the history of a local mine, including what 
is or was mined there, how the deposit was found, 
the mining techniques and processes used, and 
how the mined resource is or was used. Find out 
from a historian, community leader, or business 
person how mining has affected your community. 
Note any social, cultural, or economic conse- 
quences of mining in your area. Share what you 
have learned witli your counselor. 

6. P0 the following: 

a. Choose a modern mining site. Find out what is  
being done to help control environmental 
impacts. Share what you have Iearned about 
mining and sustainability. -; 

*vis iti ng  a mine site, a mining equipment manufacturer, or an equipment supplier r 	.s 	'ance pLicm g. 
These sites can be potentialiy dangerous. You will need permission from your patent and counseior, and the 
manager ei the mine site, or equipment manutacturer or suppiler, While there, you will be required to follow 
clotely the site manager's instructions and comply with all safety mies and procedures, including wearing 
appropriate ciothing, footwear, and personal safety equipment. 
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b. Explain reciamation as it is used in mining and how mine 
reclamation pertains to Scouting's no-trace principles. 

c. Discuss with your counselor what values society has about 
returning the land to the benefit of wildlife and people alter 
mining has ended. Discuss the transformation of the BSA 
Summit Bechtel Family National Scout Reserve from a mine 
site to its current role. 

7. Do ONE of the following: 

a. Expiore the anticipated benefits of interplanetary mining. 
Learn how NASA and private investors may search tor, 
extract, and process minerals in outer space, and the 
primary reasons for mining the moon, other planets, or near-
Earth asteroids. Find out how exploration and mineral 
processing in space differ from exploration on Earth. Share 
what you have learned with your counselor, and discuss 
the difficulties encountered in exploring, collecting, and 
analyzing surface or near-surface samples in space. 

b. ldentify three minerals found dissolved in seawater or found 
00 the ocean floor, and list three places where the ocean is 
mined today. Share this information with your counselor, 
and discuss the chief incentives for mining the oceans tor 
minerals, the reclamation necessary alter mining is over, and 
any special concerns when mining minerals from the ocean. 
Find out what sustainability problems arise from mining the 
oceans. Discuss what you learn with your counselor. 

c. Learn what metals and minerals are recycled alter their 
original use has ended. List tour metals and two nonmet-
als, and find out how each can be recycled. Find out how 
recycling affects the sustainability of natural resources and 

how this idea is related to mining. Discuss what you 
%learnwith your counselor. 

d. With your parent's permission, use the 
Internet and other resources to deter-
mine the current price of gold, cop-
per, aluminum, or other commodities 
like cement or coal, and find out the 

five-year price trend for two of 
these. Report your findings to 

your counselor. 
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8. Jo ONE of the following: 

. With vour parents and counselor's approval, meet with a 
worker in the mining industry. Discuss the work, equipment, 
and technology used in this individual's position, and learn 
about a current project. Ask to see reports, drawings, and/or 
maps made for the proiect. Find out about the educational 
and professional requirements for this individual's position. 
Ask how the individual's mining career began. Discuss with 
your counselor what you have learned. 

a. Find out ahaut three career opportunities in the mining 
industrv. Pick one and find out the education, training, and 
experience requIred for this profession. Discuss this with 
vour counselor, and explain why thi 	might 
interest you. 

kTith vour parent's permission and cl ;-.::'s :pproval, 
visit a career acaderny or communiP learn about 
educational and training requirernents for a position in the 
mining industry that interests you, Find out why this posi 
tion is critical to the mining industry. and discuss what von 
Iearned with your counseior. 

- 	
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Introduction to Mining: 
Earth's Mineral Wealth 
- 	

movai o m erials from the eanh 
roucts anI services - hat neoie llnd useuL 

Miners have a saving: l:it car 	e grown. lt has tobe 
mine. 

 
Look arouni vour room. Ne ever thing tha: was 

made bem s.omezhing grown. like wood or conon. N(-w look at 
all the things in the room that were not grown. such as plasten 
giass. and metallic obleots. These were mode -rom minerais that 
were ntined bem the earLh. Vei even ü--1 things „hat were grown 
reaured eL]u[pmenr for their niaming. cuitivation, and harvest 
ins: „his equipmen: was mode bem minerals. 

How imoortam is minino tc societv Front communka 
tions. :ransporiation. powe:. ::nstruction. agsictihure. and med 
ic'ine to education. entertainmeru. and reoreation. everv ospect 
of socier; relies on mininO. Vhe:her lt's a car. computer. sur-
geons scaIeL smahone, teievsntn, oaiposr. or almos; anv 
other ohieo; vou ca.-1 name. the materials to! making 1; OT for 
making -, he machines thom prod 	:nus; corne bem a mi: . 

What'sinrur Smartphone? 
roducinga 

-alls forthe'-:  
Iementsfoto 
uminum, au: c 
dmium,car:r 
batt, coppei 

inaium,iron,t:;.n - . ott: 
Iithium, mang ost: 

neodymium, fit.::; 
)xygen, patladiL 'n 	s: -. 
;Hicon, sitver, ta:o 
igsten, vanaditn., 
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BRAKES MADE OF ALLJhUNUM. 
TEEL MAGNE5UM, AND RUBBER 

STEEL ALUMNUM, 0-
TfTANUM HANLEBAR 

1 
R0HANPSTEELCABLES 

ITrANnJM Og 5TANLE 
SIEEL SPOKES 

Rapid communications, information technologies, and the ability to store, 

retrieve, and transmit data for education, industry, and recreation—such as 

video garnes and music downloads—are important to us. Mining provides 

the raw materials for all the hardware for these conveniences. For exampte, 

a car has about 34 minerals and metals, and a smart phone reouires 30 

minerals and metals—all were extracted from the earth. 

Minerals in Your Everyday Life 
Many minerals must be mined to manutacture a bicyde—here are just 
a few. 

FRAME MADE OF A COMS4NA11ON OF 
ALUMNUM. STEEL MOLY8OENUM, 
MAGNE5!UM, GR.APHFTE CARBON ABER. 
TifAMUM. ANP SCANPUM ALLOYS 

aNnem  
I;  5TEEL AND ALUMNUM 

GEARS ANP 5EAT P05 

rccair,zc.s!zLflic.. 

- 

Aluminum 	Titanium 
	

Sihca 	Sulfur 	Carbon 
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In soccer, the halt and protective gear require many minerals. 

FOAM RUhEK L NING: 
COAL MANGANESE, 

F 	RGASS: 	ARTZ, bOON, rOTASH,SALANT 	Y s-rc 
CE 	ASULF 	1, 

SAL1, = 

F ............ ..r....CMCALME 

.. :SCON 

.9,6JE:ANTMON'r  

Lf,  

AN i M3NT .‚ 

Source: i 	terals 	ca 	in Co ion 

II1h1I.]it1iD(Z$)MitIT1tTT] 

In geology, a mineral is a naturaily occurring crystalline 
substance with its own chemical formula and its own distinc-
tive physical properties. A rock may be made up of one or 
more minerals. 

In mining, the term mineral has a wider meaning. lt refers 
to all the substances that are extracted from the earth for 
human use. Mined minerals are classified as metallic, energy, 
or industrial. 
• Metallic elements and compounds conduct heat and electric-

ity, are ductile (can be drawn or stretched into wire), mallea-
ble (can be hammered into sheets), and shiny. Examples are 
copper, aluminum, iron, and zinc. 

• Energy minerals supply electrical and mechanical power by 
their combustion. They can also be used as a feed stock (raw 
materials) for liquid transportation fuels and coke, which is 
used to make steel. Fossil fuels, such as coal, are energy mm-
erals, and so is uranium, which provides power by the heat 
from radioactive decay. 

• Industrial minerals are neither metals nor fuels, but are 
mied because we use them every day: in construction, in 
manufacturing, and even in the food we eat. Examples 
include clay, sand, limestone, gypsum, and pumice. 

MNNG IN SOCWTY 	11 



Your home is built of mineral products that were mined. 
Are the outside walls of your home or apartment made of brick, 
stone, or aluminum siding? All had to come from a mine at one 

Glass was first 	stage or another. In a typical home, the inside walls are wall- 
discovered and 	board made of gypsum. The foundation is concrete with 

crushed stone in lt, and the roofing shingles contain fine used rn the 	
crushed stone. Windows are made by combining silica sand, 

Bronze Age. 	dolomite or limestone, and soda ash. Appliances are made 
mostly of metals. Paint has mineral pigments. Except for wood 
doors and window frames, wood framing, and the like, most of 
your home and everything in it came from mines and quarnes. 

12 	MINING IN SOCETY 



The povei t 	-d cool h 
ment and communications devices comes [rom minerals such 
as coal and uranium. Eiectricity generated from energv minerais 
is transmitted long distances on metal wires—aluminum and 
copper. Minerals are essential for affordable and convenient 
electricity on which we depend. 

Transportation depends on the products of mining. 
Bicvcles, automobiles, trucks, ships, and airpianes are made 
[rom minerals. Highways and airport runsvavs are made of 
quarried crushed stone bonded with asphalt or cement- 

For more about rocks and 	minerals, see 	GEOI.O( 

the Geology merit badge pamphlet. 

depend on 
mining. For example, paper made mostiv [rom wood puip may 
have limestone or kaolin ([inc white ciav) as a mineral [111er 
or coating. 

Wood products and food crops are grown using 
fertilizers that are mined: phosphorous (phosphate), 
potassium (potash), and magnesium doiomite, 
The manufacture of farm equipmem for cutti 
vating and harvesting crops also depends 
on the mining industry. Farm machin- 
erv 15 made mostiv of stee  
[rom iron and carhon), wil 
coppe 	es, aluminum in 
engin 	 vheels, leaci 
in ht 	 hrnm trw mm 	 Rav chrome oe 

At me tmes, you ass s scas o f m -eras. "ca ast .vth 

m:s—ss rass ste u:enss.You sees v-te cower rcm 
eeg mneas.Yeu es o camo dsues, ard drns 
+rfla uess uataners_msde fror ncustrd rrflrws 
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VilneraIs in Human History 
People have depended on Earth's mineral 
wealth throughout historv. Periods of 
human civilization are named for these 	1 
materials—the Stone Age, Bronze 	:e, 
and fron Age. In prehistoric times 
humans made stone wols and  
arrowheads, spear poims, knives, axes, and 
hammers, among other obiects. People adorned 
themselves with necklaces, rings, and amulets 
stone, and thev shaped clav into pots and other containers, 

such as copper, gold, and silver, found on or near 
suriace of the grourz 	were first 

as decoration. Gol± 	as easi]v 
iced in streambe 	use of its 

nright vellow color. lt w: --sasv to 
nound and stretch into 

tpes, often as jewelrv andas 
ects of art and worship. 

For earlv humans, copper served 
man\ pracuLil purpoe 	took 	eip 
on 	ein.-, and decoration 
dthough copper is brittle in its native 

state, people learned to make lt more 
workable by heating lt in a fire 

nealing). Heatin 	::elted the 
per out of the rc :s 	:. contained 
as srnelung. 

Earlv metalworkers discovered bronze hv smelting together 
rocks that contained hoth copper and tin. Bronze is harder, less 
brittle, and more durable than copper; tools and weapons of 
bronze were heuer ahle to maintain a sharp cutting edge. The 
Bronze Age was named tor the metal; its properties made it so 
significant in human histor. 

With technological advances came the lron Age, 
when fron and steel hecame exte: 
ts'T'J 	neciaiIy tor cutting 
tx 	ielted iron was 
1 :i::iiered imo the desired 	 . 

snape to mahe steel 
swords and other weapor 
and tools. 

14 	uNiNG m socim 



In ancient Rome, soldiers carried steel swords, 
and they were sometimes paid with another min- 
eral: salt. In fact, the word salaiy comes from the 
Latin word for salt, salarium. Lt was important to 
Romans as a food preservative and seasoning. The 
Romans built roads to make it easier to ship salt 
into the city. For instance, the 1/ja Saiaria, a road 
between the Adriatic Sea and Rome, made the 
delivery of highly valued sea salt laster and easier. 

As important as salt was to the ancient 
Romans, an even more valuable mineral—gold- 
helped to shape the history of North America. lt 

sparked mass migrations of people in search of 
their fortunes. After gold was discovered at 

Sutter's Miii, California, in 1848, more than 300,00 
people traveled to California over the next seven years. 
Known as the Forty-Nmers, the newcomers came by land 

and sea, helping to settle the western United States. 

The Klondike Gold Rush of 1896-1899 brought more 

than 100,000 gold seekers to Alaska on their way to the 

Yukon region of northwest Canada.The harsh conditions 

stopped many, but then in 1899 gold was discovered 
in Nome, Alaska, triggering another mad dash by 
gold prospectors. 

Gold was not the only 
valuable metal found in the 
American West. When silver 
was discovered in the 
Comstock Lode in 1859, 
Virginia City, Nevada, became 
a bustling boomtown aimost 
overnight. San Francisco, 
California, grew into a major 
financial center because its 
banks funded the mining. 
Comstock Lode silver helped 
finance the Union in the Civil 
War (1861-1865). 

1 

- 
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Because legal battles were waged over claims ownership, 
the U.S. Congress in 1866 passed the first law to govern how 
Americans could prospect and mine on federal public lands. 
Then in 1872, Congress passed the General Mining Act, which 
is still in effect today. 

One Miner's Story: 
John W. Mackay 
John WiUiam Mackay (1831- 

2 	 1902) was born in Dublin, 
Ireland. His immigrant parents 
came to NewYork in 1840. As a 
20-year-old, Mackay made his 

- way west, hoping to strike it 
rich with the rest of the Forty-
Niners during the California 
Gold Rush. He didn't find much 

 
- 	gold, but in 1873 he struck the 

Big Bonanza, one of the 
greatest silver veins ever found. 

In just four years, the Big Bonanza mine in Nevada 
produced over $400 million in silver. As senior partner, 
Mackay kept the largest share for himself. When the silver 
played out in 1877, he and his partners moved to San 
Francisco as millionaires. 

Mackay was a great philanthropist. He donated gener-
ously to the Nevada School of Mines, originally established 
in 1888 and renamedThe Mackay School of Mines to honor 
its benefactor.Today the school is called the Mackay School 
of Earth Sciences at the University of Nevada, Reno.The 
school has graduated generations of mining professionals 
who have worked throughout the world. 

16 	MINING IN SOCIETV 
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MINERALS A D ROCKS 

iIswv1Kvnsri 1 
A rock is made up of one or more minerals. An ore is a type of 
rock that contains minerals of value, especially metals. The 
three rock types are igneous, sedimentary, and metamorp hic. 

• Igneous rocks come from the cooling of molten rock called 
ma,gma. Examples include granite, which forms deep inside 
Earth, and lava, which occurs on or near the surface as vol-
canic eruptions or lava fiows. 

• Sedlimentary rocks form when particles eroded from older 
rocks are transported, deposited, and compressed into new 
rock. Examples are sandstone and shale. Sedimentary rocks 
may contain the remains of dead organisms (coal is made of 
fossil plants; limestone is made from the skeletons of sea 
creatures). Rock salt is a chemical sedimentary rock: the salt 
forms a solid when seawater evaporates. 

• Metamorphic rocks form when older rocks are exposed to 
high temperature, high pressure, or both, to create a new 
rock. Under these conditions, limestone becomes marble, 
shale becomes slate, and granite becomes gneiss. 

2 
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Geology is the study of minerals and rocks, the 
processes that form them, and how they are distributed 
on Earth.The Geologymerit badge pamphlet can help 
you identify rocks and minerals and understand 
their origins. 

Geologic evc its determine where different rock formations 
are found that contain the minerals we value. How often geo-
logic events happen determine how commonly or rarely a min-
eral occurs near Earth's surface. Some common minerals are 
mined at many locations. Others are so rare, they are mied in 
only a few places on Earth. If a mineral is mined only in foreign 
countries, theo lt must be imported into ehe United States. 

Storie is any hard, nonmetallic, nonfuel mineral. lt can be 
any hard igneous, metamorphic, or sedimentary rock. 

All three categories of minerals—metallic, energy, and indus-
trial—are mied in the United States. Sand and gravel mines 
are the most common. Sand and gravel are used mostly as con-
struction materials. Stone quarries are the next most common 
mine, followed by coal mines. The blue triangles on the map of 
U.S. mines represent a wide range of less common nonmetal 
rocks and minerals such as gypsum and clay. Metal mines 

are the least common type of mines in the 
United States, 

Here is a review of some common 
minerals: sand, limestone, clay, coal, 
copper and gold. 

Sand. Sand is a simple material readily 
found all over the world. lt is used in many 
things you encounter every day, such as 

glass, concrete, playground sandboxes, beach 
volleyball courts, and paint (to give walls a 

Native copper 	 rough surface texture). You probably know of nugget 	
more uses, but you might not think of these. 

20 	Mn'ar'o IN SOCETy 
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• The petroleum industry uses sand in the process of hydraulic 
fracturing to improve oil and gas flow in its wells. 

• Highway departments spread sand on icy, snowy roads in 
winter to keep cars and trucks from sliding. 

• Foundries cast metals such as iron and bronze in molds 
made of sand. The mold holds the molten metal while it 
cools, giving shape to the engine block in your family car, 
for instance. 

Limestone. Limestone is a common sedinientary rock formed 
mostly from the shells of marine organisms. Because oceans 
have covered much of Earth's surface, limestone is abundant. 
lt is made mostly of the mineral caicite (calcium carbonate). 
Here are some everyday uses of limestone. 

• Limestone blocks of different shapes and sizes are cut for 
building stone, countertops, flooring, monuments, and land-
scape rock. 

• Crushed limestone is used in concrete and as a base for 
roads and foundations. 

• Limestone is the main ingredient in making portland cement. 

• Limestone is pulverized into a fine powder for filler in paper, 
plastics, and paint. 

• Limestone is a soll conditioner, neutralizing acidic soils; a 
neutralizer in municipal water treatment; and a scrubbing 
agent, removing sulfur from smokestack emissions. 

• Limestone removes impurities in glass- and steelmaking; 
purifies sugar; and prepares wools and dyes. 

• Heated in large kilns, limestone becomes lime (CaO) for use 
in steelmaking; removing sulfur from smokestack emissions; 
vater treatment; and construction. Pure calcite is produced 

with urne for use in paper, plastics, paint, toothpaste, food 
additives, antacids, and calciurn supplernents. 

The U.S. Geologic& Survey estimated that about 73 
million metric tons of cement was produced at 98 plants 
in 35 states in 2012. Cement plants are found across 
the country. 

22 	MINING IN SOCIETY 
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Cay. Common clay is used to make bricks. Other types of clay 
are kaolin, bentonite, and fuller's earth. The United States is 
one of the largest producers and exporters of these. Kaolin is a 
white pigment used in papermaking, paint, rubber, plastics, and 
ceramics such as sinks and toilets. Bentonite is sticky clay used 
mainly for muds in drilling for oil and gas, and in landfill barrl-
ers protecting groundwater from toxins that may leak from 
landfihls. Because fuller's earth absorbs odors and fluids, lt is 
commonly used in cat litter and spill kits. 

Coat. CoaI (an energy mineral) is a sedimentary rock formed 
from plant debris deposited in swamps and bogs. Sediments 
covered the swamps and bogs over millions of years, squeezing 
the plant material into a black solid (coal). Coal is classified 
into several kinds based on its carbon content and density: 
peat, lignite, bituminous, and anthracite. From lowest to high-
est—that is, from peat to anthracite—the ranking also indicates 
the level of energy released when the coal is burned. 

The United States has 25 percent of the known coal in the 
world. Discovered as the "burning rock," coal later provided the 
energy to power the industrial revolution over a century ago. 
Today lt is used mostly for generating about 40 percent of the 
country's electric power. 

CoaI is also burned in kilns to make bricks, cement, and 
lime. In making iron, coal serves as a fuel when converting the 
iron ore into iron metal; in steelmaking it serves as a fuel and 
as a source of carbon. Coal is important in papermaking and in 
chemicals and pharmaceuticals. Products containing coal or its 
byproducts include soap, aspirin, dyes, plastics, rayon, nylon, 
toothpaste, and cosmetics. Coal mining employs about 35 per-
cent of all U.S. miners. 

Copper. The most noticeable thing about copper is its color: a 
rich reddish-orange. lt is one of only a few metals with its own 
distinctive color. lt was easy to find in ancient times because 
some of its many ores are green and blue. Copper was also 
found in its native metal state. 

Copper is an excellent conductor of electricity and heat. lt 
is ductile (easily drawn into wire); lt is malleable (can be 
beaten into thin sheets); and it easily forms alloys or mixtures 
with other metals. Copper is widely used in electrical wiring, 
electronics, water pipes and tubing, and as gutters and 
roofing material, 
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Copper's main alloys are brass and bronze. Brass is an 
alloy of copper and zinc; bronze is an alloy of copper and tin. 
Bronze is hard and tough and typically used in statues, church 
bells, medals like those awarded in the Olympics, and musical 
instruments such as cymbals. Brass resists corrosion and has a 
bright yellow color, somewhat like gold. Common objects made 
of brass include doorknobs, musical instruments like trombones 
and trumpets, door keys, and plumbing fixtures such as faucets 
and showerheads. 

Some of the largest mines in the world today are copper 
mines. The metal is in high demand because of its wide variety 
of uses, and the search for large deposits never ends. As civili-
zation depends more on electricity and electronic technology, 
the dernand for copper will continue. 

Gold. Gold is produced at about 50 hard rock mines from what 
are called lodes (ore deposits), a few large placer mines in river 
deposits (all in Alaska), and many smaller placer mines (mostly 
in Alaska and the western United States). In addition, a small 
amount of gold is recovered when mining silver and when pro-
cessing metals such as copper, lead, and zinc. The United States 
exports gold, and in 2012, the country produced 230 metric tons 
of gold, ranking third after China and Australia. More than 99 
percent of the gold produced in the United States comes from 
only 30 mines. Most U.S. gold production is from large open-pit 
mines in Nevada. 

Gold is used mostly in jewelry and the arts—these account 
for about 66 percent of gold production. Another 12 percent goes 
into dental fillings. Gold is a good conductor that does not cor-
rode, making it reliable for electronics and other electrical uses-
these account for 5 percent of gold production. The remaining 17 
percent is used as bullion (gold bars) for investment, money, 
medicine, glassmaking, and awards and medallions. 

Gold is so malleable that lt can be pounded into extremely 
thin sheets called gold leaf. Used mainly for decoration, gold 
leaf adorns artwork, food (such as desserts), and even parts of 
buildings. The domes of several state capitols are covered with 
gold leaf; Colorado and West Virginia are examples. 

Open-pit and placer mines are described in more detail 
under "Types of Mining' later in this pamphlet. 
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Major Sources a i d Uses of Minerals 
The foflowing ans 	 ::ar sources, and 
their main u-e Note 	 3urces are mostiv 
or entireiv n' e 1 outside  

Metals 

Ore (Mineral er 

Metal (chemtcal Rock) er tha host 

symbol) 
mnerat when Major Sources Major Uses 
proctuced as a 

hyp roduct 

Alurninun- Z, 	 aterite Brazil, Lightweight metat 
a 	(convertecl to donesa parts of alt types 

na first) 

AnS rnony China Flame retardant, lead 5

7 
ute 

a loys batter es, 
chern ca s 

Beryllium 3- 	and bertrand te SA, China Electroncs, defense 

appFcaf ans 
nonsparlCng tools 

Chrornurn rnite 3 	th Af(ca, Sta n ess stee, 
Kaz 	stan e ectroptafng 

Cobae Cobltte 2€ - 	lic of Superaltoys 
Cc 	‚ Zambia chemicats 

opper Cc 	er sulfides C' 	s, China, Electricat applcations, 
Peru USA b- ding constructon 

Gallium rorn baustte and C - 	s ec:ronics 
uphalerite Gerrnany, 

<aza- utan 

Gold 3 ve metal ni lode f 	a, USA, Jewelry, denfstry, 
acer depos t L is: - 	ia, electroncs 

ss, South 
1- 	3 

ndurn 1 Frorn znc ores l- 	Canada Liquid crysta d sp 
-1 	a 	South LCDs 
-(or s 

- Hernatte and a, Wrought iron, cast 
rnagnet)ee A. : - ha, ron, stee 

B:az 	India 

- 	J Ga ena C .ead -ac d batte(es 
Ausudlia, USA ulgets, ba last, g ass 
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Ore (Mineral or 

Rock) or the hose 
Metal (chemical 	

mineral when 	Major Sources 	Major Uses 
symbol) 

produced as a 

byproduct 

Lithium lgneous rock and Australia, Chile, Ceramics and glass, 
brine (satt) deposits China batteries 

Manganese Pyrolusite South Africa, Steelmaking, pig i ron 
USA, China, produetion 
Gabon 

Molybdenum Molybdenite, from China, USA, lron and steelmaking, 
copper and tungsten Chile, Peru superalloys, lubricants 
ores 

Nickel Pentlandite, latente Philippines, Stainless steel, 
deposits Indonesia, sueralloys 

Russia, 
Australis, 
Canada 

Palladium Native metal in USA, South Catalytic converters, 
alluvial deposits, Africa, Russia, petroleum refining, 
copper and Zimbabwe, dentistry, jewelry 
nickel ores Canada 

Platinum Native metal in USA, South Catalytic converters, 
alluvial deposits, Aftica, Russia, petroleum refining, 
copper and Zimbabwe, jewelry, laboratory 

nickel ores Canada equipment 

Silver Ores of copper, Mexico, China, Electronics, coins and 
copper-nickel, lead, Peru medals, photography 
and lead-zinc 

Tantalum Tantalite, coltan ores Rwanda, Electronic 
Mozambique components, alloys, 

superalloys 

Titanium Rutile, ilmenite Australia, White pigments, 
South Africa, welding rods, alloys, 
Canada, China, airplane parts 
USA 

Tungsten Wolframite, scheelite China, Russia, Tungsten carbide, 
Canada tungsten metal wire, 

alloys 

Zinc Sphalenite China, Galvanizing, zinc- 
Australia, Peru, based slloys, brass 
USA and bronze 
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ndustrial Minerals 

Ore (Mineral 
Mineral Major Sources 	Major Uses 

of Rok 

Barite Leadzinc veins in China, Indio, USA Drilling mud, filler 

limestone, hot- in paint and plastic 

spring deposits, 

and hematite ore 

Bauxite Sedimentary rock USA, China, Brazil, Production of 

(lateritic soils) lndonesia olumina and 
aluminum, 

abrasives, 
ceramics, paper 

Bromine Salt deposits and Oceons, sah Flame retardants, 

seawater domes water purification 

Diatomite Sedimentary rock USA, China, Filtration, 

Denmark, Japan absorbents, 
abrasives, fillers 

and extenders 

Feldspar lgneous rock, ltaly,Turkey, China Glassmaking, 

metamorphic rock, ceramics, fillers in 

and sedimentary paint, plastics and 

rock rubber 

Fluorite Veins associated China, Mexico, Hydrofluoric acid, 

with lead-zinc, Mongolia steelmaking, 

barite, quartz, and glassmaking, 

calcite enamels 

Gypsum Sedimentary China, Iran, Wallboard, plaster, 

(evaporite) rock; Thailand, Spain retardant in 
power plant waste cement, soil 

amendment 

lodine Caliche, oil-field Chile, Japan, USA Medicine, catalysis 

brine, seaweed in plastics, 
nutrition, liquid 

crystal displays 

Perlite lgneous (volcanic) USA, Greece, Building 

rock Turkey, Japan construction 
products, fillers, 
horticultural, Filter 
aids 

Phosphate Sedimentary rock China, USA, Fertilizer, animal 

Morocco, Russia feed supplements, 
food additives 

Potash Sedimentary Canada, Russia, Fertilizer, 
(evaporite) rock Belarus, China chemicals 
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Ore (Mineral 
Mineral 	 Major Sources 	Major Uses 

or Rock) 

Quartz (silica) Sedimentary rock, China, Brazil, USA Cptr Chips, 

sand, and igneous snd, a 	snaIr 	g, 
rock ceramics, food 

additives, gems 

Salt Sedimentary China, USA, Road deicing, 
(evaporite) rock Germany, India chemicals, food 

processing and 
additives, plastics 

Sulfur Byproduct of China, USA, Fertilizer, sulfuric 
petroleum refining Canada, Saudi acid, petroleum 
and sulfide Arabia refining, metal 
mineral smelting  mining 

Trona Sedimentary USA, Turkey Glassmaking, 
(evaporite) rock chemicals, soaps 

and detergents 

Zeolites lgneous (volcanic) China, South Laundry detergent, 
(aluminum silicate) rock and Korea, Japan, water purification, 

sedimentary rock Jordan,Turkey catalysts 

Energy Minerals 

Mineral or Rock) 
Major Sources Major Uses 

Coal Sedimentary China, USA, India, European Electricity 
rock Union, Australia, South generation, coke, 

Africa, Canada, Russia chemicals 

Lignite Sedimentary European Union, USA Electricity 
rock generation 

Peat Sedimentary European Union, Belarus, Plantgrowth 
rock Russia, Canada medium, filtration, 

industrial 
absorbent 

Tsr sands, Sedimentary Canada, Venezuela, Russia, Crude oil, 
bitumen, oil rock, sand, Kazakhstan, USA, Nigeria, combustible gas, 
shale clastics, Estonia, China, Brazil, asphalt 

shale, clay Germany, Australia, Israel, 
Jordan, Morocco, Sweden, 
Turkey,Thailand, Syria  

Uranium Uraninite and Kazakhstan, Canada, Electricity 
pitchblende Australia, USA generation, military 

projectiles, nuclear 
weapons 
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Expioring för Minerals 
in mmm, e: :: : 	 :r usefuineraIa 
can b€ extacted from Earths cnes: When von ihink of expiora 
ion. von mighz imagine an odime p pentor wih his rjsrv 
muie\Vihhipickd shoveewonidgcinsearchof 
something valuahe. common met1od oi exploration was 
:o rind a idCC d:: gv simiiar to known ore denosit. 
For examole, in 	ifr- a. prosoectors who knew that 
gold couidbe -ound in sL: 	:ams wouid ran for gold there 

T:ne prospezior would bmw the 	tream. panning 
everv so often, seeking the moiher iode.' or malor ore denosit. 
\Vhen he s:opped finding gold in the sei 	's "ould back 
nack to locate where rhe -gold was enterin 	‚ narrow- 

vouidshout, 
Greein-. 

Modem Exploration Methods 
Man'. oid methods are nil n.i. b..: zodav's :fressional pros 
nectors have m:: nih-tech wars oihx: gih 	ht geoiogi 

:onditionsfor n  kind of de osit bemg s: 
iaiists inglude geolors. geochemiats. m -  g er-.:: 

T - : iliurgisrs exncns in metals, and Iogistics sneciai 
expens in handling the details ob an exploration ven: :). 
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One basic method that has tong been used is to conduct an assay. Jus: 

an 1849 California prospector might bring in a rock sample to have its 

composition analyzed, so do modern prospectors. By  a series of chemical 

and physical tests, assaying reveats the - nents of a rock sample. tf  an 

element of value has a high en'sugh cort..tration, then an exploration 

program may follow. Some r- e- z ;)le choose exploration as a career becauss 

much of it is done outdoc 

Stps in Exploration 
- 
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FNORtNG FOP 1l"RA[ 

Besides asking the surface owner(s) for permission to pros-
pect on a piece of land, the team may need to get permits from 
local, state, or federal government agencies before exploration 
on the ground begins. Tjpically, a team has specialists who find 
out about land ownership and obtain the necessary permits. 

Drilling and Imaging 
If the fieldwork uncovers good sfgris 

of valuable minerals, the next step may 
be to drill core holes. This aliows the 
geologists to see underground. 
Drilling also provides niore geochemi-
cal or geophysical data. 

	

The exploration team enters all the 	 r 
data collected into a computel; con- 
structing a geological model of the min- 

Mining  software uses prospectinq data to 
eral resource. tVith enough data, a three- build images of mineral deposits.This 
dimensional computer image can be cre- "slice" through such a mode! provides a 

	

ated to show what the mineral deposit 	3-D view. 

looks like underground. 
The next phase of exploration involves additional drilling 

of the mineral deposit. This helps determine the concentration 
of an element or a compound, along with other characteristics 
that allow it to be mined and processed. Once team members 
know how hig the deposit is and what the grade is, they calcu-
late the amount of the resource present. The resources calcula-
tion estimates how much ore is in the deposit. lf the analysis 
is positive, then the next step is mine planning to see if mining 
is feasible 

The Major Steps in Exploration 
1. Library studies identify geological formations that mey hold a mineral. 

2. Remote sensing may help to identify places to send an exploradon team. 

3. Fieldwork olanning is completed (obtaining perrrits, getting permission to 

expore the site, etc.). 

4. After examining the surface, more tests, like drilling, mey be necessary. 

P. Held data is used to build a computer model ofthe mineral deposit, 

6. ftthere is potential economic value, core drill sarnpling is düne. 

7. Enough data is collected to confirm the size and quality ot the deposit. 

8. lfthe deposit still has potential economic value, mine planning begins. 
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M;.i PLANNING AND OPFRvrt 

Mine Planning and 
Operations 
If you're preparing to write a report for school or take a hike, 
your first step is to make a plan. You may plan by yourself, or 
have heip from friends and family. The same is true in organiz-
ing a mining operation. Mine planning is the realm of the mm-
ing engineer, supported by geologists, metallurgists, ancl others. 

Planning a new mine takes soveral steps as seen in this 
illustration. The steps are all connected. For instance, mine 
design and safety go hand-in-hand; land reciamation and mine 
ciosure may occur at the same time. 

ldentify deposits; 
permit deposits 

( 	 Available 
Long-term 	Reciamation 1nd resources 
monhtoring 	1 to 4 years 	

Exploration 
8 to 10-plus years 

R....Monitoruig 	
assesement 5 	 - 

Pannit 
Environni t 	

ting Ciosure  
and 	 assessment 

and Approvah reclarnattc,n 	Ciosure 	 Ongoing stakeholdor 
1 to 2 years 

	

	 consultaton 

	
trüctijre 0 t;rs  

1 to 3 years,P 
Design and 

_' 	Constructlon 

Mine 
Satety 
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Major Considerations 
When ideatifving resources that could be mined, mining 
engineers (with the geologist) review the site Information and 
analyze geographic, iPr'iogic, technical, and economic 
information. As min ,-,  engineers calculate the resources that 
are recoverable (obtainl 	they evaluate all the advantages 
and disadvantages of the mine site. This tells if lt is feasible to 
mine and process resources economically and legally. A 
feasibility study completed at this point allows the mining 
company, bank(s), or investor(s) tu decide if the project is 
worth their spending additional funds on lt. 

Resuurce control confirms own- t 
ic 	pu 	ership of land and minerals through 

lease or purchase. If the mineral -]i
privately owned, surface and mineral 
owners and the mining compi 

Je  
‚ 	

must all negotiate contract agree- 
merits tu build the mine and share 
thc pro its 

When state or federal govern 
Ob.. 	rd 	 r" ments own the inerals in the rec° 	•j. 	% 

ground, a U.S. citizen or corporation 
may stake a mining claim on land 

over the mineral occurrence. A claini owner has the right to 
possess and extract any minerals under the claim starting on 
the date the claim was located. There are several kinds of 
claims. Loc.le and placer claims are named for the type of min-
eral deposit under it. Mill sIle and tunnel site claims are neces-
sarv to locate and erect milis and other structures for mineral 
processing. We'll use a lode claim on federal land to describe 
how tu locate a niining claim. 

lh locate a lode claim, you have to discover a valuable 
mineral there. Next you erect claim posts at the point of discov-
ery and at each of the four corners of the claim. You then 
attach a Jocation notice at the discovery post. Posted Informa-
tion typicai inciudes the name of ihe claim, date of location, 
county and 	description of the land by township and range 
(see the Geoioy,  merit )adge pamphlet), name and address of 
the locator (voLi), and .1 map of the claim. You must record this 
within 90 days with the U.S. Bureau of Land Management, the 
agency that administers all land owned by the U.S. government. 
You pay any filing fees at the time vou record the claim. 
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Dren 	me rpoure aodtcna norma'Ofl dS 

'e 	s reccJ 	ne cam 	th the coun, and st, 
\nea :.he oa 	e, ncaeC1. More r urradon abou 
sk:r mHnq cams cen be ku.nd e +he Bueau 

NAan 	.ebsa.nw D:r.jo, 
See 	 in t his 	mehe 

Permirtine a nev mine can be a lengthv process, 
five v- 	- 	 . A mine plan mns:. cc: all governn:e a 	 m 	 :: 

	

rules, i:::l::dlng local c:al::a:::es. to protec: cl:. 	an::. Land, and 
wddh:e. : - mits are ne ieea several catcgcins. .nc.uding: 

• Mining 	 • Zo::ing 

• Reciarnation 	 • Sarety 

• \Vater discharge 	 • V:a:':cor control 

• Air emissions 	 • Exn.a:. 	ed.al 

Local, state, and federal agencies review and approve per-
mits. lnterested people an rnoups car: ..: - ,irn ahorn the mine 
pi:nnn: 	::ne: 	1: berorehand. Mine constructic: heei::s 

and the mining comoanv rc a 
a::nra nec) to ensure that fuchs 	be avail- 

ahle for r 	cc 

gas pipelinies. :'n.Mnin .a:ni. •.e:::.: 
lines that are aireadv there. In addition, mining 

neeh :n 	c...11t. T:e .nine .::::v 
roads: 	clevatcn: addit:n:a1 

pc..er, fuel, and ::e:or utihties: of:Me facilities; 
sl'cu:ers and l:he:s 	n:::ars: 	:ol:.::se and 

nro- 

and drainage and sedime 	c ::: ::h. sestems 
(such as sehl::cnit ponds cc.: :han.os). Pans 
of the exis::::e :::frastruct:ne cnn. dc jnafd:c: od. 
relocn:eh.:cl ::ed arout 	::: :: l:astructure 
is bull: sc:ha: 1: doesn't in:e::c:e .ei:h mining 
Oper--z 	plants 

nectiv over 
r:::a.ble resources. 

... 	'.' 
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For more about 

land reclamation, 

see "SustainabiUty 

in Mining" later in 

this pamphlet. 

Mine design 'es according 	de rninir. nethcd. P's 
for a surfe mine e-e into accou.:'e e hape 	the 
amount of material to be 	 ::e sequence c 
Plans for an underground mire 	:eoation of sha::, 
slopes, entries, ventilation sys:e 	:.. 	.not snnnorts. 	i the 
sc,:ence of mining. Detailed 	- :.s 
mine whether .;:::::e is econc:e: : 	 c:es er 
failure oi 	::::'.iiig operation ol'i(Ull aepenus on iiie buccess of 
the dcs:s: 

Mine s.:et is an essential part of mine planning. Safe con-
Gitions provide a place where miners .':e:t to :k. See "Heaith 
and Safetv in Mines" in this pamphlet. 

VIine ciosure 	land reclanlation shuts down the mine 
and restores :he site to a r.:eral condition or to a useful pur-
pose. F'r': -  mine sites ae :esood and c toured so deev 

the surre.::.: 	.. eston 	zites 
Recie:ation of ..::::ergrounc1 eines 

tends to ec ess invoived heca:.s: affecied are,.s ::e smaiier 
than for se: iece mines. When g::ernment aut.e: ties declare 
re::nation succes..:l, lt allovs the reeese 01 hor:s:s 

mining stai:ee. 

	

nitc. e' o e rese'od site is 	-ecessarv 11 
there is a s;: conc:i: 	:e:ees ::lay mdc:: see:ific needs 
for revegetation or:e::::es e:osion comrol. 

yen after mining 
beg:::s, 

	

in 	 planning 
doesn't stop. C:::*:c mine 
planning c::: 	1ort-term 
or long-ter:e.S:t-term 
planning t.:.:: 	covers 
lesc 	:e ec::s, focus- 
in: 	inuor 

ece:e::::::.:gets. Long-
te: : :: olanning :.ends 

than a \'e:: evorid 
cc ::eet mining .::ivitv. 
provides dc: 	elans 
at ::t 10 VCdFS as %ve.:es 
gee::al plans for the 1Le :1 

e mine. 



Types of Mining 
Thevemeiieterminedb:nes:zeand 

ane of re nine:a enei. hw 	i: 
::d te kind of rk t 	urround 	The 

esi:s ::::de:':;.. 

TabFr. •• ne ra.ne:a uepet basicaiv hcin- 
zc 	:. fai:v u form in thickne, Nke i 

coumertnp. Iz can .: 	the su::.: er 
r'isani f tee: emv. Exampies of rerals 

abuar dereits are hitmineus arid 
anf 

carbenare er S 1: 	:abukr iepesi:s 
caa, gvpsLm. arid pezasn mav iave 

of un'vamef reck -vp--- in berweem 

Massive. 	m:ne:aI denosn ies wnhm a 
a:ge reckfrmaii :. ni nsnay n±efr af 
fee: -,hick an : mrsans of fee: wide. 1: can e 
a: :ke sn-face c: :honsds ni fee: beo;v 
Mas$ive 	nera depo.. ::cie ;. :s ike 

:. s;ven c: - r:r, e.:. and zinc 

Vein ...............era depo: is a narov s.. eiike 
searn ci inmieri c:-, -5ta-is wnhin a hast :c: 
Veins come from cvs:ai growdi rn d:e wa.. 
fracu:s .•. ::cks. 	ev nsuaiv are indlined 

Some mine:as feund in veins include 
gold and sie: S:eepv fncmed arnhradie 
coa fe:maco: -::.e vein 
:tiev deve'ned bv fo1dng and r. 

Piacer. The eosir s an accii;n.ation of min-

er z Jr. c:- sand and grave. Sirearnbeds 
... es are :be usca si:es for nacers. Thev 

are iuined for god, rum, damonds. 
nmrn, and urardum. 

r 
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Surface Mines 
11UtV C a 	re. 	h• 

T - e 	susta-ces :e : 	 . 

erre 	•ve 	t'v 	a:ga 	ex; 	:e 
- 	 - 	 - 

VOM: is eX5el 	e:s 	a:: 

3Jra -z:s 07 c:ev: he 

:a::. 
ar 	'assve. - 	 - 	 - 	 - 

ae 
a - . 	acer-'jpe 2r3 	:a 7schuy li.-   

1;v 
same 	e:a 	. 

vc:k 	re vse 	 can5- 	;ze 

ra::ze up 
scar me. 
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Surface Mining Equipment 
Surface mining requires huge equipment. For exampie, the aaest 
bucket from a modern rubber-tire bader, used to excavte the hrised 

minerals and rocks, can hold 53 cubic yards.That's 160,COO Dounds of 

material, which is equal to the weight of abou 40 ockup trucks, 

EXAMPLES OF SURFACE MINES 

Opea-pit mine. This type of mine is tvpicailv used for massive 
deposits dose to the surface. A quarrv is a common open-pit 
mine. Quarries produce huilding materials such as sand gravel, 
and stone. Quarries are ofren Iocated near populated areas 
where the construction materials are used, so cooperation 
between the mine and its neighbors is essential. 

1 

Nodcetbe benchesandroadvaysaro&i: 	 an 
open-pit copper mine. :Bencf  design he 	 the tn 'y of the rnrte:L 
1-laul roads are required to remove rock trom tn e pit. 
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Strip mine 

1 

Strip mine. This type of surface mm-
ing is generaliv used for tabular depos-
its. The picture shows a strip mine in a 
coal deposit. Mine planners carefull 
design the ai 	he rock wall 
(above thø c 	 hat it does not fail 
during n 

L)nderoc 	e.. 
J 	rgroi 1 mining is more selecteve 
in the vav minerals are extracted. 
Under-ground mines require caref 
designing and planning vith mon - 
tures than surface mines. The nec 
;tructures include shafts, hoists (€ 
Lors), ventilation fans, undergrounu 
maintenance shops, and convevance 
(transpor:. s.ster 

The geometry, or shape. of the 
deposit determines which underground 
method to use. Na twa mineral depos- 

e identical, so the mine design is 
mized to ehe size, shape, ared Ioca-

art of the deposit. 

IIjL J 

Types of equiprnent used in an underground mine 
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EXAMPLES OF UNDERGROUND MINES 
DIRET]ON OF MNNG 

Room and pillar. This mining COAL 
method extracts minerals (tabular 	. 
and massive) from a series of  
"rooms" along horizontal openings. 	- 
Because nart of the denosit is left . 
behind as support pillars to hold up 
the mine roof, it is not the most effi- 
cient method. Each pillar tends to be the 
same size and shape for a particular mine, - 
forming a pattern like a checkerboard when 
viewed from above. Room-and-pillar mining is . . 	Most underground 
used to exlract coal and metal ores, stone, taic, mines in the United 

soda ash, sah, and potash States use the room- 
and-pillar method. 

Longwall mining. In a longwall mine, a panel of coal or 
trona, measuring about two mfles long and 750 LONGWALL 
to 1,500 feet wide, is cut by shearers  
(or piows) moving back and "- 
fooh along the mine face  

(wall). Conveyors 	 . ..._ . 
bring the mineral to the  
surface. Heavv-duty shieids 
protect the miners woriong  
alono the face and the shearing 	. 
edge tse1f. As the shelds inove for- 

CnSHE 

ward, overlying rock falls behind them 
into the empty spaces that were just . 
mined. The fallen rock is known as gob. OOF 

1 : 
: 

= 
Longwaft mining 
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Block caving. This meWod rnines ianye, bw-grade ore hodies 
that are vertical or slightly inclhied (massive or veins). The ore 
body is undercut (dug out from underneth), or undermined, 
over a large area. Theo it is drilled and bbasted above the 
undercut rock opening. The rock mass drops into druiu bells 
and is removed at loading draw puinis, then conveyed or 
hoisted to the surface for processing. 
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Stoping 

RNGPRtLUNG, 
LONGHOLES 

RNGPRWNG, 
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Stoping. Stoping is used when surrounding rock is strong 
enough to prevent a cave-in of the stope, or open space. Vertical 
shafts reach down to the ore body (massive or vein) Miners 
remove the ore along horizontal levels, or tunnels. Stoping is 
used to mine large deposits of gold, silver, lead, platinum, 
molybdenum, and many minerals. 

IONS 
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SURFACE SUBSIDENCE 
When minerals are removed from underground mines, the sur - 
face above may subside or sink. A room-and-pillar mine gener- 
ally has no subsidence on the surface, unless the pillars fail 
after the mine closes. However, longwall or block caving meth- 
ods will—by design—cause surface subsidence. So precautions 

Minng companies are necessary to avoid mining under surface structures (build- 

are required to ings, highways, etc.) and may call for a plan to restore the sur - 
face structures after mining ends, 

provide alternative Many areas rely on groundwater for irrigation or drinking 
sources of water water. When there is subsidence, the water supply can be dis- 

rupted. In most cases, the interruption is temporary; in others it 
fthey are is permanent. 
responsible for 

water loss or poor The Summit Bechtel Family National 

water quality. Scout Reserve 
The BSA Summit Bechtel Family National Scout Reserve was a 

zwannommum mining site before reclamation and conversion to the Boy 
Scouts of America's new high-adventure facility. The pictures 
here show the Summit site as a 1900s underground coal mine, 
and as we know it now. This is a good example of how mine 
reclamation returns mined land to other uses. 
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The smokeless coat tormeriy mined from the land of the bSA Summit fueled the 
steam shovets, steam drills, steam trains, and steamships that buift the Panama Canal 
in 1904-1914This photo shows a mine and tippte. Coal was lifted from the mine to 
the surface and prepared for shipping. 
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Cydone Separation 
CoaI coming directly from the mine is contami 
nated with heavier rock and sulfur-bearing miner -
als such as pyrite. A type of gravity separator 
called a cycione is used to separate out the lighter 
coal. The cycione swirls a slurry (a mixture of 
water and solids) of pulverized coal and rock. 

i;ruri 
Flotation is a chemical process for separation using 
a vat, or flotation ccii, filled with water and a 
chemical called a flotation agent. Tiny ore mineral 
particles are added to the cell to form a slurry. 
Agitating it creates air bubbies, which mix with all 
the tiny particles. The air bubbles stick to the valu-
able mineral particies, lifting them to the surface to 
be skimmed off as foam; the waste minerals sink. In 
some cases, the desired mineral sinks and the waste 
minerals float to the top. 

A cycione separater 
uses density to 
separate coal from 
waste (rock and pyrite). 

nocs 

Chemical Processes 
Some minerals can be chemically dissolved, then 
recrystallized or precipitated into a highly pure 
solid form. Examples include titanium dioxide used 
in sunscreen to block ultraviolet radiation; sodium 
carbonate used in baking soda; and table salt 
formed by the evaporation of seawater. Some metal 
mines use a technique called heap leaching to 
chemically dissolve and separate valuable metals 
such as gold, copper, and silver from a pile of 
crushed rock. Flotation ceil 

You can try the flotadon method yoursef Throw some 
peanuts and sand into water, and both wdl sink. lf you 
mix the peanuts and sand and drop them into a gass of 	: 
carbonated water (such as soda), you wdl see that the 
ody peanuts attach to the gas bubhes (the od acts as 
a flotation agent) and fioat to the top, whde the sand 
snks to the bottom 

LL 
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Smelting 
Meta1containing minerals are concentrated by mineral 
processing and shipped to a smelter where high temperatures 
transform the metal-bearing mineral into pure metal. During 
smelting a flux, such as limestone, is added to the molten 
metal tu combine with unwanted impurities called gangue. 
The combined gangue and flux form siag that is separated from 
the molten metal. The molten metalls then poured into a mold 
to make very pure bars or ingots. 

Smelting involves a chemical change to the raw 
material, but in refining, the final material is usually 
chemically identical to the original one, only purer. 

The motten gold being poured here will soon become gold ingots. 
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:. ndivd:al me:a crnss -.hat make 
up the :::k. :t:rent :i:nerai c::sns are se;arated, 
they can be concentrated for higher pu:n:. Se:aration methods 
usa- :ine za:c::: ::.sca1 and ccmicai properties of dis:cne 
mineral •:rvszai r exarnr!e. :n.metc searatos conc;:a 
maa:elc :nine:: rsas, s.c . ...na ne::te, frorn nonmag-
netic mineral crvaIs, such as quartz. 

G.raAty sarators 
seoarate heav, 

denan mineras guch 

es add from ghter 
rock frsgmenrs, An 
exampe ot a srnoe 
gravity separater 
s ehe oospector 5 

gcd Den. 
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Material Separation 

To separate d::ent sizes of 	ers, 
screensare usec. .- :nixture c: s.:: and 
g..:e. ::av be tec ::o a series of screens 

sc.'ie vanous sizes. The ::e 
s.:c 	:e used in a 	::J traf 	a 
gc. :ourse, v:...e the 	rould be 
use: to make concrete or road base. 

Crushing and Gnnding 

esing plants have 
:hffere:: szs of 
es. L:cc. heavv-dutv crushers can reduce 

boulc 	size of an au:::cb:1e. Sc: :::shers pinch the 
rc::s 	n mc:::c 	and fixed walls, much '.ke a ham- 

........... 
G:: - : :: of crushers drop the rocks onto hard materials 

or other rocks to breal\ :::em. In coal processing, for exam:e. 
ihn s soe: . :e roc'... so the se:s. .otarv 
b:caz-: redue . 	:z: oi the •::ai,  
h:es in a dn.. 	er rocks are 	 • 	J. 

After 	:-..: ho:.::isher, rocks r:a: 	2:D:nd to a 
fine powc.e: 	i. A 	!!! s 	cylinciec ............. 
vith rock. 

steel balls 	::. s. As 
it  
b:..s crus -. a:.i :ind 
the rock into tinv par- 

• ............... •• 	 . ter t.. 	 . 	. 
the minera ::om the 
was:e rock. Modern 	. 
grncIing mills ey be 	 . 
upto4Ofeet::::am- 	• 	 ‚. 	. 
eter,anduse3O,000 	 . 

........- 	 - 

only  

Ccush. 	from pr..0ry ctrser 
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Rock Cutting 
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Mineral Proc essing 
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One responsibiJity of the minera' processing engineer and metalturgist is 

devising methods to remove valuabte minerals from the ore rock after lt 

iseo:of:heHn. 
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Refining 
Refiriing is usually the last step in processing metals. After 
smelting, a metal is dissolved in acid and electroplated (depos-
ited in a thin layer by electrolysis) as an almost pure metal. In 
copper production, the copper coming from ehe smeiter may 
contain impurities such as arsenic. The copper is dissolved in 
acid and then plated out in a way sirnilar to how a car battery 
works, by creating an electric current. The pure copper is sold 
to make wire or other products. 

Copoer w ing [0 be nlanuTacturRcl 

Another process of heat-treating rock or mineral is called 
calcination. In one example, caicination is used to transform 
caicite, the major component in limestone, into urne. (This 
was mentioned in the "Rocks and Minerals" section). Gypsum 
is calcined at 250 to 300 degrees Fahrenheit to remove the 
water of crystallization as water vapor. Calcined gypsum is 
called stucco. 
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After processing ore to recover valuable minerals, the leftover 
materials are called refuse, gangue, or tailirzgs. These must be 
disposed of in an environmentally safe manner. Disposal facili-
ties are designed to hold all the waste generated during decades 
of mining and processing plant Operations. 

Processing rocks and minerals is done in a plant that 
houses all the equipment and has storage space for 
ore, processed materials, and waste. Mineral process-
Ing requires moving and storing large volumes of rock, 
water, tailings, and finished products. Mineral process-
Ing plants can look very complicated with all the tanks, 
silos, conveyors, and pipes that transport materials 
from one stage to the next. 
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In the future, mineral deposits most easily mied from Earth will 
be depleted. Miners will need to dig deeper and work in more 
challenging conditions to mine newly discovered deposits. Other 
potential sources of minerals exist beyond these, however. lt may 
sound like science fiction to talk about mining the oceans or 
interplanetary space, hut we already harvest minerals from the 
ocean. Also, detalled plans are in the works to mine the moon, 
near-Earth asteroids, and even other planets. 

Miners have many reasons to look beyond the usual places 
for minerals. A mineral deposit in a remote location on Earth 
might not have water, electrical power, roads, or workers 
nearby, and the cost to install or 
obtain these might be excessive. In 
addition, the grade might not be 
high enough; that is, the mineral 
concentration might not be at the 
necessarv level to cover the cost of 
the machines and processes to 
mine it. Also, an unfriendly coun- 
try might control the only source 
of a certain mineral, charging high 
prices for it or preventing others 
from extracting it. Wars are some- 
times fought over such iesources 

Finally, the environmental 	 A L 
cost of minmg "the usual places 
may be too high in terms of loss 	 4 
of species (biodiversity), water 
and air pollution, damage to 
Earth's natural landscapes, or any 
combination of these. 
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Mining the Ocean and Seabed 
If you have ever tasted ocean water, you know how salty lt 15. 
The ocean is Earth's greatest storehouse of minerals. Besides 

Electrolysis 	hydrogen and oxygen that make up water, the most abundant 

removes 	elements in the ocean are sodium and chiorine, the elements 
that form salt. While these elements come mosily from surface 

magnesium metal 	erosion of the continental landmass, most sodlum is Ieached 

from seawater in 	from the ocean floor and most chiorine is emitted from Earth's 
interior by volcanoes and hydrothermal vents. 

one step. The 	Other abundant elements dissolved in seawater are magne- 

magnesium forms 

	

	sium, sulfur, calcium, potassium, carbon, bromine, boron, 
strontlum, and fluorine. Some are already mined from the 

alloys wkh other 	oceans. You are eating sah harvested from seawater if the pack- 
metals, especially 	age says "sea salt." Common salt is obtained from seawater by 

collecting lt in ponds where the sun's energy evaporates the 
alum3num, vater. The sah is left behind as sodium chioride crystals and is 

then harvested for consumption. Salt is used for seasoning and 
preserving food. lt is also used in water softening and for deic-
Ing roads in ntertime. 

- ------------- 	 - -- 	Bromine, too, is extracted from 
• 	 - ----------------. 	- 	seawater, lt is used in flame retar- 

"""" 	dants; water purification, particularly 
in swimming pools and hot tubs; 

- 

	

	pesticides; over-the-counter and pre- 
scription drugs; and photography. 

lodine is mied from ocean 
water hy harvesting seaweed, lts dry 
weight can have up to 0.45 percent 
lodine. Without iodine as a catalyst, 
or booster, plastic drmnking bottles 
would not be possible. Other uses for 
lodine include pesticides, 

medical applications, pharmaceuticals, and 
stain-resistant chemicals. 

J 
Seaweed 	- 	

: 	-- 
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MINING IN THF FUTURE 

The shallow nearshore realm concentrates some minerals. 
Gravel for concrete and beach reconstruction is mined by 
dredging the sea bottom dose to shore. Titanium dioxide is 
mined along beaches and offshore sandbars as the minerals 
rutile, anatase, leucoxene, and ilmenite. These are heavier than 
the rest of the sand grains, so gravity processing easily sepa-
rates them. 

Diarnonds and tn are also dredged from 
shahow waters dose to shore. Mnng these 
depends on dredgng and gravily separadon 
that can handle large voumes of materials, 	 UflCt diamonds 

Deep-Sea Mining 
Volcanic activity and hydrothermal vents on the ocean floor 
yield iron, manganese, copper, cobalt, and zinc. Harvesting 
these requires deep-sea mining methods. The crushing pressure 
of die water, frigid temperatures, and total darkness are among 
the challenges of deep-sea mining, New exploration methods 
are needed—mobile exploration platforms for deep-sea drilling 
and mapping, and remote sampling techniques. Remote-control 
methods and robotics are likely answers to the challenges. 

Some minerals might be scooped off the ocean bottom at a 
depth of two to three miles (13,000 to 18,000 feet). Manganese 
nodules, composed mostly of manganese and iron compounds, 
might be mined this way. The nodules are valued for other met-
als they contain—copper, nickel, and cobalt. 

For locating, sampling, and drilling these hard-to-reach 
deposits, new approaches are necessary. How can these miner-
als be dug from the ocean floor? How can they be brought to 
the surface? Can they be processed in factory ships or shipped 
to processing plants onshore? What is to be done 
with leftover materials after separating the 
desired metals? These are questions that  
still must be answered for a successful 
deep-sea mining operation. 

Manganese n cxiulo 
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Protecting the Marine Environment 
The environmental impacts of ocean mining must be considered before 

launching any operations. Where unique marine habitats exist, mine 
Operations face restrictions. 

• Seasonal limitations may be necessary to protect marine 

organisms during special life stages such as breeding and egg or 
embryo development. 

• Dredging changes seabed topography which may need to be restored. 

• Mining could displace certain bottom-dwellers. Miners will need to 

consider how long lt would take for these organisms to recover and 
reestablish colonies. 

• Miners will need to limit the amount of disturbed seafloor sediment 
that increases cloudiness or turbidity (measure of light transmitted 

through water). 

£ 
-‚- 

1u : 
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Mining in Space 
Most of the Apollo astronauts were not geolo- 
gists, so they received extensive training in geoI 
ogy before their moon missions. lt was essential 
for them to know about rocks before they 
landed. Rocks would reveal how Earth and the 
moon were similar and whether they shared a 
common origin. 

In 1972, the last moon mission landed a 
geologistastronaut on the lunar surtace so that  
a better geological assessment could be made. 
Harrison H. "Jack" Schmitt, holder of a Ph.D. in 	- 
geology, could expertly judge the rocky terrain and quickly s w 
the potential mineral wealth right at his feet. He later proposd 
commercial ventures to mine lunar helium-3, which could theo-
retically be used for fuel for nuclear fusion, replacing nuclear 
fission and fossil fuels. 

Developing such space enterprises would heip to use 
resources from space to support human space activities and set-. 
tiement, and heip develop efficient and cost-effective ways to 
launch large payloads from Earth into deep space. 

Challenges of Space Mining 
Mining methods in space would resemble those on Earth, but 
adjusted for the absence of oxygen and differences in gravity. 
Surface methods will be used when minerals are at or near the 
surface. Devices will collect magnetic metals and minerals such 
as those associated with iron meteorites. Underground shafts will 
be dug when the target is a deep lode or vein. Space miners will 
likely melt ice to get water and to generate oxygen for breathing. 

For interplanetary mining, the equipment would have to be 
shipped or manufactured in space on site, or shipped as parts 
from Earth, then assembled on-site. Space mining poses major 
transportation challenges at every stage that must yet be over-
come. Designs are on the drawing boards, however, for space 
barges, space tugs, and power-generation systems. 

Another issue is whether to process raw materials on-site, 
ship them to mills on Earth, or transport them to mills on spe-
claIly designed space stations. lnterplanetary shipping of large, 
bulky loads will be expensive, so processing on-site will proba-
bly be more cost-effective. This does not eliminate the problem, 
since refined metals and maybe industrial minerals will have to 
be shipped, too. 

Iron, nickel, 

platinum, and 

cobalt are among 

the valuable 

elements that may 

be mined from 

asteroids or other 

cosmic bodies. 
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Just like on Earth, an interplanotary expiorotion team must 
ciecide whothcr tu use robot or human operators. 

Hauling, crushing, and screening all depend on gravity to 
some extent, so these steps need modification for smaller cos-
mic bodies with less gravity. Enclosed circuits using magnetic, 
electric, or pneumatic (air pressure) transport may solve the 
problem, or previously unforeseen technology may be devel-
oped. Flotation processes will face the similar challenges of bw 
gravity, limited water, and exposure to the hazards of space. 

High cost is the main concern for any space operation. 
Today lt would take billions of dollars to explore, mine, 
and ship mere ounces of materials to Earth. lnstead of 
bringing the minerals to Earth, space mining might best 
be applied as what is called "in situ resource utiliza-
tion:' where materials are found, extracted, processed, 
and used right at the site. Mined materials would be 
used for constructing and maintaining space stations or 
human settlements in near and deep space. 

Even so, interplanetary mining remains an expensive 
proposition. Only space-faring nations with the incentive 
and economic means could plan such ventures. 

UHE 

Solar generators 

or nuclear energy 

could provide the 

electrical power 

necessary tor all 

the operations 

needed in 

space mining 
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lt's always best to recycle whatever 

you can. Most Americans know the 

4 	expression "Reduce, Reuse, 

but do most of us reaUy do that? 

Recycling Metals 

'1O iI1eidLs tenIdlll usaoie even alter tne proclucts tnat um 
them have reached the end of their lifespan. Recycling metals 
saves the energv that is used to separate them trom their ores. 
Also, the hauling of the recvcled obiects is usually, shoreer ihan 
from distarn mied sources, further saring energ« and 
materials used in mining. 

Worldwide demand for metals grows steadily at 1 to 3 
percent annually. Even this apparently slow growth rate 

means additions must continuaUy be made to the metal 
supply. New suppties come from new mine develop-

ments, expansions of existing operations, increased 

recycling, or all three. 

	

Typicaily called scrap metal, recvcled metalls c 	Drized 
as eithe :ew or old scrap. New scrap comes from pte- msumer 
sources generated from the manufacturing of differei Dducts. 
Some gold, for example, is wasted unintention- 
ally in the production of je%velry. 
The unused waste gold still has 
value, so the jewelry ma: 	 - 
seils it to ‚a scrap dealer. 

All 	 'U 



ae ab to account for about 85 percent of all 

Ccc 

 

goid ee mned. About 15 percent is lost, 

ehctror,ics because the amourit 

of gold eachdeviceistootinytobe 
ecco. red economicallyThe rest 

of the world's mined gold is 
held as heirloom jeweiry, 
c«r'Fs, and gold bullion (bars 

o'ingots). 

Old scraT cc 	from post-consurner 
applies gene co ' oen an item has 

reached the end of its usefulness. Cast-off 
iewelrv, dental gold (gold teeth), act the 
gold components of unwanted ee:::cnics are 800ü 

examples of old-scrap gold Coc:s::s another 
commoniv recvcled metal. A 	or more of annual 
consumption comes from 	1 scrap copper. 

Other metals tvpicall 
recvcled at scrap vards 
include alurninum, brass, 
lead, silt-er, platinum. iror 	/ 
steel, and zinc. Most of 
these are recvcled bv mar 	j 
ufacturers as new scrap.  
Muchoftheoldscrapis 	 4. 
rescued from ehe waste 
stream and recvcled bv 

JIk 

hdividuals committed to 
-alvaging such materials. 	 1 

Recycling one aluminum can saves enough 

energy to tun aTV for three hours. 

Source: Can Manufacturers Institute 
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Sanitary landfills will probably be one source of 
minerals in the future. Metals ancl other materials 
could be extracted from them, processed, ard refied 
for reuse. 

"Recycling" Landfills 
Except for the items that people conscientiously recycle and 
reuse, the vast majority of material entering the waste stream is 
picked up as municipal waste and placed in sanitary landfills. 
Waste in landfills is buried between layers of earth and isolated 
from the environment until it breaks down biologically, chemi-
cally, and physically. 

Mining municipal lancifihls will require special skills and 
techniques to protect air, water, and soil from contamination. 
Care will be needed to restore or reclaim the sites for uses such 
as farming, forestry, recreation (golf courses, public parks, zoos, 
ball fields, etc.), or industrial parks tor factories and 
other businesses. 

Most of the consumer waste in landfills still has value. How coud we 
recycle everythir,g? Organics (substances of plant or anma( orgn coud 
serve as compost and be used as fueL SoLds such as pastics couki 
become fuels orthe basis tor new products. Grass coud he recyced tor 
netv glass or energy saving insuaton. One innovation is to use gass 
fibers with cement to form a stronger type of concrete. 
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Experts believe lt is more effective 10 elimii;a:e raz 
where thev occur. An example is using roof bolts to prevent 
roof fall accidents bv holding up an underground mine roof, 

eel rods. 4 to 16 feet Ion-, anchor the roof rock in place. 
.:]tiiation systems heip ensure air quaiitv. When coal rock 

?ases flammable methane gas, ventilation dilutes its concen-
:ion. Large fans on the surface and auxiliary fans inside the 

mine provide ventilation throughout underground tunnels and 
shafts to accomplish this. 

Underground miners use a "self-rescue device" fcr :3rc 

tection from carbon monoxide gas and when escaping 
from smoke andtoxic gases in case offire Dr excosion, 

Environmental MonitoringTechnotogy 

liifferent ins::::nents, often han-.. 	i:s, detect hamiful 
and flammable gases, dust, fumc. 	radiation, aixd 
ensure that adequate oxvgen is pres::. Some monitor 
manv gases at the same urne. Others measure airfiow in the 
ventilation system. 

Instruments mav be stationarv or attached to mobil( e: 
mcm. Thev measure environmental iactors—such as 
carbon monoxide levels—in the mine, relving on 
telemetrv (wireless communication) to send 
data to central control stations. Computers 
monitor ventilation fans in underground 
niines. Other devices track the position of 
miners so th.t mobile equipment doen t 
run into them. 

Detection systems warn miners of an 
developing fire. Alarms announce the need tu 
take action. lt mav mean 10 evacuate the mine 
on in an underground mine, to seek sheP - 
in a refuge chamher. GPS netvorks 	 4 
heip surface mines pinpoine equip-
ment and heip isolate hazards as 
ther occur. 
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Remote Controt and Automation 

Computer technologv has radicallv improved mine safetv and 
health. Man niining machines are remotely controlled to keep 
die miner from exposure to moving parts, dust, noise, unstahle 
ground. etc. The introduction of rohotics is helping miners 
reduce exposure to unnecessarv risks. Some surface mines now 
use haul trucks that run withot i driver, using satellite naviga-
tion and robotics. 

- 

Mine rescue wc.r.  uses .. rack-mountecl 
wo -- 

Automation and robotics will increasingly be used as 

people mine deeper deposits less accessible to miners, 

such as very thin deposits. 
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Abandoned Mines—  
Keep Out! 
Mmcc are not like cav 

ems open to the public 

for tours and recreation. 

Every year, dozens of 

people am injUred or  

killed in accidents on 	 .. - 

mine propey. Active 

mines are dangerous 

piaces even for highly 

trained workers and are 

regularlv inspected for 

hazordous conditions, unlike abandoned mines.These are not inspected 

and probably not ventilated, which means toxic or explosive gases may 

be presentTripping and falling is common in abandoned mines--they are 

unlit and have no guardrails 

Quarry ponds, too, are dangerous. Diving into thern is extremely risky 

hecause pond depth can vary greatly and abruptly. Riding dirt bikes and 

quads 'founwheelers) or otherwise trespassing on mine property is dam 

gerous aH illegal. High walls or steep cliffs may not be weil rnarked. 

The MSHA has a national public-awareness education campaign warning 
people how dangerous it is to explore and play on active and abandoned 
mine sites.The "Stay Out—Stay Alive" program joins with more than 70 
federal and state agencies, private groups, businesses, 
and individuals to educate the public. 

"Stay Out—Stay Alive" partners visit schools, 
communities, and youth groups to teach them 
about staying clear of active arid abandoned 
mines.To arrange a presentation for your troop, 
contact your local MSHA office or state mining 
agency. Information is available at 
http://www.msha.gov/SOSA/SOSAhome.asp.  
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Sustainability  
Sustainability relates to harvesting resources in ways that do 
not squander them or permanently damage the environment. A 
sustainable lifestyle or society meets today's needs without 
using up natural resources for future generations. 

Mining in Society 
By now, you know how important mining is in our society. You 
have Iearned the old saying of miners: "If it can't be grown, lt 
has to be mied." Mining provides, directly or indirectly, many 
of the raw materials needed to sustain life and maintain clviii-
zation. Unlike raw materials that are grown, the products of 
mining are not renewable. The mineral resources available to us 
are iimited by our ingenui:v,  to find and recover them safely. 

Renewable resources can be replenished or replaced 
over time and measured in human terms, such as withm 

generations. An example is growing new trees for 
umber after harvesting the site by logging. 

Metallic, most forms of energy, and industrial 
minerats, however, are nonrenewabte resources.They 
cannot be replenished at rates that match human 
timeframes. Minerals require vast stretches of geotogc 
time to concentrate them in deposits suitable for mining. 

Mining directly affects the natural environment :hile 
working to meet the needs of a modern global economy. In this 
way, the Job of mining is unique. The industry most find and 
extract mineral resources, while keeping in mmd that sustain-
ability calls for meeting the needs of future generations and 
conserving the environment. That means balancing the demand 
for products and materials with good stewardship of the land. 

ry N 

Recycling is a 

way to make 

minerals "partiaiiy 

renewable." 
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The U.S. Environmental Protection Agency was formed in 
1970.The Boy Scouts of America introduced the 

Environmental Science merit badge in 1972 to teach 

Scouts about conservation and care of the environment. 

In 1977, Congress passed the Surface Mining Control and 

Reciamation Act to regulate the environmental impacts of 

mining. In 1983, the United Nations appointed the World 

Commission on Environment and Development to unite 

member countries in pursuing sustainable development. 

When it comes to sustainability, most mining operations 
face these chaIlenges: 

Dwindling mineral resources have forced operations to move 
nearer to areas that are environmentally or culturally sensi- 
tive, or more denseiy populated. 

Population growth has moved people cioser to existing mm- 
For more about ing operations. 
sustainabHity and • New mineral resources tend to be found in remote locations, 

renewable often in undeveloped countries. 

Greater environmental awareness among the public, elected 
resources, see  

officials, and the media have brought mming operations 
the Sustainabi/ity under cioser scrutiny. 

meritbadge 
A Framework for Sustainability pamphlet. 
The Sustairzability merit badge pamphlet shows a model of the 
three Ps—people, prosperity, and the planet—tied to the three 
Es—equity (fairness), economy, and environment. In mining, a 
fourth ethical component—governance, or safety—can be 
added to the mix. Each essential element depends on the other. 
Improvements in one area often come at the expense of 
another. Consider each element in the framework and how the 
elements interact. 

People and Community 

A mining company is made up of people—its workers, as weil 
as its customers and neighboring communities. Responsible 
companies recognize community (people) pnorities while plan- 
ning, when mining, and during reclamation. 
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Für example, when planning a new coal mine in southwest 
Pennsylvania, the mine company met with more than 200 citi 
zen groups to explain how the mine would be a good neighbor. 
In another instance, the geologist für a new stone quarry near 
Washington, D.C., explained the geology and rocks to 20,000 
secondgraders. Through them, he reached their parents, who 
initially opposed the mine. As a result, local opposition ended 
18 months later. Treating people fairly is important to maintain-
ing a positive footing. 

Planet and Environment 
Earth provides essential resources für life. Without air to 
breathe, food to eat, and water to drink, we would not survive, 
Other resources add convenience and comfore to our lives. As 
our quality of life improves, few of us would want to go back to 
the way things were before we had cars, paved roads, electric-
ity, indoor plumbing, and ccli phones. 
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Mineral resources can be wasted by poor mining methods. 
Responsible companies respect the environment by using and 
producing resources wisely. They take into account environ-
mental impacts in each stage of the mine's hie. 

Water and air used by mineral processing operations are 
subject to strict environmental regulation. The goal is to reduce 
the effects of mining operations to balance the benefits that 
society receives from the mied resources. Mineral processing 
plants treat water to remove solid or dissolved substances 
before releasing water into the environment. Water is treated so 
that lt is not cloudy; it has a neutral pH (not acidic or basic); 
and impurities are below natural levels of local streams. Other 
equipment removes dust, toxic gases, and other cornpounds to 
prevent them from entering surrounding air. 

I i  

s'  

nteractions 
People, businesses, and the environment 
are all essential parts of sustamnabihity; 
they interact. Responsible mining com-
panies recognize these interactions and 
know how to be good neighbors and 
stewards of the land. As a Scout, think 
about how you can make a difference 
through the Scout Law and principles of 
sustainabihity. Consider these examples 
of how a Scout is: 

Trustworthy. Sustainabihitv starts with 
you. As a young leader, you can help 
by recycling and by advocating low-
impact solutions to everyday issues. 

Loyal. Demonstrate sustainabihity 
by reminding others how we share 
limited resources. 

Helpful. Make a difference in your fam-
ily and community—and help our 
world—by using only what you need. 

Clean. Respect our world and the 
valuable resources we consume every 
day. Set an example hy disposing of all 
waste properly, using hess, and protect-
ing resources more. 
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Mine Land Reciamation 
Mmc land reciamation is a part of sustainability. Before mining 
begins, the condirion of the land is assessed. Land use, water-
sheds, topography, and wiidhfe habitat are considered. The 
future effect of mining on each is determined, and plans are 
made tu restore the land. One goal of mine land reciamation is 
to return the land to as good or better condition than it was 
before mining hegan. In this way, reclarnation is similar to 
Scouting's no-trace principles. 

Oftentimes land uses change after mining. The goal is to 
prepare the land tor better use. Für example, the King co 
Highway being huilt across southern \Vest Virginia linI':e 
mine reclamation sites together to complete the constr::i f 
ihe highwav. \Vhen mining is finished, the highway w need 
only the road surface constructed, saving millions of dollars. 
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L 	d r 	aimed for commercial an 1 	. n 	1 use 

10 restore mine land or 
prove the land to benefi-
1 use, steps are taken to 
aserve qualities that have 
ecial value, such as topsoll 
d vegetation. Reclamation 
-ins vith stockpiling top 
il. Then the topsoil is 
mied with native vegeta- 
n to heip prevent erosion 

01 the stockpile and preserve 
native plant species This 
ropsoil is then spread over 
the disturhed land vhen 
mmning ends. 

The mining industry 
takes mine land reciamatmon 
and restoration sermousiv. 
Tbp indusIrv sees hov stev- 

p of the land. from 
ich ii draws its livelihood 

.d veaIth, achs great value 
communities. 1: also heips 

c.:rich the public's under- 
modi -. f the reclamation 

and re- ation process. 

tu dU d J 	os in progress .  

Land redaimed 
for use as 

irpot 
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The workers at a processing plant operate equipment for crushing and 

screening; physical and chemical procedures, especially in metal mines; 

haulage and mobile equipment lab work; mapping and surveying; and 

other tasks.These are supported by software specialists, mechanics, welders, 

machinists, electricians, general laborers, and equipment manufacturers. 
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The minimum educational requirement for technical workers 
typically is a high school diploma. An associate degree or trade 
school education will heip the worker meet requirements for 
positions of greater responsibility and higher pay. An example 
is the electrical certification required for an underground electri-
cian, who is paid more than a typical laborer in a coal mine. 
Underground professionals tend to earn more than their coum 
terparts in surface rnining. Many trade skills are obtained 
through programs provided by the mining company in combi-
nation with on4he-job training or community colleges. 

John LieweJyn Lewis 

11880-1969 was an 

American leader of orga 

nized abor. Frorn 1920 to 

1960 he served as prosh 

dent of the United Mine 

Workers ofAmerica. He 

JF also worked to estabhsh 

the Congress of Industrial 

Organizations, organizing 

millions of industriel work 

ers in the 1930s. Under bis 

ieadership, coal miners 

won high wages, an eight-hour work day, good pen- 

sions, ana good rndicaI benefits. 

The c?Pabon ofthe UMWAWelfare and Retirement 

Fund was o rhps his greatest iegacy.The fund helped 

estahlish eight regional hospitals and rnany medical 

clinics in Appalachian coal country. In 1964, President 

Lyndon Johnson awarded Lewis the Presidential Medel 

of Freedorn, the highest civilian decoration in the coun-

try, recognizing bis manv contrihutions to the 

labor movement. 
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Professional Personnel 
Many different kinds of profes 
sionals are needed to explore for 
minerals and to mine them; to 
plan new Operations; or to man- 
age a mine. Mining professionals 
include geologists, mining and 
geological engineers, metallur- 

5 
gists, civil engineers, mine 

• managers, and environmeiital 
specialists. These positions 

* • require a college degree, and in 
some cases, graduate degrees. 

Professional personnel eval- 
ua te  the mineral or ore deposit 
for its economic potential. They 
create mining plans based on 
those evaluations. Scientists 
and engineers work together to 
plan and build the processing 
plant(s) needed to treat the ore 
or rocks after they are hauled 
out of the mine. 

= 	-... 

L. 	.- 
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lt takes many thousands of people to mine all the rnn-

erals and fuels we rely on and use. Mining provides 

above-average iricome to miners; pays taxes to local, 

state, and federal governments; and often works with 

local communities to improve the quality of life for 

its neighbors. 

Equipment manufacturers and service companies support the 
mining industry, too. A wide variety of products is delivered to 
mines, ranging from office supplies to explosives, to heavy 
equipment. Service companies may provide security for the 
mine site; workers for short4erm maintenance positions such as 
welders, rnechanics, and electricians; and consulting engineers 
for almost every aspect of mining and processing. 

There are careers in regulating the mining industry on 
local, state, or federal levels. These include health and safety 
inspectors, reciamation and water quality technicians and 
inspectors, and environmental quality experts. 

Herbert Clark Hoover (1874-1964), was a 
mining engineer and scholar before he 
became the 31st president ofthe United 
States (1929-1933). His mining career 
began in 1897, in the gold fields of Western 
Australia. He later traveled to the Far East, 
where he worked for the Chinese Bureau of 
Mines as chief engineer and then as gen-
eral manager of the Chinese Engineering 
and Mining Corporation. Hoover became 
an independent mining consultant in 1908, 
setting up offices worldwide. His mining 
ventures brought hirn wealth, but he was 
also famous as a published scholar. 
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Notes 





MERIT BADGE LIBRARY 
Though intended as an aid to Boy Scouts, Vars  Scouts, and qualffied Venturers and 
Sea Scouts in meeting merit badge reciirements, these pamphlets are of general 
nterest and are made available by r'.a'i schools and public libraries. The latest 

revisior: date each pamphlet might not correspond with the copynght date shown 

below, 2eoa..se this list is corrected only once a year, in January. Any number of merit 
badge pamphlets may be revised throughout the year, others are simply reprinted until 
a revision becomes necessary. 

fa Sco 	a -eady started working on a merit badge when a new edition for that 
pac'e: 	 he "aycontinue to use Ihesame merit badge pamphlet to eam 
the a -ve a- .c 	'e e:rements there•.. :1 other 	the Scout need not start 
over again witrt tne rtew pamphlet and possioy revisec requirements. 
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--encan cuftures 

An 
Arra- 

Animal Science 
Archaeoogy 
Archery 
Architectu and 

Ls-tscape Archftectize 
Art 
Ast.my 
Athletcs 
Automotive Maintenance 
Aviation 
Backpac 

8r: Sdy 
Bugung (See Musc 
Camping 
Canoerng 
Chemistry 
C h es s 
Ci 	tography 

Aoviemaking) 
Citizenship in the 

Commurity 
Citizenship in the Nation 
Citizenship in the World 
Chmbing 
Con Cotectng 
Collections 
Communicaton 
Comoosite Materials 

Technology) 
Cookn 
CrirneF 
Cycling 
Oentstry 
DigtaITeeh 
Disabih es •. a-etless 
009 Cs'e 
Drafting 
Electricity 
Electroncs 
Emergency Preparedness 
Energy 
Enginee  

Merit Badge Pamphlet Vear 
Entreprerieurshp 2013 
Envionmental S: e:e 2006 

y Ute 2005 
Mechanics 2014 

-cerpnntng 2014 
z e Safety 2012 

2007 

Onis 

5 

	

actsng 
	

2010 
2s gy 
	

2013 
Grat 
	

2012 
Grap 
	

2013 
Hikin; 
	

2013 
Horns 	- 
Horse 1 
Indian Lore 
	

2011 
nsect Study 
	

2008 
riventing 
	

2010 
Joumalisrn 
	

2006 
Kayakng 
	

2012 
Landscape Arch :e'jre 

see Architectre 

serwork 
avng 

-imal Study 

ealwork 
Mnirg in Socety 
Moclei Design and Du. 
Motorboating 
Movemaking 
	

223 
Music ard Bugling 
	

22' 3 
23' 4 

Science 
	

2'3 
O:.aphy 
	

2'2 
ng 

Pain 
	

2012 
Pers 
	

2013 
Pe, Management 

	
2012 

Pelz 
	

2013  

Merit Badge Pamphlet 
Photogre 2 -. 
Pioneen- - ; 
Plant Sc 
Plumbin:. 
Pott&y 
Prograrr 
°bhc heatn 

bic Speaking 
Pip and Paper 
eadio 

ziroadinc 
eadirio 

Feptie s: 
Amphibian Study 
le Shooting 

-obotics 
W1fl9 

Safety 
Saesmanshp 
Schoarshp 
Scoutirlg Heritage 
Scuba Diving 
Scupture 
Search and Rescue 
Shotgun Shootirig 
Skating 
Smal-Boat Sating 
Snow Sports 
Iz„ql ansI Weter 

Cons - . 
)ace 1 

2c ecting 

5 wmrnlng 
extie 

Teater 
Traffic Sse 
Truck T' ,-  s:ortation 
Vetennary Medicine 
Water Sports 
Weather 
Wedirig 
Whitewater 
Wderness Surviva 
Wood Carving 
Woodwork 

Year 
2013 
2013 
20-- 
20

-11 
 

2014 
2014 
2013 

2010 
2013 
2013 
20 - 2 
20'2 
20'-
20 
20' 
20' 3 

2011 
2004 
20" 
20' - 

2008 

2012 
2030 
2C'2 
2C '-  
2c: 
20 - 
2C - 3 
20' 2 

2( 
20' 3 

20' 2 
20 3 
2V5 
2C' --- 
20' 
2U2 
2C -  .'z 
20' 3 
20 
21 
21. -  - 
2' ,  2 

Year 
2013 
2013 
2014 
2012 
2010 
2013 
2011 
2013 
2013 
2013 
2013 
2013 

2014 
2012 
2011 
2014 
2013 
2013 
2014 
2014 
2009 
2014 
2012 
2013 
2005 
2013 
2014 

2013 
2013 
2012 
2013 
2004 
2013 
2014 
2014 
2014 
20 3 
2C3 
2012 
2014 
2C'--  
20' 2 
2G15 
2012 
2014 
2011 
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