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Figure 153 Blastfurmace. Soch towetke fomacs e wied 0
e meca fom b i the oxe. The cocegy forsmelin comes
{rom a biat of esed e

reactions take place throughout the fumace 35 the ore moves
Gowmard: The iron ore reacts with coke 10 form molien iron and
‘crbon dioxide, whereasthe imestone reacs with impuriicsnthe
re o form a malien mixture clld sag. Both molia ron and sl
ot at the botomn, bt sk fosts on mlien ron because it s
Jess e than iron. The sag iscooled and then disposed of. Note
{he veat forexhasst gases e the op of the iron smele in Figure
5.3 1 i polltion-<ontrol devices are no nstalld, (oxic gases
1 2 ulfur oxides re anited durin smeling.

1. Whats thediflerence between high-grade and owrade ores?

2. Whichtypecof mining—srace miningo subsurace mining-—ismore
Pl tthe enitonments Which type s more xpensiveto do7

3. How does magmatc concentaton form minera deposs?
. Hware minersl deposits discovered?

Environmental Impacts Associated
with Minerals.
CeARNING OBIECTIVES
- Eplain the enironmental mpact o miing and refining mine:
S nclucing  bef descrption o ad mine rainage.
. Eplin how mining ands con be restoed.

There is o question tht the extraction, processio. and dispossl
of mincrabs harm the environment, Mining disurbs and damages
‘he Iand. and pocessing and disposal o mineals pollute the 3,
i, and et As noted i the discussion of cou i Chupter 11

b can b ol and damaged s can b flly o
o e o e s conly, il b
Pl e acing procesing. and dispsin of
el eporasd no e st pie o mierl

st o conume.
P et hghly developed counties have egoltory mechanisns
el damage from mivral consmpln
e ot  he s of g o8
e cchaiae inclde plce o prevent o
e e, r i cs, and xcde <t (57
P iames sts o minrl devclopment

MINING AND THE ENVIRONMENT
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Figure 154 Acid mine drainage contaminating 3 stream.
Shown s the charc 3 e hat co

i contaminaed wih lead, sneric, i, e, o
Photographed in Preston County, Wes Vigaia

Cost-Benefit Analysis of Mine Development
gest that be

Environmeotal
e  decision is mide 1o develop 3
oeine, 3 cost-benefit analysis should be performed that includes
e panelits of the mine in dolla terms verus the benefits in dollar
s of preserving the land iotac for widife habiat, ranchers.
e, ndigenous people, watenhed protecton, and recre
s cconomic analysis should inclode the cost of damage
o the cnviroament caused by extracting and processing mineral
e ources, The evaluaton should take info accoun the fact that
et time, th benefits ofthe mioe will ecline asthe mineral ore
O ausied, whereas the benefit o the natural eoviconment will

kel ncrease. in part because natural arcas are becoming rarcr
e amber of developed arcas increases. When a cost-benel

o st o this typ s performed, i may ndicate that pescat and
oo benelts of preserving the and ar greatr than prescat and
ot benefits of developing a min.

ENVIRONMENTAL IMPACTS OF REFINING MINERALS

O average, approximaely B0 or more of mined ore consits
o impunics that become wastes afle processing (Table 152).
hese wascs,called tallings,are usvally et in gian ples on the
o o inponds ea the processing plats (Fgare 15.5). The
it contan toxic mateials such s cyanide, mercury, ranium,
S lfurc acid, Lef exposed in this way, these toxic substances.
S otaminate the i, o, and water (Figure 15.5b) Heavy metals

Moersls 297

e and Waste productionforSelected Minerals

PercentogeofOre

Amount of inedOre

Thot Becomes Waste

During Refiing”

) This scial iew shows tlig poods
b

mineral waste,located

M alogs ste
b S g
Outance dounstroan incrosk ()
9 Disolscd wranium from tilins contaminaos  crek dowastrar of
‘2 fonmer rasum snd coppe mine in soutbeasier Uta,

Figure 15.5 _ Environmentalimpact of disposed tallings.
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in mive alings o the Bunker Hll Supectund site in nochern
o, for cxample, have leached (washed) intothe south fok o
the Coeur &° Alene River, killin fishes and waterfowl,

‘Smeling plants have the pote

quanties of
s pollatans during mince processin. One mpuriy in many
nineral oes fs sulfur, Unless expensive pollution-contol devices
added to smelters, the sulfr escapes into the atmosphere

e it forms sulfuri acid. The envirommental implications of
the resulling acid precipitation sre discussed in Chaptr 19. ol
sed when

crubber and clectrostate pre-

me o tho
sulfur-contining cos s burned
cipitaons (e Figuee 199).

‘Other conaminants found in many res inclode the heavy
metals lsd. cadmim, arsenic These clements have

e the stmosphere during the smeling pr

cess. Codimium,foe xample, i found in zine oes, and emissions
{rom zinc stmeliesace & msjo soure of environmetal cadmium
contaminaton. I humazs, cadmium s linked 1o high blood pees:
S discase of the liver,Kidneys, and heart and certan ypes of
cancer In aition 10 aitborne polltants,selies it haza
Tiquid and sl wastes thatcan cause sol and waterpolluton. P
Iution-contrl devices prevent such hazardous enissions,althogh
1he tonie matrials coptured must b saely disposed of ot tey will
Sl ause environmental poluion.

the potential o pol

case 1w poiNT

‘COPPER BASIN, TENNESSEE
Copper Basin, Tennessee, in the southeas corne of Tenncssee
ear it borders with Georgia and North Carolina. i & hisorc
xample of environmental egradation cawed by smeling. Unt
Tlatively eceaty,the Copper Basi arca progressed from lish
orests o pancrna of e, b bl bkinginthe sun (Figure
15.6a). Few plant o simal specis coukd be found—jus 130 ks
(50 mi of hill with deep uts gouged ino them. How did this
degradaion oceur?

Durin the middie of the 19t century. copper ore was dis
covered bear Ducktown in southeastern Teanessee. Copper mis-
g companiesextraced the oe rom the ground and dug Yas pits
{0 srve as open-ir smeltes. They cut down the surounding irees
and borned them n the smeliers o produce the high temperatures
ecdd o separae copper meta from dber contaminants i the
ore. The ore contained great quantiis of sulfr, which rescied
with oxygen i th ai o form sulf diowile. As sulfo dioxide
fiom the smeliers billowed ino the atmospher, it reacted with
water, forming sulfuric acid that el as e pecipiation.

“The defresaton and acid precipittion tggered ccological
i of he arc within  few short ears. Acid precipitation quickly
Killd any plants atemping 3 comeback afce removal of the for-
s Because plants nolongercovered the sl and beld it inplce.
il crovion cut massive gullics ato the ey olling hill. OF
Cotuse, the forest aimals dissppeared with the plants, which bad
rovided thei shete and food. The damage did not stop there.
Soi edingfromthe Copper Basn,along With acid precipitation.
ended 0 n the Ocoee River, Killn s e quatic community.

Beginning i the 19205 and 19305, several government agen:
cie,including the Tennessee Valley Autboriy and the U.S. Sail

et teplant  portion of the srea. They
e und black locust rces s well as

Conservation Servie

e ilions o il i
% ind-cover grasses and legume plaats that toler

o the plants died. The succes of such effots
when land reclamation specialsts

o s v e 19705,
s “new techaiques such as application of seed and time
Thess plants hd 3 greae

eleaed fetilizer by helicopier
. and o they became cstablishd, her oot held the sl

o e Leaven dopping o e ground conebuted rganic mate

e st The plans provided shade and food for animals
s trds and fekd mice, which slowly began foretum.
Taday, reclamston of Copper Basin continues uader a 2001
sreement between the stae of Tenessce and the U, Environ:
e Proection Agency, with th goal of havin the entre arca
et plan cover (Figure 15:6b). (Of course, the fores ecosys
ta century o two.) Water treat
c fish and

{ein's fll recovery will ke a I
Tmeat eforts ave also resoring the Ococe River, whei

1) Ai pollaon fom  coppee sche i Tennesee Kild e
Spetaion and hen vaer oo carved gllics it the illdes.
T sesord section of Cogger Basin was phographed in 1973

) A s of Copper Basin it b b eorsie.

FIgUre 156 Environmentaldeastation nesr oucktow,
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RESTORATION OF MINING LANDS.

‘When a mine is na longer profiable, the and can be reclaimed, o¢
restored 10 a seminatural condition, as has been done (0 most of
the Copper Basin in Tennessce. The goals of reclamation include
preventing further degradation and ecosion of the land, liminatiog
or neutralizing local sources of toxic pollutants, and making the
and productive for purposes other than miring. Restoration also
makes such areas visually atiractive (Figure 15.7).

A great deal of rescarch s availabe on technigues of resor
ing lands degraded by mining, called derelct lands. Restoction
involves filling in and grading the derlictland (0 it nan
tours, then planti
Tishment of plant cover is not s simple as throwing a few seeds

al con

Vegetation to hold the soil i place. The estab-

on the ground. Often the topsail is compleely gone or co
toxic levels of metals, so special types of plants that folerae such 3
challenging environment must be used. According 1o experts, the
‘main limitation on the retoration of derclictlands is ot  lack of
Knowledge but a lack of funding.

‘The Surface Mining Control and Reclamation Actof 1977
reqires eclamation ofarcas that weresurface-mined for coal (see
‘Chapter 1), However, no federal law s n place 0 fequie feso-

o of derelict lands produced by oth es. Recall
from the chapie introducton that the General Mining Law makes
o provision for reclamation.

Kinds of

Creative Approaches to Cleaning Up Mining Areas _ Although
etlands are widely known to provide benelicial widiife habiats.
few people relize the potenia o wetlands o belp clean p former

Figore 15.7 Reclimed costmined and. Prio 0 eclamsion.
- st n Kentocky containedrefose and b and ssociaed
Vit coa mining e

A

299

‘nining lands. Wetlands tend to trap sediments and pollutants th
enter them from upstream areas, s0 the quality of water resources
Tocated downstream from wedlands s improved. Althougha single
Wwetland providesthese beneft, a series of wetlands constructed i
the affected drainage basin is much more efectve.

‘Consider the area around Butte, Montan. where COpper Was.
mined for 100 years. This area i the argest Superfund sie in the
United Sttes. s sl and water are contaminted with copper,
sine, nickel, cadmium, and arseaic. Many cleanup technologics
‘re being developed and tested in Bute, including the design and
Construction of artificial wetlands. As contaminated Water seeps
{ato the wetland, bacteria consume the sulfur draiing from the
mines, making the water less acidic. As the water becomes Jess
acidic inc and copper precipitate (setle out of solution) and enter
{he sediments. Constructed wetlands typically take 010 100 years
{o neviralize the acid enough for aquatic life to retum o ivers
i streams downsream from acid mine drsinage. This time es
e i based on observations of more than 800 wetland sysiems
Constrcted i coal mining stes in Appalachia, the region in the
‘astern United Staes that encompasses the central and southern
Appalachian Mounta

Creating and maintaining wetlands is expensive, although
{tis cont effctive when compared (o using lime to reduce the
Wwater's acidity. Recently, scientsts at Butte have tried an inex-
pensive approach that involves cow manure, & “resource” readily
Svalable in Montana. Dumping cow manure onto mining lands
causes the pH of the mine drainage water 10 increase s bacte.
tia consume the manre. Toxic materials precipitae out of the
basic water, justas they do in the artficial wetlands, improving
the water quality.

‘Scientiss e also using plants o remove heavy metals from
former mining lands. Phytoremediation is the use of specific
plants 10 absorb and accumulate toxic materials such as nickel
from the soil. Althovgh most plants da not toleate soils rich
nickel, some plants, such s twist flower (Sreptanthus polygaloi-
des, thive on it This specics i a hyperaccumulator, & plant that
absorbs high quantites of a mefal and stores it in it cells. The
plants can be grown on nckel-contaminated land, harvested, and
auled to & hazardous waste site for disposal. Alternatvely, the
plants are burned. and nickel s obtained from the ashes. Phytore-
mediaton has great potential t0 decontaminate mining 80 other
hazardous wastesies and o extract valuable metalsfrom soi n an
cavironmentally beaign way. (See Chapter 23 for futher discus-
sion o phyloremediation.)

seview
1 Whatare v hamfol evronmetal efectsof ining and
cessing minerals? Sl

2. Avemining lands usualy restored when the mine s o longer prot-
table 0 operate? Why or why not?
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Minerals: An Intemational Perspective
- Describethe reatonshipbetween a country’s vel o ndustra-
{aation andts minecl consumpton.

 Distingush between minea eserves and mineal esources.

The cconomies o industriaized counires requie the xtcacion
and processing of large amounts of minecal (0 make products.
Most of these highly developed covatries rely on the mineral
deposit in developing countries, having long since exhausied
her own supplics. A developin, counires become mare indus-
{alzed, theit own mipersl feqirements incresse comespond-
{nsly, ading furthe pressue  a ponrencwable resource. 1 fact
Thumins have consumed more mierals since Workd War 11 than
were consumed inthe previous 5000 yeas, from th begianiog of
e Bronze Age 1o the middie of the 20thcentury (Figure 158)

‘Mining in the United Staes has clearly caused many serious
cavironmental problems. The problems in developing countries
ot rely on mining for a significant part of their economics arc
¢ grea o greate than those faced by highy developed coun
e The sovermments in developiag countieslack the financ
Tesources and infrasructure o deal with acid mioe drainag
ot seros cnvironmental roblems caused by hardrock mining.
To complicaie the isue, fonign companiesoftcn have significant
nining neressn developing councies. For cxample, Franc, Ger
many, Grea Brian, Japan, Russia, Spain, and he United Sttes
e been nvolved it various times darin the past two cenurics
o mining (some woold say exploiing) orcs containin . o
copper, and lead in Bolivia. The mising disuic of Bolvia cur
Somty faes  caassophic caviroomeatal nightmare from decadcs
o aing abuse. et the Bolivian government docs ot address the
e becasse mining is th predominant indusiy fn Bolvia

WORLDWIDE MINERAL PRODUCTION AND CONSUMPTION

At one time, most of the highly developed counirics had rich
Pesougee bases, including abondat mincral deposits that caabled

e wei0 105 140 190 1060 GO 1980 1980
Figure 15,6 Annval .5.use of aw nonfuet minerls, 1900-2010-

beon 1o indusiializ, 1 e pocess o induscializalin, ey
it e domesic v o minesls b 54 Pl
e ingly tum to developng countis. This s paricy
e o o Earopeancounie, Japa, 30,103 st et o
United Saes.

o Sk of mincaal comumption varies widely between
ighly developed and developing counries. The United Biics
B wada, which e nol qute $% o the wodd's populaion
ot 25% of many of the wodd's metals. It s 100 i
i moweve, to divil the world inlo two gups, he Y
B mamers (highly developed counties) and the mineral
raducer (evcloping.couniries). Although many developing
P do 1ack any significant mincral deposit, the work!s
e e fich nations—in terms of value of metal and
e wealtiest: South Africa, Russia
i, China, Chie, the United Sutcs,

Australis, Canada, Bri
Ukraine, and Peru

Nincra prodoction and consumption in China e increas:
{ng dramatically as China industrialzes. Foe exsmple, in 2013
Chinn prodced 4% of the woekds primary luminum (aluminum
otained fiom ores, o from ecycling). China also consumed
Shmostal of ths aluminum, making it oth the World's largest
prodocer and biggest consumer of prmary luminun

Becanse indusializaton increases the demand for minezals
dencloping counrics that at ne time met their mineral needs with
Somesic supplics become increasingly rliant on forcign supplies
‘s comomic development oceurs. South Korea is one sich nation.
Dariog the 19505 i exported ron, copper, and other minerls
South Korea has experienced dramalic economic growih from the
10601 t the present and, 3 a resolt, must now import iron and
coppes tomeet s s

MINERAL DISTRIBUTION VERSUS CONSUMPTION

The el cleneat cveium eovies 3 vl cxample of
v s disbation s commpion. Crom
v ke i e, rage el nd e gt o
i crome. i an, conbibed wilh ther metl,cera
oot b sk Chromin bt no know st fo many
T ot sppcatons, incheingJt cnin pars. ndust
e maon ok igibant chmm degit, ch 35
e S el B e i
o o ol o countic il gt deoe:
o S s s Tt et i
Aibough ek earvsof homim s adcqe for e -
e s te Uit St and seveal s iciazed
i ety ependt o  fow i o thek -
s
any Itz o hve iockpiled sregially
mpcan i 0 edce i ependene 0 Pl
ol gl Th Untd S an o e wtkBles
o i el i iy g o
i o,y e e iy s ey
foperat o indoir e e U St Sckplen
e o etesing s 1994
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Recently, China began stockpiling rare carth metals, which
are 17 clements such as dysprosium and terbium that are important
high-echnology applications like hybed-car baricrics. wind
bines, and laser-guided missles. China, which contrls about S0
of the global supply of rare carth metals, has lso educd s exports
10 other couniries. China's chokehold on supply triggered secp.
price increases i the mineral in 2010-2011, bt a mare recent lack
of global demand and the deselopment of pew sources 1 10 price
drops. Despite their name, some rae earth metals ae ok are, but

the ones needed n high-technology indusircs re reatively ar.

EVALUATING OUR MINERAL SUPPLIES

‘Will we run out of supplies of impuortant minerals? To address this
question, we must firs examine how lrge the global supply of
mimeratearyes  YaTiOUSs mineral eserves and mineral resources

i deposis it
e cumety pottatie

i, Minera reserves are curreatly profitable 1o
extrac, whercas mineralresources ae potential
resources that may be proftabe 0 exractn the
futre. The combination of  mineral’s eserves
and resources is it total resources or world
Fesere base

Estimtes of minees eserves and resourees

miouratresources Ay
ndincoverd minerat
epentsorinown

cepoutsollowgade  ucuate with cconomic, technological, and
UMY pialcunges. I hepicof el o the

world market all, cerain borderline mineral

reserves may slip into the mioeral resource Category; increasng
rices may restore them to the miveral reserve category. When
Bew technological methads decrease the cost of extractin orcs,
‘doposits ranked in the mineral resource category are reclassified

ENVIRONEWS
Coping with Conflct Minerals
Tota i gy, vy s el sl st et and -
o onbut sy, Pied 1 e surce il f seconc
oo 1o 1 el e, compaer s, comers,
o e, and v n wespon e s he Dotk
Fapint o h Cono 0AC) oy s mired i o brown 3
oo s re cntng ot o3 h e coumbie.
e h e B DR e e
o, o 00 vt h i 0 g o s 01
inoc minens. ncding damond These 103 forcnd DRC rs
e it unaf abor 30 crted seionmenil hovoc The sl of
ot sppore th conic APough s s e el
g ottt 00l remoins bkt commedty. The
e ot peen nd conrld ey e b egon o
Senenets s Combe.

The worts dpercenceon ki cstes s o s
acurer of N tch g o oty v confc sources of s
et A o o ormer b W e e e 12010,
e, Conpes oo lgsition 0 et ceconcs marsci:
st wppotng s by buhatin ot s e s ot
orunsey o isgopertions o e i ans o

ey B o 3 e conna e ched.
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Icressingthe Supply ofMinerss

s mincral reserves. If the politcal situation i &
%0 unstable that mineral reserves cannot be mined, they are <!
ifed as mineral resources:  laer shift toward politcal stabli
use the minerls 10 be placed on the mineral reserve lis

ouniry becomes

i s cxtremely dificult (o forecas future mineral supplics
1 the 1970s, projections of cscalating demand and impending
hortages of many important minerals were commonplace. Thee
ar three reasons that none of these shortages aciually material-
{zed. First, new discoveries of major deposts occurred in recent
decades.—iron and. sluminum deposits in Brazil and Australia,
for example. Second, plastis, syntheti polymers, ceramics, and
other materials replaced metals in many products. Third,a global
‘cconomic slump resuted in  lower consumption of mincrals.
However, it always possble that changes inthe workd economic
ituation—such a the rapid cconomic development of China—
‘will contrbute to future mineral shortages.

Economic factors aside, the prediction of future mineral necds
{s diffcult because it s impossble o know when o ifthere will be
e discoverics of mineral resrves o replacements for minerals
soch s plastics). It i impossible to know when o f new tech
logical developments will make it economically feasibl to extract
‘minerals from low.grade ores.

With these reservations in mind, most experts currently think
mineral supplies, both metalic and poametalic, wil be adequate
during the 215t century. However, several important mincrals—
mercury, tungsten, and tn, for example—may become increxs
ingly scarce during that period. Another reasonable projection is
that the prices of even relatiely plentiful mineras, such as iron
and alumisum, will increase during your lfetime. The eventual
depletion of lsge, rich, and casily accessible deposits of these
‘metals means that we will have to mine and reine ow-grade ores,
‘which il be more expensive

ags

1. How does  country's mineral consumption tend to change s ¢
becomes morendustrialized?

How domining experts diferentate etween minera reserves and
mineraresources?

2

Increasing the Supply of Minerals.

(EARNING OB IECTIVE
- Biefly discuss effors to discover new mineral supplies.

As 8 resource becomes scarce, fforts intensify 10 discover new
‘supplies, 10 conserve existing supplies and 1o develop new sub-
sittes for it Although many reserves have beca discosered and
‘exploited, unknown deposis may be found, 10 additon, the devel-
opment of atvanced mining technologies may make i possible 1o
exploit known resources tha are 100 expensive 10 develop using
exising techniques
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LOCATING AND MINING NEW DEPOSITS

Many Known mincral fescrves have not yet been cxploted
Alhough Indoncsia s known o have many rich mineral depos

o hick forets and mosquits thatcarey the malaia passte
ave made accessbltytthese depostsdificult. Lage deposits
{ o, copper, cobalt, gold, and ihiom exis in Afghanistan-
ehough minceas 1 traasform the country’s cconomy. Years of
War, however, make nvestment in Afghaistan unikely, 3t least
i the short tcrm. Besh northern and southern poar cgions have
e mineraldevelopment This i de i part 103 ack ftech
ology for mining in rigid nvironments, Nommal offsboce diling

+ Cannot be used in Antarti waters because the shifting ice
fomed during it harsh winter wo

\echnologies become avaiable,increasing pressre wil be exerted

mine in norther Canada, Sberia

Explotaton of the ich mineral deposits in Siberiais plamoed.
Although new technologics must be developed fo make this fess
Ble Some of the oe deposits in Siberi bave unususl combinations
f locras (e potassum combined with aluminum) ht canask

be separted using existing tech
T heoe A possibilitytha corenty unknown mioeral deposits
will be discovtred a some futue time? The U, Geological Suc

2 sk thr ondiscovered mineral deposits may xis, paricy
oy in devcloping counres where detaled geologic surveys rc
et avalabi. A detaled survey of the wesin pocton of South
Amarica slong the Andes Mountaioscould reveal significant mi-

Sl deposits, Geologiss presume that mincrals wil b found in
e Anmagon Basin, although n many saysthe i foest and thick
oveying alluvial layers f the rier basin make these deposits 3
ersable a those fn Antarctica. Logisic problems hamper
o vimtion of cenain ares deep in the i forest 10 ascss the
Fhlihocd of deponits being prescn. As in other egions, mining
cntaltreat.

{n the Amazon Basin would pose 3 grave covirot
eologius consider it ikely that decp deposits buied 10k
(63 O morein Eant's crustwillsomeday be discovered nd
deposits that

ploited. The special tehinology required 0 mioe
et avalable

MINERALS IN ANTARCTICA

o dae, no substantal minerl deposits ave becn found n Ant
ough smaler amouts of valuable minrals have becn
e, Geologists think it ikely that major deposts of valo
el and ot ar present and that they will b discovered
e futre, Nobody wns Antarcica and many nations 3¢
i velved i negotation onthe fure of this continent and s pos-
Sible mineral weallh.

e Antaretic Treaty, an nternationa agrecment in cect
ince 1961 limits actviy in Anarcica to pesccfl uss sch 3%
eemifc studies. Twenty-six nations are vouing méabers o the
et Tresty During the 19805, nearly a decade of delicate
egotsions resuedin & poct that would have permited explats

o Antactca's miserls. The pactrequifed UDAmImOUS 3T
et o ratification. In 1989, severslcouniries refused fo suppert
{he pact becatse of concerns tha any mineral exploiation woukl
ge Anarctia's environmeni. As & resut of thesc coacers.

an itermtional agrecment,the Eavl

o Attt Treaty or e Madrid Prviess) Wt &

o clect n 1990, includcs
o et The potocol, which weat no efect n 1990, fnc
1 dexclopment for 3 mint

S moratortum on minens caploration
o af S0 years. 1t designas At
! e dedicated to peace and socct.

environment? For o1

{em a5 “mawnal.
Why be concerned about Antatica’s
"ty vulperable to buman actviics

e tourss, with their trsh. pol-
Pl afecied the wildife, such a5
o bl whals, loog Antarc

hing, polr regions are e

Juton, and noise, have egaiv

cmperor penguins,leopard eals,

e . No ont doubts tht Jarge-scalc mining operations
would wresk havoe on such  fagie cavironmert

Nmiing Anartica i aprisine Sai  important because
{his oot plays  pvotal ol  rgulating many aspects ofthe

Sl eviromen. sch a lobal changes i sa evel. Studying
¥ Antarctica helps scienists gain alu

ol

e natua) enviroume:
ot important nvironmental issucs s g}
depletion (Figure 159).

Climie change and sratospheric zon

MINERALS FROM THE OCEAN

Seavater which covers approximatly three-fourths of our planct.
Somtans many disolved minerals. The total amount of minerals
vailabl i sevwater s saggeringly bigh, bt he concentrations
e low. Cumeatly, sodium chloride (comimon table sal), romise

o etably i frm eavaier. L iy b

e e el et ot e o e (R
i ot e e 0
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nickel—are widespread on the ocean floor, paricularly in the
Pacific (Figure 15.10). Estimates of manganese nodules ae quite
Harge. Nodules in the Pacific Ocean may contain as much 6 bil
Tion metric toas (6.6 billion tons) of manganese, more than the
total amount found in and reserves. Dredging manganese nodules
from the ocean floor would adsersely affct sea ife, and the cur-
ent market value for these minerals would notcover the expense

of obtaining them using existng technology. Despite these con-

‘corms, many expertsthink thatdecp-sea mining wil be feasibl ina
few decades, and several indosirialized nations such a5 the United
States have staked out claims in  region o the Pacific known for
ts large number of nodules, To date, none have been mincd.

() Thee poymetaltic nodules r cocretions o oot 0 mangance,
e o coppe,cobal,nicke. s e metals. These were
e from te Pacitc Ocean 3. dpehof st 4 km 24

By 303

Such potential exploitations of the ocean floor are confrover-
‘il Many people think it inevitable that mincrals will be mined
{rom the floo of the deep sca. but others think the seabed should
be dectared off lmits because of the potential ecological havoe
ot mining could cause on the diverse life-forms inhabiting the
ocean floor, Sea urchins, sea cuctmbers, sea SArs, acom WOrS,
e squirts,sea e, and lamp shells are but a few o the animals.
Kanown ta inbabit the seabed environment.

“These problems have been considered since the 19605, when
industralzed. counties first expressed an inierest. in FEmOVing
manganese fodules from the ocean floor. Thei interest triggered
the formation of an intemational reaty, the U.N. Convention on
the Law of the Sea (UNCLOS). UNCLOS, which becare efcc
live in 1994, is generlly considered a “constitution for the ocean”™
hat protecs it resources. As of 2013, 166 countries had rtified
\his treaty. (The United States has not yet ratfied UNCLOS but
Volunarily observes s provisions )

The provisions of UNCLOS are not binding for tertoral
‘waters, oy for inermational waters, o seabed mining s not pro-
Jibited in teitoial waters. For example, hydrothermal vent sys-
{emmsindecp fertorial waters off Papua New Guinea contan 20l
ine, copper, and silver in higher concenrationsthan are found in
Jand mines. It seems lkely that ocean mining will become techno-
Jogicall feasible and proftable sometme in the next few years.

autilus Mincrals, In. i planning 1o mine one of Pspua New
Goinea's hydrothermal veats soon.

ADVANCED MINING AND PROCESSING TECHNOLOGIES

We have aready mentioned that special technologies will be
nceded o mine minerals ininaccessible aras such as polarregions

®) Locsionof knowe
manganec nodules o e
occan. Albough these
potatoirednodules have
entced mining comparis.
it ot yetcommercally
feadbie o ohin then
(Aduped from PA. Rons,
“Resaarcs of e Sea
Floor.” Scence, Vol 29,

Figure 1510 Manganese nodules.

Jamasey 31, 2003)
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e peopontion,in par becanse  gres deal of acrgy must be
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xplotation mor epcrgy it threby redoci
Even f advanced tchnology makesobtining miperals fom
et exac and process the minerals) might limit explot
aton of thi potentil source. The cavironmental costs may be
00 High, because obianing mineras from lowgrade ores cas
i T distption s prosuces{a e polloion tha docs

e developmentof bghgra

expentedto

pooc acces 1 water

Blomining Miroorganisns are used 1 exuact miocrals from
Some low-grade res. Microgganisms bave proved eficie for
et miing, allowingthe LS. copper indusir 0 become maes
Comstie ermationsly, When mixed with ulfuric acid aboc
e (Thiobocilas ferroidans) promeses a chemicl escion
oot Teaches copper i i acidic oluion, rlesing Lrge quat
i of the el more ity than raditionl methods.
Ot mpoctant spplcations of blomining are ErXIEDE
Although i v sl in the development stage, i ow-grade
o Thighacllsllows 8 90 reeovesy

Soldores with bactra s
ol compared 10 7% reconry for the more cxpensive and
Cheiayimemive convertiona methods. Phospnes used primar
i o ferlaes and additve i some masufactred goods, e
exditonsly xracied by incficient burin o high femperatures
o wastefl ac westment processes. New bilogical procesies
e hcuphites . room temperstre. Some resexchers 87
evelopie biomining technique o femove and recyce pho
Pt rom wastcsater

5 Wiatis  problmtht s miingknown s deposts
donesonSbai?

Using Substitution and Conservation
to Expand Mineral Supplies.
- Summariz theconsavationofmineas by rese ecycliog, 10
Changing oo mineal equiements.
. rplin how sustinabe mantacuing and demateralatn
Conutbote o mines consenation.

Mch of our chvlzaioa's techaology depends on mincrals, s
Ceran minerals may be unavaiable o qite imited in th fore.
Thcrcle, we should exiend cxsing mineral supplies s fr 3
posible though subsiution s corservation (Figure 15.1)

Figure 15,11 Depltiontmes of  nonrenewable esource such
e Thro maumpions e e fn cachcae, we st wilh
Dt i of i rescve vl o prodcton. The
e e o e st becoros e and e
e do o ke ks comertin the Gcoveryof 06
e o teoved g ek

FINDING MINERAL SUBSTITUTES.

Toe substittion ofmore abndant maerals fo sarce mineral s
an important goa of manufacuring Economics parly dives the
Sarh for st one ffctive way 1 cut production costs is
o bt an lexpensive o abundant materia {oran expensive
o scae one. I recent yeae,plstics, cerami composies. 3nd
s soeogth lav bers have besn substiuted orscarce mater
s many ndustes.

i i the 200 cenory,tn was a critical metal for can
making and pckaging: snce then, otber materal have becn
Sibitod for tn, incloding plasi, glass, and alumino. The
Smounisof ead d il used i elecommunicationscabls have
Sereas dramaticaly durin the past 35 ycars, and the amount of
it has hd  corespondingincrase. In adition, plass fibers
Rave repaced copper wirog in tlephone cables.

‘Alhough subtotion cxtends ineral suplies, i 1s 00t &
corealfo dwindlng resources. Certan minerals have no Known.

it F cxampl, platioumcatlyz€s many chemicl eac
s imporan 1 indusiey. So fa, o othe substance has been
found with he catalyzing abilties of platinun

MINERAL CONSERVATION

Conservaion inclding bt rewse and recy-

cling. exiends mincral supplies, The reuse of the esuces i ed
fiems such s beverage bosle, which are col. 103 g hem o
Sndomcopun.

Jected, washed, and eilled. s one way o cuiend
minerl resources. In recycing, used ems such
a0 beverage cans and serap iron ae collctd,
semelid, and reprocessed o pew prodocts
T addition 0 promoting speific conservtion
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technigques such as reuse and
tudes about esource conservat
Tow waste

yclin, public wareness and ot
a can be modified 1o encourage

Reuse When the ssme product i used over and over again, bolh
mineral consumption and pollution are reduced. The benefis of
reuse are greater than those o recyclng (see Chapter 23). Recy.
cling a glass botke requires crushing it meling the glass, 0d
forming a ew botle, Reusing a lass botle simply requires wash-
ing t, which typically expends less energy than recycling. Reuse
i a naional policy in Denmark, where nonreusable beverage con
tanersare prohibited.

Several countries and sates have adopted beverage container
depost laws, which requie consumers 10 pay & deposit usully
a hickel or dim, for each beverage botl or can tht they pur
‘chase. The deposit i refunded when the contaner s reured (0
the retsiler or o specilredemption ceotes. Unredeemed depesits
are generally used o provide revenue for environmental programs
‘Soch ashazandous wast cleanups. I addtion toencoursging euse
‘And recycling hereby reducing mincral esource Consumpion,
beverage container deposit laws save tx money by reducin lter
and solid waste, Countris tht bave adopied beverage container
Sepositlawsinclude the Netherands, Gesmany, Norwy, Sweden,
‘and Switzerland. s well 3 pacts of Canada and the United Sttes

Recycling. A large percentage of the producs made rom miocr-
s auch as cans, botles, cheanical prodocts,electronic devies,
and battcrcs—is typiclly discarded afer wi. The mincrals in
Sorme of these products—baterics and eectronic devices, for
ntance—are difficult 0 recycle. Minerals i othe prodocts, such
‘= paints contaning lead, zioc, o chromium, are lost thiough
pocamal use, However, the techaology exists o recycle many
Sther minera products. Recycling of cersin minerals i already
3 Common practice throughout the industrilized work, nclud
g the United Staes, bot there is much room fo improvemet
(Table 153

Recycling s several advantages beyond extending mincral
resouree, It saves unspoiled 1and from the disruption of mining.
Fedoces the amount of sold wast that must be disposed of, and
ecreases energy consumption and pllution. Recycling an alumi-
o beverage can saves the energy cquivalent of about 150 ml.

Table 153 Recycling Ratesfo Metals n the United States, 2011
e A

Ninersl. percenthecyied
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Lead n
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(6 aay of gasolne. Recycling aluminum reduces the emission of
‘lominum flaoride, a txic air polluant peoduced during the pro-
cessing of sluminum orc

“About 67 of the aluninum cans i the United States were
recyeled in 2012, & large increase reprted by professional aod
Tecyclng onganiztions. The aluminum industy, local govern-
ments, and prvate groups have estabished thousands of recycling
Center acrowsthe country, I takes approximately six weeks for a
8 can o be melied, e-formed, illed, and put back on a super:
market shelf. Clearly, even more recycling is possible. It may be
{hat today's sanitay Indil will become tomorrow's mines, 3%
Valusble mineals snd other mateials e extracted fom them. (In
many countric,saniary andfills ae lrcady treated as mines.)

Changing Our Mineral Requ
cral consumption by becoming a low-wa
Bave developed  “hrowaway” mentlity whercin damaged oF
unnecded articles are discanded. Industces looking for shortterm
‘cconomic proits encoursge this attitade, even though the lon
e cconomic and environmenial coss of it re high. We con
e fewer resources i produts ae durable and reparable, Laws
Such as those requirng & deposit on beverage containers reduce
‘Consumption by encouraging reuse and recycling.

The throwaway mentality is also evident in manufacturing
industies. Traditionally, indusiries consume faw materals and
prodie goods and a large amount of waste tht is simply dis-
Carded (Figure 15.12a), Increasingly, manufacturers are find-
g hat the waste products from one manufacturing process can
become the raw materials for another industry. By selling these
“wastes.” industries gain addiional profts and lessen the amounts
of materils that must be discarded

“The chemical and petrochemical industries were among the
st businesss o minimize wastes by convertng them ino useful
prodicts. For example, some chermical companies buy aluminum
Wastes from other companies and convert the aluminum in
the wastes 1o aluminum sulfue, & chemical used to. treat
municipal water supplis. Such wasie minimiz-
ton is known s sustainable manufacturing
(Figure 15.12b;aso se Meeting the Challenge: sytem basedon -
Industral Ecosystems). Sustainable manufac.  PA0g dustial vaste
turing requies that companies provide information about their
waste product 0 ober industris. However, many companies are
eluctant o revea the Kinds of wasies they produce because their
competitors may deduce trade serets from the nature of their
‘wastes. This difficulty will have 0 be oercome before sustainable.
manufactuing s fully implemented.

sustainable manutac.
g Amantocinios

Dematerialization As products evolve, they tend 1o become.
Ilighter in weight and often smaler. Washing machines manufoc-
tured in the 19605 were much hesvier than comparable machines
manufactured today. The same is troe of othec houschold sppli-
ances, automobiles, and clectronic iems. This decrease in the
‘weight ofproducts over tme s known s dematerialization. fde-
aly, dematerialization s benefcial 1 the environment because
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(s) Massive amounts of sokd waste aro produced at al steps n the vadional fow of
rineras, from mining the mineral 0 discarding the used-up prockct

(b) The fow of mineras in  lom-waste socity ks more camghex, wthsustainable
manactusing consumet Touse, and consumer recycing pracioed at ntermediate

steps
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Figure 15,12 Mineral flow i an industrial society.

o doces the quantity of wasie during both prodoction and
consumptaon

Alboogh demateralization gives the sppesrance of reducing
consamption of miscrals and ober materials, it sometmes has
the oppoite effct. Smalle and lgbier products may be of lower
uality. Because repuiring broke lightwcight tems i ificult and
sy cont o than the oiginal products, etailers and manufac-
tares coxrage comier o replace rathe thantepai the fems.

Alboogh b eightof il g wod o mabecch s
e, the mhrof h s g wed i 5 vt prod
‘may actually have increased. ke

rview

1. Explainthe iference between reuse and recycing.
2. Whatis sustainable manufactuing!
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Industrial Ecosystems
Tadiional Industis operat in 3 aneay
inear fashion: natural esurces rom the e
ot roducs - e dumed vk
s0ch as minerats and fossl ues are present
in finite amounts, and the environment has >
limited capacly o absorb waste Th fld of
industral ecology has emerged (o address
these fsses. An exension of the concet of
sustainable manufacturin, industria eclogy
Secks to use resourceseffcieny and regrds
“wastes a3 potental producs,Indusialecol
oy ies o crete Industria cosystems hat
Comparein many ways o nturol cconstems.
‘Consider the Industial ecosystem i
Kolundoorg, Denmark, which consis of 30
lecuic pover plan,an o refnry, a parma
ceuticl pant, 3 vallbowd focoy, o sulrc
200 producer 3 cement manufocuren fh
{arming. haricoture (reeshouses), and rea
Bomes and fams. At frst gance, tese et
e e ohaveltein common, bt they e
ke o oo another n ways it resembe »

food webina naturalecosystem (see thefigure)
in thi industrial ecosystem, the wastes pro-
duced byone company aresold o another com
pony 35 raw mateias for thee processes, i 3
Tnanner analogous o nutient cycling i nature.

The costird electric power lant org)
naly cooled its waste steam and released it
into the local flrd. The steam is now sup-
pled to the ol refinery and the phama.
Eouticl plant, 3nd addtional surplus heat
produced by the power plant warms green:
Bouses, the fish form, and are homes. The
nesd for 3500 ollburning home-heating 575
tems was liminated asa resut

‘Surplus ntural gasfrom the ol refinery is
soldto the power plant and the wallboard fac
tor. The power plant now saves tons of oal
‘cochyearby burningtheless expensive natural
§as.Before selling the natural g5, the ol refin-
ry remores excesssulfur from 1,35 required
byai polltion-control aws Tissufur s sold
o company that uses it to manufacture ot
furicacid

To meet environmental regulations,
the power plant insalled. pollson-contiol

307

equipment to_ remove sulfr from its cosl
Smoke. This sulfur, inthe form of calciom sol-
fate, s 30l to the wallboard plant and used
34 3 substtte for gypsum, which i naturally
occuring calcum sulfae. The iy ash produced
by the power plant goes (o the cement mand-
factuer for usen road bulding.

Local farmers use the siudge from the
fis farm as a eriizer for thel fieds. Th fer
mentation vats at the pharmaceutical plant
Sis0 generate 8 high-nuirent sludge used by
local formers. Most pharmaceutical compa:
s discard this sudge because i conains
{iving, microorganisms, but the Kalundborg,
plant heats the sludge to Kil the microor
ganism, converting a waste material into &
commodity.

Theselteractions did notsprngntoers-
tenceatthe same time; coch represents a sepa-
atelynegotiated dea. t took yeas o develop.
theaentire industial cosystem. Although these
examples of Industrial cooperation were it
Sted fo economic reasons, each has distinct
environmentalbenelis, from energy conserva-
ton to a reduction of polltion.

wasta

CETES -

Supis
ey

calum sutow

e -

Soie

Indusrialecosystem i Kalundborg, Denmark. During the production o energy, food, and other pod-

et resource recovery s maximized and waste production s minimzed.
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l e ceanup of these st (see Chapter 23 for

o on Supertundsites.Fr xampie, et
D ing corpany extraced $105 millon of
354 tom 8 mioe n Summiite, Celorado

Aerislview ofthe Summitvlle Colorado, mine.

(see photograph) t declred bankruptcy,
leaving bohind an environmental disater.
The £ designated the Summitvle mine

53 Superfund site and has povided more
thon $210 mllon in cleanup fforts here,
focusing on decontaminsting pallted S0,
preventing further contamination of creks
and sreams, and protectin lcalfrmianc,
Cleanup of il Superund mining sites wil
con billons ofdllr.

01872, the same yea that Presdent
Ulysss . Grant signed the General Min
ng Law, Yllowstone ws designated the
i3 U5, naional park.Durin the 19905,
proposed mine in Montans lezs than § k.
5 m) from the Yellowstone border theat
ened s pristine conditon. A Canadian
company (Horands, Inc) had the ights to
s land, which ws surounded by fed
enl widerness nds, and the company
planned to establish 3 gold, siver, and
copper mine there.Oppanents of the mine,
includig,the superintndent of Telow.
Hone, waried that plltion rom the mine
would contaminate the Yellowstone River
and the park, President Clnton stopped
he mine by presdentil crder and negors
ated with the Canadian company, In 1997
Noranda agred to sel the property t the
US government

Ouring the ary 20002, mining eform was
 contenious fsue In Congres. A 2005 bl
proposed that S, and foregn mining com:
panies could purchase clams within nationa
porks, national wideress area, and Gther
federsl ands. Public cutcry led o this bills
falue Legistiveefots n 2007 30d 2009 0
impose oyales on mining companies that
ouldbe used for s cleancp (aded 1 pass
though Congress.

inhis chapr you wil considerthe i
butionand abundance ofmineralsa well s
the environmental damage from obtaning
and procesing them. You will also examine
option o theuture,when mineal deposts
become depeted
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Introduction to Minerals:
Defin mieros and expain the diference between high rade

o low 7ade ores, 5 wel 3 between metallc and nonmetaic

- Desribe severl naturl procesces that concentrate minenls
Eans st

. Distinguish between sufocemining and subsurface minin.

ety descibe how iners deposis ae dscovred, exUacted,
and processed

Mineats are such an ntegral pat of ourlves hat we often ke
{heem fe granied. Stcl, an esenal buiking matril, is & blend
of iron and oiher metals. Beverage cans, i

‘rat, automobiles, and buldings all contin sl
{minum. Electrical and communicatons winog
Contain coppe. which readily condocts elctic

fiy. The conerete iscd i bulldings and roads s
made from sand and gravel s well 2 cement.
which contaims crusbed imesone. Sulfu, a componea o slfuic
i i an indiepensable industril mineral with many spplications
i e chemicalindusry. t s used o make plastcs and fctlizers
i tc efne oil. Tanalom, a are, hard metaltht s resstant 1o
Soxrosion has hecome imporant o the production of apacitors
o range of clctronc devics, Othe important mincrlsinclude
pltinum, mercury, mangasese, and ttanium.

e homman seed and desie fo minerals Bave influcnced the
couns of istory, Phocaicians nd Romans explored Briia io 3
Search for tn. One of the it metals incame
e s own during the Bronze Age (3500 10 1000 BC), when

et Ao

i hamans wsed

i and copper wete combined to produce the ougher and more
Sable allo. bronse. The deit for gold and siver was direcly
eimonsible fo he Spanih conguest ofthe New Warld n 1545
okt rosh i Califomia e 10 the aival o a lasge number of
e from the easter it Staes, More recenly. the i of
630 in Amazonian and Idovestan o frets bs cotribted (0
e destuction of indigemous homelands and ccosysems

Earh's minerals are clements o (usally) compounds of
clements that have precie chemical compositions. For example
o iden are mincrar compounds i which cerai clements are
o ined chemically with sulfr, and oxides are mineral com-
s n whichclemenis ae combined chemically with 0T
Rocks, which arc aggregate, or mXtres, of one of mOre
minerate, l into three categonics, based on bow they formed
o, scdimeotay, and metamorptic. Igncous rocks
gt s fom the maati and cools. Sedimentary rocks.
o wben smal ragents of weatbered,croded rocks (o marine
Organiame) are depovied, compaced. and cemeated (ogether
Matamorphic rocks form when iniense heat and pressur Altr
gncous sedimentsy, o e metamorphic rocks
ok cpla Thecy e rock cyce, rock moves rom o0 Y
et ca sate o locaton o aiber (Figare 15,1
s oatsol The rock cycle continualy forms, modifics.
Tarti st fanspants, and destroys igocous, sedimentary,
o metamorphic rocks. For example, gncous tocks form deep.

he surface. Weathering and
Giments, which eventuslly
A cycle i similar 0 other

s co e it ©
e e b ks down 050
sty o sl (o o el (2
gl o e, k. fomed and mave g e
Gl oy he cepeteof e

rament et D oL o A ores okt
e e o  purculr i 0
s, Highrade ores i
e e s, s o ade

res conai esse amouns

o reve metallc or nonmetallc (Table 15.1). Metals are
nineels soch s rom, aluminum, and copper, which re malleabc
“and clectricity. Nonmetal-

Tostrous, and gond conductes o he
e mtneeals, such a8 sand, sone, o, and phosphate, lack tese
characerisics

MINERAL DISTRIBUTION AND FORMATION

Cersin mioeral, such as alaminu o iron, ae relaively sbun-
ot Eanis crust, Oners, icloding copper, chromium, and
olsbicnum, we rlatively searce. Abundance docs no necear-
b mean that e incea i esly sccessible o profiabl o exrac
i povsible tha you have g0 and other expeasive minersls i
Your owa backyard. Howener, anless the concentrations ac arge
Lrough o ke them proftable (o mine. they will remaia there.
ke ciber naurl esources, minera deposits i Eat's crst
e dbetoduocvealy Some counricshave extrenely ichmineral
ot wheres dhers have few o nooe. Although o is widely
Groted, Afrca has les fon than the ooher contnents. Many
‘opper deposts e concenrtedin North and Soah Amerca, pic-
{catey i Chile and the United Stes, wheress mat of Asia (odber
{0 Idoncsa) b  reltively sl imount of copper. Much of the
workds i s i Chin and Inooesi, and o oo reserves
e n South Affica We discuss the itemational implcaions of the
gl disiebtion of imporcant minerals e 0 the chapter
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e o f st et i, e, ey e covred

< 15:1 Therock e, Rcksdo ot rinnhei gl form e, Thi gy spifd G shows b s e o o

i sediment and incorporated o rock layer. Exaporation has
formed signficant deposits of common table slt, borax. potas-
sum salts, and gypsum.

HOW MINERALS ARE FOUND, EXTRACTED, AND PROCESSED.

The process of making mineral deposits avaiabl for human con-
sumption occurs nseveralsteps. First, a prticular minera deposit
s locted. Second, mining extracts the mineral from the ground.
“Thin,the mineral i processed, o refined, by concentrating it and
removing impuritics. During the fourt and final stcp,the purified
Tmineral 1 used 10 make & poduct. As you will s, each of these:
e has cavironmental mplications.

Discovering Mineral Deposits Geologisis cmploy & varicty
of instruments and measurements o help locate valoable mineral
deponits. Acria orsatclte photography sometimes disclores g0~
ogic formtions assochated with cetaia types of mineral deposits.
Instraments that messure Earths magnetic field and gravity eveal

e
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n deposits. Seismograph, used to detect carthquakes, also
provide clucs about mincral deposits. Geologists analyze these
data. along with their knowledge of Earth'scrust and how miner
ol are formed, 10 estimate locations of possble mineral eposit.

 these sics are identifid, mining compunics gl or tunncl
for minerslsamples and analye et composiion.

Geologists e data fom depth-messuringdevice 1 peodce
detile three dimensional maps of the scafloc. From sopisi
st compute analyai of thes maps, gologists can esimte the
5Pes and amounts of deposisonthe ocean lor
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The depth of & partcular deposit dete
e or subsurfoce mining will be used. In
surface mining, mincras are extracted near the
surface, whereas in subsurface mining, minerals

100 deep o be removed by surface mining or
4. Surface mining is more common

Because even surface mincral deposits
occurin rock ayers bencath Earth's surfoce, the

overlying soil and rock layers, called overbur
den. must st be removed, along with the ve:
etation growing in the so

shav

Then giant power

Scoop the minerals ou.

‘Mining companics have two options for
surface mining—open-pit surface mining and
trip mining. Iron, copper, stone, and gravel ar usually extracied
by open-pit surface mining. in which a giant hole is dug
(Flire 15.2a). Large holes formed by openpit suface mining are
called quarties. In strip miing,  trench is dug o cutactthe min-
‘rals (Figure 15.2b), Then & new trench s dug paralle 10 he old
‘ane: the overbunden {rom the new reach s put nt the old trench
creating a il of loose rock called 3 #poi bank.

‘Subsurface mining. which is underground, may be done with
 shaft mine or a slope mioe. A shaft mine s a direct verica st

o the vein of ore (Figure 18.2¢). The ore i bro-
Ken up undecground and then hoisted through
e shaft 0 the surface in buckets. A slope mine
s a slaning passage that makes it possible to
aul the broken or oot o the mine n cas ather
than hoisting ¢ up in buckets (Flgure 15.24).
‘Sump pumps keep the subsurface mine dry, and 3 second shaftis
saally instaled fo ventlation.

‘Subsurface mining disturbs th Land less than surface mining,
bt s mere expensive and more hazardous. Miners face risk of
(death o injury from explosions o collapsing wall, and prolonged
breathing of dustin subsurface mines can resul n lung disease.
(Chapter 1 discusses coal mining and s hazards.)

4pot bank Aniotioose
ok cretsd whenthe
ovrburdantromanew
sesdy exavbted rench
Gorog st minng.

processing Minerals Procesing metllic mincrals often

involves smalting. Purified copper, tin, lea,
ron, mangapese, cobal, or nickel smeltng
is donc in o chimneyfke  blast fumace.
Figure 183 shows » blast furmace used 10 smelt
fron. Tron ox, limestone rock, and coke (modic
o conl used as an industal foel) are added st he op of the -
s, whil heaied airor 0xygen i added a1 the bottom. Chermical

) This open i copper mine i Uil i th gt uman nade

) Srip mining e overbudn alon o st o reach the ore
bencath

(€10 taf miv, ol s dag irnght theough the oerburden 10 the
ore, which s removed up through the shfs n ockets.

6)1n slopo mine, n oy o the o i do ¢ a8 o tht the orc
can b halod oot can

Figure 152 Typesof mining operatons.




