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LAND FORM AND ROCKS

Basic concepts

Despitetheleveinginfluenceof gravity, the Earth’ ssurfaceishighly irregular and agrest variety of
surfacefeaturesexists. Most regions contain adiverse assembl age of featuresthat vary inageand origin.

Individud surfacefeaturesof the Earth arereferred to aslandfor ms. A given landform may exist
a dmogt any scaleof magnitude, fromasmal mound toamg or mountainrange, but it should berecognizable
asadistinct surface entity. Geographershave an interest both in the physical characteristicsof landforms
andintheir surface distributions. The combination of landform characteristicsand distributionswithina
regionisreferred to astheregion’ stopogr aphy. Mapsare usualy employed when landformsare studied,
and those displaying both the vertical dimensionsof thelandformsand the spatial relationshipsexisting
among them are termed topographic maps. A variety of methods existsfor mapping thetopography.

Geomor phology (from the Greek geos‘ Earth’, morpe‘ form’ and logos‘ description’) isthe
systematic study of landforms, including their origin, characteristics, and distribution. It isasubject shared
by both physical geography and geol ogy, and geomorphol ogists comefrom both of thesedisciplines.

Likeclimate and vegetation, the landforms of an areahave multiple controls. A number of these
controlsare dynamic, causing the topography to change through time. Some changes occur rapidly and
can bewitnessed readily by human beings. Examplesinclude changesin the course of ariver during a
flood, beach erosion astheresult of astorm, and the deposition of ash or lavacaused by the eruption of a
volcano. Most changesoccur very dowly, however, and centuriesor millenniamay passbeforethelandscape
isdteredSgnificantly.

A region’stopography, likeits climate, vegetation, and soils, strongly influencesthe numbers,
distribution, and economic characteristics of itshuman inhabitants. Lowlands, especidly thosenear large
riversor the sea, often support large populationsand contain few, if any, uninhabited areas. In contrast,
rugged mountainousregionsaretypified by localized popul ation clustersin favoured sites, separated by
largeareaswithfew, if any, inhabitants. Therdativelack of flat or gently dopinglandinsuchregionsusualy
greatly restrictstheir agricultura potentia, and thedifficultiesof movement into and out of such regionsmay
hinder their economic devel opment.

Until quiterecently, themajor terrestrial landform-producing control swere poorly understood.
WEell into the nineteenth century, geol ogistsgreatly underestimated the age of the Earth, believingittobe
only afew thousand yearsold. Thisalowed aperiod of lessthan 6,000 yearsfor al the geologica events
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that have shaped our planet’s surface. Scholars could easily see that such arestricted time span was
insufficient to dlow for the production of largelandforms such asmountain rangesand river gorgesat the
very dow ratesat whichthey were currently forming. Asaresult, they concluded that past cataclysmic
eventsmust have produced the Earth’ smajor surfacefeatures. This concept hasbeen referred to asthe
principleof catastr ophism.

Inthe 1790s, the Scottish geol ogist James Hutton proposed that the Earth was actually far older
than previoudy believed, and that itssurfacefeatureshad resulted s mply from thelong continued gpplication
of thesame geological processesthat were currently being observed. Nearly acentury passed beforethis
so-called principleof unifor mitarianism, the basictenet of whichis*the preset isthekey tothepast’, was
generally accepted by Earth scientists. It isnow known that theindividua geomorphic eventsthat shape
our planet’ssurfacearemostly small in scopeand often dow intheir concurrence, but that the passage of
vast amountsof timeallowsthem to haveamajor cumulative effect.

Inrecent years, it hasbecomeincreasingly apparent that strict uniformitarianismistoorigid a
concept to befully satisfactory asthe guiding philosophica principlein geomorphol ogy.

TheEarthisbelievedto about 4.6 billion yearsold, but little detail isavail ableabout the geography
of our planet’ssurface beforethe beginning of the Paeozoic era, about 600 million yearsago. Someof the
major geol ogic eventsthat hel ped shape North Americatook placetensor even hundreds of millions of
yearsago. For example, the A ppal achian M ountainsbegan formingin theearly to middle Paleozoic era,
andthe Rockies, inthelate Mesozoic. M ost contemporary individua landform features, however, arethe
comparatively recent products of eventsinthe Quaternary period and arelessthan amillionyearsold.

The geographic distribution of landformsis considerably more compl ex than the distributions of
climateand natural vegetation. It will berecalled that these phenomena, despitetheir variationsfrom place
to place, display large-sca e patternsthat are repeated to some extent on the continents of both hemispheres.
Zonesof amilar conditionstend toformonalatitudina basis, with sequentia changes occurring in equator
ward or poleward directions. Solar energy powersboth systems, and itsgradual reductioninintensity with
latitudeisultimately responsiblefor the progression of changesthat occur. The Sunisaso abasic energy
sourcefor theproduction of landforms. Itsinfluenceresultsinagenerd | atitudinal zonation of thoselandforms
featuresresulting primarily from solar-powered processes.

A second group of geomorphic processes exists, however, powered not by solar energy but the
atomicfission of radioactive e ementsintheinterior of the Earth. These are the tectonic processes. No
organized |atitudina zonation existswith regard to theseforcesand their resulting festures. Asaconsequence,
nearly al largeregions contain an assemblage of landforms, some produced by solar-powered processes
and othersby internal Earth processes, whilestill othersowetheir existenceto theinteraction of both sets
of processes.
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Because surfacefeaturesare generdly dow to change, theexisting assemblage of landformswithin
any areaistheresult of both present and past geomorphic processes. In someinstances, the controlling
processes have changed greatly, and the landscapeis still dominated by relict features produced by
environmental processes no longer activewithintheregion. Theglacial features produced during the
Pleistocene epoch over much of northern North Americaand northwestern Europe arean important group
of relict landforms. At any giventime, however, thetopography isactively evolving asitismodified by
existing conditions. Thetendency isfor relict landformsto beremoved gradually and to be replaced by
othersin equilibriumwiththe current environment. Large-scad elandform changes occur sodowly, however,
and environmenta processesthat caninfluencelandformsvary so frequently, that topographic changesare
occurring nearly everywhereon our planet’ssurface.

L andform classification

Physical geographers have long been confronted with a choice of two different conceptual
approachesto the study of landforms. One approach isto categorize landformson the basisof physical
gppearance. Thisissometimesreferred to asthe* descriptiveapproach’ tolandform study. A shortcoming
of thisgpproach isthat featuresof smilar genera appearance, such asmountain ranges, may havevastly
different modesof origin. Thedternative approachisto categorizelandformsby their method of formation
or, moreprecisely, by thegeomorphic processesresponsiblefor their production. Thisissometimesreferred
to asthe*genetic approach’ to landform study. Difficultiesare also inherent in thisapproach. First,
virtualy all landformsare polygeneticin origin; that is, they have been produced by theinteraction of a
number of processes. A second problemisthat featuresthat differ greatly in physical formmay havebeen
produced by the same geomorphic processesand thereforewill be grouped together. The choice of which
of these two approachesto userestslargely on the prioritiesthat are given to the two basic landform
attributesof form and process.

Inrecent years, most physica geographershave employed the genetic gpproach to sudy landforms.
Beforecommencing asystematic treatment of landformsbased ontheir processes of formation, however,
it seemsdesirableto discussbriefly the major descriptive categoriesof landforms.
Descriptiveapproach to L andform study
When aregion’stopography isto bedivided into categoriesbased on physical characteristics, the chief
factor takeninto consideration generally isthe extent of local differencesin elevation, or thetopographic
relief. Subdivisionsare then made according to the origin, distribution, or characteristics of the surface
features. Somedifferencesof opinion exist asto the number andidentity of themgjor topographic categories,
but apopular divisonrecognizefour: plains, hills, mountains, and plainswith areasof highrelief.
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Plains

Plainsareareasof limited local relief and have apredominance of flat to gently rolling surfaces. The
maximum amount of alowablerelief issomewhat arbitrary, but afigureof 60 meters(200feet) isfrequently
used. Most plains occur at rather low elevations, but plainsin largeinterior basins of the Andesand
Himalayashave el evationsasgreat as 3,650 meters (12,000 feet).

Plainscover extensive portions of the Earth’sland surface. The combination of flat plainsand
rolling and irregular plainscomprisesabout athird of the Earth’sland area. Plainsal so contain morethan
80 percent of theworld spopulation, largely becausethelr rdlatively leve surfacesproducefew impediments
for human activities such asagriculture, transportation, and construction. Plainsare produced by avariety
of processesand typically comprise severd different portionsof any given continent. While someplains
result fromlong-term erosiona processes, othersresultsfrom theaccumul ationsof sediment indepositiona
environments. Themost extensiveplainsaresituated intheinteriorsof continentsand arelargely or entirely
separated from the coasts by intervening ranges of hillsand mountains. Theseinterior plains, which
normally have elevations of lessthan 300 meters (1,000 feet), result from thelong-term stability of the
Earth’scrust ininterior locations, including much of the central portion of the North American continent.
Coastal plainshavevery low elevationsand typically areflatter than interior plains. Most result from
processesthat haverai sed portionsof the ocean floor above sealevel inthegeologically recent past. This
isthe case onmost of the Atlantic and Gulf coastal plain of the United States.

Hillsand M ountains

In contrast to the low relief and gentle slopes that characterize plains, surfaces classified ashilly or
mountainous have moderateto high relief and apredominance of dopingland. Their elevationsareaso
much higher on averagethan those of plains; mountainousregionscontain themost € evated portionsof the
Earth’ssurface.

Hillsand mountains, athough normally classified separately, actualy arevariationsonthe same
theseand arediscussed jointly here. Althoughitisagreed that hillsare smaler than mountains, no generally
accepted point of demarcation between thetwo exists. Thissometimesgivesriseto confusing or incong stent
terminology, Sincewhat are mountainsto one group of peoplemay be classfied ashillsby another. For our
purposes, areaswith alocal relief of 60 to 300 meters (200 to 1,000 feet) areclassified ashilly, and areas
with arelief exceeding 300 meters (1,000 feet) asmountainous. Mountai nous areas have been separated
into areas with low mountains and high mountains. Together, hilly and mountainouslands comprise
approximately athird of the Earth’ssurface.

Hillsand mountainsboth result, directly or indirectly, from the uplift of the surface. They may be
produced directly by interna Earth forcesthat thrust up individual peaksor rangesof hillsor mountains.
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They may a so result from the uplift of an extensive surface area, followed by erosion that leaveshillsor
mountainsasresidua remnants. Both theamount of uplift and the nature and extent of subsequent erosion,
whichispartidly theresult of climatic conditions, arecritica indetermining therelief and ruggednessof the
topography. The Earth’'smg or mountain systemshavea |l been uplifted inthegeol ogically recent past; that
is, withinthelast few tensof millionsof years. Hilly regionsmay not have been uplifted asfar, or, asinthe
case of theAppal achians, they may represent the erosional remnants of older mountain systemsthat were
oncemuch higher.

Plains with Areas of High Relief

Inmost regionswherehillsand mountainsexist, they occupy alarge enough proportion of theland
that themg ority of the surfaceisindope. On plains, conversaly, themgjority of thesurfaceisrelatively
leve. Largeportionsof the Earth’ssurface, however, while predominantly level, containlocalized areas of
highrelief. Intheseinstances, the actions of at |east two different groups of geomorphic processesare
reflected inthelandscape.

Plainswith areas of high relief can be divided into two categorieson the basis of their surface
characteristics. Thefirst category may be described as plainswith scattered hillsor mountains. Inthese
areas, most of thesurface existsnear thelow end of the el evation range, and the upland surfacesarelimited
inarea. One of several processes may beresponsiblefor the areas of high relief. If they areisolated,
roughly conical hillsor mountains, avolcanic originislikely. If they arelinear ranges, they probably were
produced by folding or faulting, asin the Basin and Rangeregion of Nevadaand western Utah. If they are
widely separated blocksof variableformwithlittlelinear organi zation, they probably represent theerosiond
remnantsof apreviously moreextensive upland surface. Portions of the Piledmont of the eastern United
Statesarean example.

The second category may be described as plateaus with canyons or marginal escarpment. A
plateau isarelatively level upland surfacethat frequently isbounded on at | east one side by an abrupt
descent to lower eevations. Inthiscase, most of the surfaceisat the high end of therange of elevations,
andthelow devation surfacesarelimited in area. Plateausare most commonly created by thegeologically
recent uplift of alargeareawithaninitid flat surface. Oneexampleisthe Colorado Plateau, inthesouthwestern
United States, whose level surface originally formed on the ocean floor. In someinstances, however,
plateaus are produced by outpourings of tremendous volumes of lava, asin the cases of the Columbia
Plateau of the northwestern United States and the Deccan Plateau of India. Thehigh elevationsof plateaus
cause streamsdraining them to have alarge amount of gravitational energy, frequently enabling themto
carve deep, steep-walled canyonsor gorgesinto the plateau surfaces. The Grand Canyon, which has
been eroded by the Colorado River into the rock surface of the Col orado Plateau to amean depth of 1.6
kilometers(1 mile), isundoubtedly theworld' sbest-known example.
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GeneticApproach toLandform Sudy

The genetic approach to the study of landformsemphasizesthe causa factorsin the devel opment
of thetopography rather thanitsphysical attributes. Two basic groupsof geomorphicforcesexist. Eachis
powered by adifferent energy source; oneinfluencesthe Earth’s surface from bel ow and the other from
above.

Thefirst group of forces, tectonicfor ces, originate within the Earth. They are powered primarily
by the nuclear decay of unstableisotopesof the e ementsuranium and thorium. Thegenera tendency of the
tectonicforcesistoincreasethedevationand rdlief of the surface. Consequently, they are often described
asbeing congtructiveforcesinlandform development. From aglobal standpoint, tectonicforcesarelargdy
respons blefor raiangland above sealeve and for initialy producing mountainsand plateaus.

L andform producing for ces
1. Tectonic forces
A. Diastrophism

1. Folding

2. Faulting
B. Volcanism

1. Intrusive

2. Extrusive
Tectonicforcesareinturn, divided into two categories. Diastr ophism involves solid-state movements of
the Earth’scrust. Thisdisplacement may occur elther through thefol ding (bending) of therock materia or
through faulting, whichinvolvesrock fracturing followed by themovement of thetwo sidesof thefracture
relativeto oneanother. Volcanism involvesthetransfer of molten rock material, either from one point to
another beneath the surface or, morerarely but spectacularly, itsexpulsion onto the surface.

The second group of landform-producing forces—the gr adational for ces—originates abovethe
Earth’ssurface. They are powered by solar energy and are given adownward directional component by
gravity. The overall tendency of gradationisto lower the surface and to reducetopographicrelief. The
application of theseforcesisvery uneven, however, so that asequence of changing featuresis produced
during thegradational process. The ultimate effect of gradation would beto reduceall land surfacesto
smooth surfacesat or dightly below sealeve.

Threedifferent substances accomplish most of the actual gradational reduction of the surface.
Thesearewater, ice, and air (aswind), often collectively referred to asthe‘ threetoolsof gradation’. Itis
noteworthy that oneisaliquid, oneasolid, and one agas. These substances accomplish their work by
being heated, evaporated, or both, largely by solar energy. This causesthem to expand, become more
buoyant, and riseinto the atmosphere. When the energy islater lost, gravity causesthemto returnto the
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surfaceintheformsof liquid or solid precipitation or win. Once on the surface, they tend to flow downhill
or, inthecaseof air, to areasof lower pressure. Frictional drag exerted on the surface by thismovement
accomplishesthework of gradation. Theforceof gravity acting alone can a so transport material sdownhill
inareaswithloose or weak surfacematerials.

Examined in atemporal sequence, therearefour stepsin the gradational process, regardless of
whichtool isinvolved. Thefirst stepisweathering. Weathering actually isapreliminary processthat
makes gradation possible. It involvesthe breakup of solid rock or largerock fragmentsinto piecessmall
enough to bemoved by thethreetoolsof gradation. Thisisnecessary becausetheforcesof gradation are
not as powerful asthetectonicforces. For example, although amountain range may beraised tectonically
asasingleunit, it must be carried off by water, ice, or wind piece by piece.

Onewesthering has prepared the surface, thewegathered materid sareinreatively quick successon
picked up or er oded, transported, and finally deposited by one or more of the threetools of gradation.
Becauseerosioninvolvestheremoval of material, it lowersthe surface. Deposition, conversely, increases
surfaceelevations. Erosion occurswherethetool sof gradation have excessenergy and areableto perform
thework involvedin picking up and transporting weathered materia . Deposition usually occursat relatively
low elevationsandin areasof low relief. It takes place where the gradation toolslack sufficient energy to
continueto trangport the materia sthey have been carrying. For theworld asawhole, erosion mustinthe
long run equal disposition, since everything that is picked up must eventually be put back down. The
geographicd distributionsof sitesinwhich erosionand deposition dominatediffer greetly, though, because
the environmental conditionsthat favour these setsof processesdirectly oppose oneanother. Asabasic
geographical generalization, erosion exceedsdeposition onland areas, resulting in their net gradational
reduction, while deposition exceeds erosi on on the ocean floor.

Tectonic and gradational forcesarein essence diametrically opposed to one another in terms of
their effectson the surface and can be envisioned asbeing engaged in aconstant strugglefor acontrolling
influence on thetopography. As soon astectonic forces produce surface uplift, forming hills, mountains,
and plateaus, gradational forces attack these uplands, carrying them bit by bit to lowlandsor to the sea.
Tectonic forces are much more powerful and fast acting than gradational forces; they are capable, for
example, of thrusting up avol canic peak inonly afew years—an amount of timeso short that thegradationd
effectisminimal. Tectonic forces, however, operate very sporadically, with periods of intense activity
followed by long interludes of quiescence.

Each year, gradational forces erode some 1.0 and 1013 kilograms (11 billion tons) of material
fromtheland and transport it to the oceans. If erosion proceeded unopposed at thisrate, the continents
would bereduced to sealevel inaspan of only 40 millionyears. A comparable massof materia, however,
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islifted above the oceans annually by tectonic activity, so that thetotal mass of land tendsto remain
relatively constant.

Although the net gainsand losses of massfrom the Earth’ sland areasresulting from tectonic and
gradational forcesmay beroughly equal, the geographical distribution of these opposing forcesand the
typesof surfacefeaturesthey producediffer greatly. In abas ¢ sense, thetectonic forces can be considered
asprimarily responsiblefor thelarge-scal e patterns of surfacefeatures, such asthe arrangementsof the
continents and ocean basins and the locations of the major mountain ranges. Gradational forces, onthe
other hand, can only operatewhere, and when, thetectonic forceshavefirst created topographic features
to erode.

The s zes, shapes, and | ocations of the continents, ocean basins, and mountain rangesareamong
themost basic and important aspectsof our planet’s physica geography. They formthelargest unitsof the
Earth’ssurface features. In addition, because of the complex interactionsthat exist among the various
Earth surface phenomena, they exert avital influence ontheglobal patternsof climate, plant and animal
digtributions, and human activities.

Insofar as astronomers and geomorphologistsare ableto tell, the Earth’stopography isunique
among the planets and satellites of our solar system. Detailed surface observations of many of these
adtronomica bodieshavebeen madeinrecent years, and none hasbeenfound to haveal andform assemblage
evenremotely smilar tothat of the Earth’s. The uniqueness of the Earth’ stopography resultsmorefromthe
gradational forcesthan from thetectonic forces. All the planetsand larger satellites of the solar system
apparently either currently have, or at onetime had, tectonic forcesroughly comparableto those of the
Earth. (Some bodies, such asthe M oon, seem at present to betectonically inactive, apparently duetothe
depletion of their internal energy supplies). Not al these astronomical bodies, however, have gradationa
forces other than theforce of gravity. The existence of these forcesrequires both an atmosphere and
sufficient proximity to the Sunto supply an effective quantity of insolation. Those bodieswithout an
atmosphere, such asthe M oon, therefore have no way of erasing tectonic features of meteoriteimpact
craters. They contain ancient landscapesthat are nearly frozenintime. The Earth’ ssurface, in contrast, is
dynamic and isunique even when compared with the planetsand satellitesthat have an atmosphereand a
reasonable supply of solar energy. Thisisbecausethe surface of the Earth containsan abundance of life-
forms, islargely covered by water, and asan overlying atmosphere containing water vapour that isengaged
inaconstant exchange with thewater at the surface. The presence of lifeformsmakespossiblealarge
number of biochemicd reactionsthat greatly accel erateweathering processes, whilethe cycling of surface
and atmospheric water permitsthe erosion of the surface by streams, ocean water, and ice. Without a
hydrologic cycle, only thewind, theweakest of thethreetools of gradation, would be availableto erode
the surface. Thiswould greatly reduce both the speed of gradation and the variety of surface features
produced.
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If onelooksat theworking of thetectonic and gradationa forcesfromalong-term globa standpoint,
acomplex geologica cyclecan bediscerned. The same sequence of activitiesoccursover and over again,
andthesame Earth materia sare continually used and reused. The sequence can beenvisioned asbeginning
withthetectonic uplift of aportion of thesurface. Thematerid forming the uplifted regionisthen subjected
in turn to weathering, erosion, transport to the ocean floor or some other basin, and deposition. The
deposited sediment iseventua ly buried, compacted by theweight of the overlying materias, and gradually
recondtituted asrock. At somelater time, thisrock isonce again uplifted by another episode of tectonic
activity, and the sequence beginsanew.

Rocksand mineralson theearth’scrust

Thesolid surface of the Earthiscomposed almost exclusively of rock material sand their weathering
products. Rocksin different regionsvary greatly inorigin, composition, appearance, andin both physical
and chemical characteristics. Two consequences of thisdistribution that are of great practical importance
to humanity arethe global patternsof soil typesand the patterns of mineral deposits. Rock typesand
sructuresarecrucia in determining the characteristics of landforms. Ingenera, high-standing portions of
the surface either have been uplifted recently by tectonic forcesor are composed of physicaly strong and
chemically stablerock typesthat resist gradationa forces. In contrast, lowlandsfrequently areunderlain by
rocksthat are highly susceptibleto weathering and erosion. A bas c understanding themajor categories of
surfacerock typesistherefore animportant prerequisiteto the study of landforms.

TheEarth’scrust containsonly asmall number of chemica e ementsin abundance. Only eight, in
fact, individually account for morethan 1 percent of theweight of the crust. Oxygen and silicon are about
threetimesasabundant asdl therest combined. Thesetwo dementsusudly occur inchemica combination
withmetastoformtheslicate miner al's, the dominant mineral group of the crust and mantle. A miner al
isanaturally occurring, solid, inorganic compound. It hasaspecific chemical composition and usually
exhibitsacrygtdlinestructurethat resultsfrom adi stinctive atomic arrangement of itsconstituent e ements.
The 2,000+ known mineralsare divided into several major mineral groups dominated by the silicates,
which comprise 92 percent of the Earth’scrust.

Minerals can be considered the building blocks of rocks. A rock issimply asolid aggregate of
minerals. Most rocks contain several different minerals, theindividual crystals of which are sometimes
readily visible. Inmost areasthe solid surfacerock, or bedr ock, isoverlain by comparatively thinlayersof
weathered rock and soil. Mot of the continental crust iscomposed of rockswith ahigh content of silicon
and aluminum. Theserocksarenormally low in density and light in colour. The oceanic crust, in contrast,
consstsalmost entirely of denser, dark-coloured rock containing agreater abundance of iron, magnesium,

Geomorphology Neetu Singh
PRotosy 8 9| | DIRECTION IAS



and calcium. Thisrock issometimes brought to the surface by volcanic eruptions or isexposed by the
long-term erosion of alandmass.

Major categories of Rocks

From thestandpoint of the Earth scientist, themost meaningful way of categorizing rocksisby their
method of formation. Threebasi crock categoriesarerecognized: igneous, sedimentary, and metamorphic.
Within each category, alarge variety of individual rock type exists. Differencesamong rock typesare
determined by mineralogical makeup and mode of origin aswell asthe presence, size, and orientation of
their congtituent minera crystalsor rock particles.

Any rock typein any one of thethree major rock categories can be converted by Earth processes
to one of moretypesin either of the other two categories. These conversions occur because of changesin
theenvironmental conditionsthat influencetherocks. A given rock type canform only in an environment
wherephysical and chemica conditionsfavour itsformation. If therock-forming environment changes, or
if therock istransported to adifferent environmental setting, itisno longer in equilibrium with existing
conditions. It therefore beginsto changetoward acondition of equilibriumwith itsnew environment.

The continuous cycle of rock formation and transformationisknown astherock cycle. Asinthe
hydrologic cycle, the samemateria sare used over and over again. Theenergy that powerstherock cycle
isderived from both the Sun and theinterior of the Earth. Aslong asthesetwo energy sources continueto
operate, thematerialsof the Earth’scrust will continueto beinvolvedin aconstant cycle of change.

I gneous Rocks

I gneousr ocks(fromtheLatinigneous, ‘fromfire’) areformed directly from the solidification of
molten rock and are produced by tectonic activity. If the Earth at onetime existed inamolten state, asis
believed to have been true during the period of planetary formation, it must have consisted entirely of
igneousrock whenit solidified. Thismeansthat the constituentsof all rocks must originally have been
derived fromigneousrock. Thegreat mgority of the Earth, including al of the mantleand oceanic crust
and even most of the continental crust, still consistsof igneousrock. Only within afew kilometersof the
surface are sedimentary and metamorphic rocksfound.

Most igneousrocks, including many now at the surface, formed inthelower crust or upper mantle.
Although both of these segmentsof the Earth’sinterior consist primarily of solid rock, localized magma
(moltenrock) pocketsforminthevicinity of zonesof weaknesswhere pressuresarenot sufficiently highto
keep therock from expanding and melting. Such masses of magmamay beinjected into overlying rock
layersbefore solidification occurs, forming bodiesof intrusiveigneousr ocks. Where bodies of hot or
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moltenigneousrock exist near the Earth’ssurface, they may heat large volumes of groundwater than can
bewithdrawn by humansfor heating or electricity.

Themost visblecharacterigtic of intrusveigneousrocksisthelargesizeof their congtituent minera
crystas. Thesecrystas, which havetimeto form because of thevery dow rate of cooling and solidification
of intrusiveigneousrock bodies, normally areeasily visible, and their sharp edgesgivetherock arough, a
granular texture. The best-know intrusiveigneousrock typeisgranite, whichiscomposed mostly of the
mineralsquartz, mica, and feldspar.

Intrusiveigneousrock bodies (known asplutons) often serveassitesfor theformation of veinsof
economically important metallic mineras. Theseveinsformaong fracturesor other zones of weaknessin
thedowly cooling plutons. Mineral-bearing fluidsenter and move dong thefractures, depositing dissolved
mineral s because the reduction of pressurein these zones of weaknessreducesthe ability of thefluidsto
carry mineralsin solution. Richly mineralized igneousrock bodiesarethe sourcesof much of theworld's
suppliesof metalssuch asgold, silver, copper, and tin.

On occasion, magmamakesitsway to the Earth’ ssurface, whereit flowsout aslava or isthrown
out asvolcanic g ecta. Thesolidification of thismaterial formswhat istermed extr usiveigneousr ock
becauseit isextruded onto the surface while still molten. Because of therapidity with whichit cools,
extrusiveigneousrock generally hasmicroscopic mineral crystalsand, unlessit containsair pockets, is
relatively smooth. Basalt, adense, black rock containing substantial quantitiesof iron and magnesium, is
the best-known extrusive igneous rock type. The Hawaiian | slands and the Columbia Plateau of the
northwestern United States consist largely of basalt. A lessdense, lighter-colored extrusiveigneousrock
containing large quantities of silicon and aluminum istermedr hyolite, whileathird common rock type,
andesite, isintermediatein composition. Someigneousrock types, including obsidian and pumice, have
cooled sorapidly that mineral crystallization did not occur at all, and they areglassy intexture.

Intrusive and extrusiveigneousrockstogether cover about one-third of the Earth’sland surface,
andthat theintrusiverocksare the more common of thetwo groups. Thedistributional pattern of intrusive
igneousrocksiscomplex, but thelargest areas consist of the cores of ancient plutons, such asthosein
eastern Canada, Scandinavia, and Africa. Only the erosion of great thicknessesof overlying rock masses
hasalowed these ancient rocks, which originally formed agreat depth, to exist at the surface.

Extrusiveigneousrocksare more commonly associated with oceani ¢ crust than with continental
crust. Onland, they occur mostly within active vol canic zoneslocated a ong the margins of the continents.
They arequitecommon, for example, al dong the borderlands of the Pacific. Becausevolcanic eruptions
usudlly arerather localized phenomena, the resulting extrusiveigneousrocks are scattered in numerous
patches. Inafew instances, though, large-scal efissure outpourings of lavahave covered extensive areas.
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Notableinthisregard are the Columbia Plateau of the western United States, the Parana Plateau of
southern Brazil, and the Deccan Plateau of India
Sedimentary Rocks

Westhering processesfrequently produceloose surface material ssufficiently small and light to be
picked up and transported to other sitesby gradational agents. Any such solid materials, of either organic
or inorganic origin, that have been transported by water, ice, wind, or gravity are collectively termed
sediments. Familiar examplesinclude mud or gravel depositsleft by streams, beach sand and shells
washed ashore by the ocean, rock debrisdeposited by retreating glaciers, and windblown leavesand dust.

Sedimentsare deposited wherethe energy of the transporting agentsisinsufficient to carry them
farther. Becausewater is
by far themost effective
gradational tool, most
depositional sites are
associated with bodies
of slow-flowing or
standing water. i
Examplesincludevdley
floors, lake bottoms, .
and especidly the ocean
floor. The ocean can be
thought of astheultimate
sediment trap. Once

MeTameRrbHic
sediments reach it, as from oK.
they do in tremendous Ouuland mantfe T

guantities, there is

normdly noway forthem

to beremoved because most sediments are denser than water and sink to the seefl oor. The great majority
of land-derived sediments reach the ocean by way of rivers, so that the greatest rates of sediment
accumul ation occur along the continental margins, especialy near themouthsof largerivers.

Where conditionsremain favourablefor the deposition of sedimentsover extended periods of
time, they gradually accumulate to form horizontal layerstermed strata. If accumulationisrapid, great
thicknesses of material eventually collect, resulting inthe deep burial of thelowermost sediments. This
generatesalargeamount of pressure compacting these sediments. Frequently, water circulating through
the compacted sediments preci pitates chemical sthat cement the deposits together. The processes of
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compaction and cementation, along with chemical changesin the sedimentsthemselves, result intheir
gradual conversionto sedimentary rock.

The boundaries or bedding planes between adjacent strata mark periods in which local
environmenta conditionsat thetime of deposition changed, resultingin changesin thetypesof sediments
being deposited. Thick sequences of sedimentary rocks containing many hundreds of individual strata
occur invariouspartsof theworld. Where deposition was continuous, these stratamay provideinformation
about past environmental conditionsover alengthy geological time span. They bear € oquent testimony to
thegreat age of the Earth and to theinconstancy of surface environmenta conditions.

Sedimentary rock types

Sedimentary rocks are categorized by their method of formation. Three basic categoriesare
recognized: clastic, organic, and chemica —each containing anumber of individua rock types.

Clastic sedimentary rocksare composed of particlesof preexisting rocks. These particleswere
derived from thewesathering of the parent rock and were subsequently transported, deposited, andlithified,
or converted torock. Clastic sedimentary rock typesare differentiated onthe basis of their sizesof their
constituent particles. Conglomer ate containsthe largest particles, which must be at least gravel size.
Sandstone, one of the most abundant sedimentary rock types, consists of sand-sized particles. Most
sandstonescontain quartz sand grainsbecausethe great chemical stability of thismineral alowsittoremain
inrock formlong after other mineralshave weathered away. Siltstone and shale are composed of silt-
sized and clay-sized particles, respectively. These sedimentswere nearly aways deposited on the bottom
of astanding body of water such asalake or ocean. Shaleisthe chief sedimentary rock produced onthe
deep seafloor and comprisesgpproximately haf of al sedimentary rock. Both siltstone and shde, dthough
chemically stable, are physically weak and susceptibleto erosion so that they arefrequently associated
withlowlandsin areaswherethetopography isdominated by erosional processes.

Organic sedimentary rocksare produced from the remains of plantsand animals. Most are
composed of car bonate miner als, which contain apredominance of carbon and oxygen. Limestone
(CaCO3) ishy far the most abundant rock type within thiscategory. It formsin clear, warm water asa
result of the action of marine animalsthat synthesi ze cal cium carbonatefor their shellsor exoskel etons.
Whentheseanimdsdie, their remainsaccumul ate on the seafloor and are buried, compacted, and lithified
intolimestone. Most atmaospheric carbon dioxideiseventually dissol ved into the ocean watersand endsup
inlimestone. Most of the Earth’ snear-surface supply of carbonislocked upinthisrock.

Whilelimestoneisthe chief organic sedimentary rock derived from animal remains, coa isthe
most common rock derived from theremainsof plants. Thisrock type, composed largely of carbon, is
formed fromtheburia, compaction, and gradud lithification of plant remainsin shall standing water or on
water-saturated ground. Most large coa depositsformed about 250 million yearsago, when large portions
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of the Earth were covered by swampy, forested lowlands. Coal isour most abundant fossi| fuel resource
andiswidely distributed around the Earth.

Chemical sedimentary rocks are formed by the precipitation of chemicals in water. For
precipitation to occur, the water must becomelocally supersaturated in these substances. It aready has
been noted that chemical precipitatesplay animportant rolein theformation of the coarser clastic rocks,
notably conglomerate and sandstone, by serving asthe cementing agentshol ding therock particlestogether.
Under certain conditions, rocksareformed largely or entirely of these precipitates. The most common
chemical precipitateiscalcium carbonate (CaCO3), which can accumulateto form chemical limestone
deposits. Most currently forming chemical limestonesare onthefloorsof shallow areasinthetropics.

Distribution of sedimentary rocks

Sedimentary rocksarethemost widely distributed of thethreemajor rock categoriesat theEarth’'s
surface. Although they compriseonly about 5 percent of the volume of the continentd crust, they forma
relatively thin veneer over approximately two-thirdsof theland surface and virtually all of the seafloor
beneath the cover of marine sediments. The chief land areas not covered by these rocks are ancient
plutonic rock areasand areasthat have experienced recent vol canism. In addition, some sedimentary rock
areasareoverlain by thick unconsolidated glacia deposits.

Thewidespread presence of sedimentary rocksof marineoriginiscontinental settingsindicates
that theland intheseareasmust haverisen above sealeve after therockswereformed. Marinesedimentary
rocks, for example, cover much of the midwestern United Statesand Canadian prairies. In most low-lying
coastal regions where sedimentary rocks of recent origin are found, oceanic retreat apparently was
accomplished by dight reductioninsealeve or by surface uplift withlittle accompanying disturbancetothe
rock layers. Thenearly horizontal sedimentary rocksof theAtlantic and Gulf coastal plain of the eastern
United States serve as good examples. In other places, though, major tectonic upheavals havelifted
sedimentary rock sequencesgrest distancesabove sealeve , often complexly deforming themwhiledoing
s0. Most of the Earth’ smajor mountain ranges, including the Rockies of northern North America, are
composed chiefly of sedimentary rocksthat formed ontheoceanfloor.

Metamor phic Rocks

M etamor phicrocks (from the Green metamorphosis, or ‘ transformation’) arerocks altered
fromtheir original form by heat, pressure, and/or chemical activity, whileremaining in the solid state.
Metamorphic changesin rocksproducetextures, sructures, minera compaositions, and genera gppearances
that differ fromthose of the origina rocks. The consistent chemica e ementsremain thesame, but they are
rearranged into different mineral combinations. M etamorphism resultsfrom the high temperaturesand
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pressuresgenerated well beneath the surface by tectonic processes. Most metamorphic rocksare produced
by large-scade or regional metamor phism that occurs during mountain-building activity.

All typesof rock are subject to metamorphism with sufficient applicationsof heat and pressure;
thisincludesigneous, sedimentary, and even metamorphic varieties. Each rock type has one or more
metamorphic equivalents. Varying degrees of metamorphism exist, from dight alterationsto complete
recrystalization. Thetype of metamorphic rock produced at any given site dependson the original type of
rock and onthe nature, intensity, and duration of the metamorphic processes.

Metamorphic rocksareby far theleast abundant of the three mgjor surfacerock categories. They
aremuch more common deep within the crust where they have been produced by tectonic movements.
Because great thicknesses of overlying materials must be eroded before rocks subjected to regional
metamorphism appear at the surface, they are exposed mostly in ancient plutons. Most metamorphic
rocks comprised theroot zones of major mountain rangesthat werethrust up by collisionsbetween blocks
of crustal materid.
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