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DENUDATION

Thisreferstotheexogenic(externalforces)agentswhichwearawaytheland

surface.Denudationinvolvesanumberofprocessesnamelysoilerosion,weathering,

masswasting,glaciationaswellasthetransportationofthebroken-downparticles.

Theterm denudationiswidelyusedtocoveralltheagencies/processesbywhich

partsoftheearth’ssurfaceundergodestruction,wastageandloss.Thisisthegreat

workofweatheringagents,masswasting,erosionbyrunningwateri.e.rainwash,

streamsandrivers,bymovingiceinform ofglaciersandicesheets,bywindand

waves,tidesandcurrentsintheseaaswellasthetransportationofthebroken-up

particlesoftherocks.

WEATHERING.

Weatheringisthephysicaldisintegrationandchemicaldecompositionofrocksat

thesurfaceoftheearthinsitu.Weatheringcanbedividedintothoseprocesses

involvingchemicalreactionandformationofnewminerals(chemicalweathering)

Weatheringcanalsobereferredtothedisintegrationanddecompositionofrocks

intoincreasinglysmallerparticlesorgranulesinSitu;thatisinoneplacewithno

movementsinvolved.

Weatheringalsoreferstothedisintegrationordecompositionofrocksbyeither

mechanicalorchemicalmeansresultingintothebreakup,decayandrottingofthe

rocksinsitui.e.inoneplace.Thisdefinitionsuggeststhatunderweathering,thereis

notransportationofthebroken-upparticlesoftherocksandifthishappens,itwillbe

regardedaserosionbutnotweathering.

Theendproductofweatheringistheformationoflayersofweatheredrocksknown

asdebris.Theactionofweatheringinthedestructionofrocksisdependentuponthe

removalofweatheredlayersnotablybywind,waterorice.

Rockdisintegrationismajorlyaffectedbyagentsofweathermostlyrainfalland

temperaturehencethenameweathering.Otheragentsofweatheringarefrost,wind,

livingorganisms,lightening,gravityandcrystallization.

Iftheweatheredrockisnotremoved,itmayactasaprotectivelayertothe
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underlyingrock.So,weatheringitselfdoesn’tinvolvetheremovalofmaterialsbutas

aprocess,itdependsupontheremovalofweatheredmaterialsbyoutsideagents.

Weatheringisanextremelyimportantprocessinshapingthelandscapeonthe

earth’ssurface.

TYPESOFWEATHERING.

Weatheringtakesplaceinthreetypesofphysical,chemicalandbiological

processes.

Physical(Mechanical)Weathering;isthedisintegrationorrocksintosmaller

fragmentswithoutanychangeinthechemicalcompositionoftherock.

Itoccursduetothephysicalchangesofpressureandtemperaturethatputstherock

onstressandleadstorockbreakdown.Physicalweatheringoccursunderconditions

oftemperaturefluctuationsmainlyinsemiandareasthatexperiencewidehidehigh

temperaturesduringdayandcoldrightsaswellasthecoldmountainpeaksof

Rwenzori,KenyaandKilimanjaro.

Ittakesplaceinform ofexfoliation,blockdisintegration,granulardisintegration,

pressurerelease,frostactionandfrostheaving.

Therefore,thistypeofweatheringworksonrockstomakelittleonesoutofbigones

withoutchangingthechemicalcompositionoftherock.i.e.rocksdisintegrateinto

smallerparticlesbutmaintaintheirpreviouschemicalcharacteristics.Whatchanges

isonlythephysicalsize?Itismostlyaffectedbytemperaturechanges.

Chemicalweatheringisthedecompositionofrocksintoresidualmaterialsresulting

inpartialorcompletechangeinthechemicalcompositionofrocks.Itisdueto

chemicalreactionsbetweenrockmaterialsandtheatmosphericelementssuchas

wateranggaseslikeoxygen,carbondioxideandhydrogenamongothers.Chemical

weatheringtakesplaceunderconditionsofhighhumidity,hightemperaturesand

heavyrainfallthatfacilitatethechemicalreactions.

Itoccursinform ofoxidation,carbonation,solutionandhydrolysisamongothers.

Basically,asitrains,rainwaterreachestheearthsurfaceinamixtureofvarious
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gasese.g.oxygen,hydrogenandcarbondioxide.Thissolutioncreatesacross

sectionofchemicalreactionswithgreatlyweakentherockandthereforemakeit

decay.Therefore,newchemicalcompoundisproduced.Thisiswhatiscalled

chemicalweathering.Itismostlyaffectedbyrainwater.

Biologicalweathering;referstothebreakdownofrocksintosmallerparticlesdueto

theinfluenceofplantsandanimals.Ittakesplaceinareasofthickvegetationcover

anddensesettlements.Itinvolvestheactionofbacteria,plantroots,burrowing

animalsandhumanactivities.

FACTORSAFFECTINGTHETYPEANDRATEOFWEATHERING.

Therateofweatheringistheamountofrockdisintegrationperunittime.Itisthe

paceatwhicharockbreaksdown.

Physicalandchemicalrockbreakdownarethemajortwotypesofweatheringarea

functionofseveralfactorsactinginconjunctionratherthaninisolation.

Thenatureoftherockisoneofsuchfactors.Thisfactor,however,workshandin

handwithotherfactorstoinfluencetherateandtypeofweathering.
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(a)Natureoftherock;Thenatureoftherockreferstorockstructureorphysical

andchemicalmakeupofthevariousrocks.Itreferstorockattributessuchas

colour,thehardnessandsoftness,mineralsformingtherock,rocktexture,the

rockstructureandjoints,permeabilityamongothers,likeage,texture,size,

layeringetc.

 Rockhardnessandsoftness;Thisisrelativedifficultyandeasewithwhichthe

rockscanbestretched.Hardrocksareveryresistanttophysicalandchemical

weatheringprocesscomparedtothesoftrocksthatarebrokendowneasily.

 Mineralcomposition;igneousrockswithlowsilicacontentwhenexposedto

theatmospheredisintegrateatrelativelyfasterratecomparedtotheacidic

rocksrichinsilicacontent.Thisthereforeimpliesthatrocksrichinsilicaare

muchhardertoweatherascomparedtothosedeficientinsilicalike

limestoneandcarbonaterocks.Calcareousrocksuchaslimestoneisbroken

downveryfastwhentheyreactwithwatercontainingcarbondioxidethrough

carbonation.

 Colour(luster)oftherock;Lusteristheintensityoflightfrom therocksurface.

Mineralrockswithshinysurfaceorlightcolourreflectmoresolarenergythan

absorbandthismakesthem toheatupsolelythusreducingtherateofrock

breakdown.

Ontheotherhand,darksurfacerocksabsorbalotofsolarenergyandheat

uptoexpandveryfastduringdayandlosealotofheattocontractatnight.

Therepeatedexpansionandcontractionofsuchrocksmakesthem tobreak

downatfasterrateinform ofexfoliationandblockdisintegration.

 Rocktexture;Thisreferstothecrystallineofrocksaswellastheparticlesize.
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Rocksareeithercoarsegrainedorfinegrained.Coarsegrainedrocksbreak

downfasterthanfinegrainedrocks.

 Permeabilityandimpermeabilityoftherocks;Permeablerocksallowwaterto

gothroughthem andbreakdownveryfastwhiletheimpermeablerocksdo

notallowwatertopercolatethem thusdonotweathereasily.

 Rockstructureandjoints;Rockjointsincreasethesurfaceavailableforrock

decaythusacceleratingtherateofrockweathering.Therefore,rockswith

verymuchjointstendstobreakatthefasterratesincesuchjointsenable

waterandtheplantsrootstopenetrateintoloweranddeeperlayers.The

jointsalsofacilitatethefrostactionofphysicalweathering.Ontheotherhand,

rockswithfinestructureorfewjointsdonotbreakdowneasily.

 Theageoftherockshasalsoabearingontherateofweathering.Rocks,

whichareaged,aremoresusceptibletobreakages(faults)wheneverexposed

totectonicpressurewhileyoungrocksfoldinsteadoffracturing.These

breakagesandcracksbecomezonesofexpansionandcontraction(physical

weathering)orthroughwhichwaterentersrocksforrapidchemical

weathering.

 Thesizeoftherockalsomatterswhenitcomestoweathering.Rockswhich

aremassive,willnotverymuchyieldtoweatheringlikesmallrocks.Therefore,

thebiggertherockthelessertheweathering,effectandthesmallertherock,

themoretheweatheringeffect.

b).Climate;Thismajorlystresstheinfluenceofrainfallandtemperatureconditions

onrockweathering.Itcanbeexaminedbasedonvariousclimaticzonesforinstance;

Equatorialclimatewithhightemperaturesandheavyrainfalltendstocatalyzesthe

chemicalweatheringprocesslikecarbonation,solution,hydrationandothers.
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Thisisbecausetheheavyrainfallprovideswaterthatreactswiththerockminerals

whilethehightemperaturescatalysethechemicalreactions.Therefore,regions

experiencingmodifiedequatorialclimateliketheLakeVictoriabasinare

characterizedbyhighrateofchemicalweathering.

Insavannahregions(transitionzones),thealternatingwetanddryseasonswithinthese

areasgivewaytobothchemicalandphysicalweatheringtotakeplace.Chemicalweathering

ismoreactiveduringthewetseasonandphysicalweatheringismoredominantinthedry

season.

Inandsemi-aridareasofEastAfrica,theclimaticconditionsoflowcloudcover,

highabsolutetemperatureandhighdiurnaltemperaturerangetendstoincreasethe

effectivenessofphysicalweathering.

Theveryhightemperatureduringdayandverylowtemperatureatnightleadsto

rapidexpansionandcontractionofrocks.Physicalweatheringprocessessuchas

exfoliationandblockdisintegrationarethereforepredominantintheseregionssuch

asKaramojaandnorthernKenya.

Coldclimaticconditionstendtopromotefrostactionorfreezethawprocessesof

rockweathering.Thefreezingwatertendstowidentherockandconsequently

facilitaterockbreakdowninform offrostaction.Thisoccursonthesnow-capped

mountainsofRwenzori,KenyaandKilimanjaro.

c).Relief/Topography;Thisisthephysicalappearanceofthelandscape.Itis

manifestedinslopeangleandaltitude(heightabovesealevel)oSteepslopestend

towitnessrapidremovalofweatheredmaterialthusexposingunderlyingrocksto

theconstantagentsofweatheringlikeairandwaterthuspromotingphysical

weatheringprocesseslikepressurerelease.

 Gentleslopesexperiencelesserosionandsomedepositionofheavygranules,

thedepositedmaterialstendtoprotecttheunderlyingparentalrocksfrom the

atmospherethusreducingontherateofweathering.

 Lowlands/valleysexperiencedepositionofweatheredmaterialsassociated

withwaterflooding.Theaccumulationofwateronparentrocksinsuchareas

facilitatechemicalweatheringprocesslikesolutionandhydration.
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 Inaddition,reliefcreatesconditionofleewardandwindwardeffectswhich

influencetherateandtypeofweathering.Physicalweatheringprocesstend

tobedominantontheleewardsideduetoandconditionswhilechemical

weatheringprocessestendtobedominantonthewindwardsideofthe

mountainduetoheavyrainfallreceived.

(d)InfluenceofLivingorganisms;Likeplantsandanimals,whenthelivingorganisms

die,theydecomposeintohumus.Thehumusreactswithwatertoform humicacid

whichchemicallyreactswithrockstofacilitaterockbreakdown.

 Vegetationcoverespeciallytreesactasagentsofrockweatheringduetothe

reactionoftheirroots.Astherootsincreaseinsizeandgrowdeepintothe

ground,theytendtoopenupthejointsorrockcracksandconsequently

facilitatingdeepweatheringofrocks.

 Burrowinganimalssuchasrodents,rats,moles,termitesandotherstendto

loosenandbreaktherocksthusfacilitatingphysicalweatheringand

biologicalweathering.

man’sinfluence;manmayinfluencechemicalweatheringthroughanumberofwayse.g.

 Emissionofindustrialgasesintheatmospherewhichincreasesacidityinrainy

waterwhichacceleratestherateofchemicalweatheringprocessesofcarbonation.

 Dumpingofindustrialordomesticoragriculturalinfluenceonlandorwaterwhich

directlyreactorincreasetheactivityintheenvironmentthusincreasingtherateof

chemicalweatheringbycarbonationetc.

 Mancarriesoutactivitiesthatdirectlyinvolvethebreakdownofrockse.g.mining,

quarrying,roadandotheractivitieslikeagriculturewhichexposetheunderlying

rockstochemicalweatheringprocesses.Alsoirrigationavailswaterthatincreases

chemicalweatheringprocesseslikehydration,hydrolysisandsolution.

e)Drainage:

leachingoccursonflatlandsbecauseofpoordrainagei.e.rockmineralsaredissolvedand

takenawayinsolutiontodeeperlayersofthesoilprofile.Thisleavesbehindresidualsoils

whicharerichiniron,magnesium,andcalcium compounds.Theironcompoundsare
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oxidizedintheprocessofoxidizationtoform lateritesoils.

Poorlydrainedareaslikeflatplainshaveahighdominanceofchemicalweatheringinform

ofhydrolysis,hydration,reductionandsolutionwhichhelptodecomposetherock.Thisis

becauseofthestagnantwaterinvalleysandotherlowlyingareas.

(f).Naturalcatastrophes:Naturalcatastropheslikeearthquakes,lightningandthunder,

volcaniceruptionsetc.resultintomechanicalorphysicalbreakdownofrocks.These

catastrophescanfurtherexposetheunderlyingrockstobothphysicalchemicalweathering.

(h)Time;Thisisthedurationinwhichtherockisexposedtotheweathering

processes.Timeisapassivefactorthatstressitsrolethatoldrocksorthosewhich

havebeenexposedtoweatheringagentstendstohaveafasterrateofrockbreak

downcomparedtothenewlyformedorrecentlyexposedrocks.Inprinciplethe

longerthedurationofrocksexposuretoweatheringagents,themoreadvancedthe

rateandtype/characterofrockweathering.

GuidingQuestion:

Towhatextentdoestherateandcharacterofrockweatheringdependonthe

natureoftheparentrock?

PHYSICALWEATHERINGPROCESSES:

Asalreadydefined,physicalweatheringisthemechanicaldisintegrationofrocks

intofragmentsordevelopmentofcrackswithinrocks.Thistypeofweathering

occursinvariouswaysasshownbelow:

I. exfoliation:

Thisprocessiscausedbyrepeatedheatingandcoolingoftherocksurfacedueto

highinsolationandterrestrialradiation.Duringday,therocksurfaceisintensely

heatedbytheincomingsolarraysthusmakingitexpandanddevelopcracks.

Atnight,temperaturesrapidlyfalltocoldlevelsduetooutgoingsurfaceradiation

andthismakestherocktocontractrapidlythuscrackingtherock.

Therepeatedprocessofrockexpansionandcontractioncreatedbywide

temperaturefluctuationsmakestherockcrackstwidentoafewcentimetresthick
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andconsequentlybegintopeeloffintoscrees(rockdebris).Afterthepeelingoffof

theouterrocklayer,anewrocksurfaceisexposedtotheatmosphereinform ofoval

shapecalledanexfoliationdome.

InUganda,exfoliationdomescanbetracedinKaramoja,Kitgum,Mubendeand

Soroti.InTanzania,theycanbeseeninSongea,Rongwa,SerengetiandDodoma.In

Kenya,theyarefoundinnortherneasternKenyaandTurkanalandinthenorthwest.

II. Blockdisintegration.

Thisoccursinareaswheretherearejointedrockswhichexperienceextreme

temperaturefluctuationsduringdayandatnight.Thehightemperaturesduringday

andcoldnightsleadtorapidexpansionandcontractionofrocksthusmakingthe

rockstofractureintorectangularblocksaprocessknownasblockdisintegration.

Thistypeofweatheringproducesgranitetors(inselbergs).Thesegranitetorsor

inselbergsareoftwotypes;i.e.castellatedtorsandtorsandfingertypeinselbergs.

Castellatedtorsareproducedwhenthereisbothhorizontalandverticaljointsina

rocksuchthatdisintegrationisbothhorizontalandverticale.g.Kachumbarockin

Kumi,MubendetorsinwesternUganda,KitMikaiinSemalocationofLukenyain

KenyaandBismarckrockinMwanza-Tanzania.

Illustration
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III.Frostshuttering;

Thistypeofweatheringisexperiencedinareasthatfallbelow0°candinEastAfrica

thesearethemountainspeakofmtRwenzori,mtKenyaandMtKilimanjaro.During

theday,waterentersintothecracksoftherocks.Duringthenightsthiswater

freezesandexertingpressurewithinthecracks.

Waterinsuchmountainsfreezesalmosteverynightandthenthawsthenextday

Beforefreezing afterfreezing.

Itissaidthatwateroncefrozen,expandsbyapproximately10%itsliquidvolume.It

istheexpansioninthesecracksthatmakesrockparticleswithinthecrackstobreak

offasscreesandtherocktodisintegrate.

Thistypeofweatheringisalsocalledcongelifraction.Itproducesangularscreesthat

maycoverextensiveareaswhicharecalledfalsmeer.ThiscanbeseenonBatiaand

NelionpeaksonMountKenya,UpperMubukuvalley,aroundMargherita,Stanely,and

BakerpeaksonMountRwenzori.
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Iv.Pressurerelease;(unloadingprocess).

Thisoccurswhentheoverlyingweightontheparentrockisremovedbydenudation

especiallysoilerosionthuscausingtheunderlyingrocktoberelieved.Whensuch

weightisremoved,rocksbegintoexpandanddevelopcurvedjointsparalleltothe

rocksurface.Thesejointswidenanddeepenandeventuallyfacilitaterockbreak

down.Itoccursonexposedbatholiths,sillsanddykesandcanleadtotheformation

ofInselbergs.

Pressurereleaseprocessoccursintheregionsofpoorvegetationcoverwherethere

isseveresoilerosion.ExamplescanbewitnessedinTurkanaLand,Karamojaregion

andAnkole-masakacorridor,panyjokinApach,MayanjoinKampala,between

MwanzaandIringa,SerengetiandRukwaregionofTanzania.

V.GranularDisintegration:

Granulardisintegrationtakesplacealmostinthesamewayasexfoliationexcept

thatinthistype,rockdisintegrateintosmallparticlescalledgranules.Granular

disintegrationisproducedintwoways:

a)Bydifferencesinthermalexpansionandcontraction:somerocksare

composedofmineralsandparticlesthatrespondtotemperaturesdifferently.

Ifarockisforexamplemadeupofwhiteandblackparticleswillabsorbmore

temperaturethanthewhiteparticlesandbothwillexpandatdifferentrates.

Thesameapplieswhentherockhasgotmineralsthatexpandandcontract

differentlywiththermalheating.Thiswillcausestrainsandstresseswithin

therockanditwillbreakupintoitsgranules.

b)Frostheaving;Thistypeofgranulardisintegrationiscommoninicecapped

marginswherefreezingandthawingoccur.Italsooccursinporousrocks

suchthatwhentemperaturesarehigh(day),icemeltsandwaterenterthe

rocks.Whentemperaturesdropbelow00c,thiswaterfreezeswithintherock

particlesandexpandshencedetachingtheseparticlesapart.Therock

crumblesintosmallparticles(granules).
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Frostheavingleadstotheformationofstonepolygonsorpatternedgroundseenin

valleyse.g.TelekivalleyonMountKenyaandalsoonmountRwenzori.Alternatively,

frostheavingiscalledcongeliturbation.

VI.Crystallization:

Thisisoneofthephysicalprocessesofweatheringinwhichsomerocksmayabsorb

saltywater.Thissaltywaterwilllatercollectinrockcavitiesandpores.Thiswater

maylaterstarttoevaporateandhencesaltcrystalswillbegintoform.Asthesesalt

crystalsgrowbiggerandexpandinsize,theyexertpressureonsurroundingrock

particleshencemakingthem peeloff.Itisacommonprocessinaridareasand

coastalareasofEastAfrica.

Elsewhere,itiscitedaroundLakeKatwe,LakeNyamunukaandLakeKasenyiin

westernUganda.ItisalsocommonaroundLakeMagadi,NatronandNakuru(which

aresaltylakes).

VII. Aridityshrinkage

Thistypeofweatheringoccursinareasexperiencingextremesofweatheri.e.wetanddry

seasons.Itoccurswhendroughtsucceedsarainyseasonsuchthattherocklosesthewater

thatwaspreviouslytakenupduringtherainyseason.Asaresult,therockcrumblesinto

smallerelongatedfragments.Forexample,whenasampleofclaydriesout,itshrinksandits

surfacebecomesfilledwithcrackshencefacilitatingitsbreakupanditssubsequent

removalespeciallyonaslope.

Viii.Organicactivity:

Thisisthephysicalactivityofbiologicalorganismsnamelyplantsandanimals.Plant

rootssearchingformineralsandwatergrowintotherock.Astherootsincreasein

size,theywedgetherockapart.Burrowinganimalsfurtherbreakdowntherockby

movingfreshmaterialtothesurfaceandundergroundrockswheretheylive.

Wildgameandlargedomesticanimalscontributetophysicalrockdisintegrationas

theytrampleonthegroundinthecourseoftheirmovementacrosstherange-land.

QN:(a)Distinguishbetweenphysicalandchemicalweathering

(b)Givingspecificexamples,describethephysicalweatheringprocessestaking
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placeinEastAfrica.

CHEMICALWEATHERINGPROCESSES.

Theprocessofchemicalweatheringorrockdecompositiontransformsrocksand

mineralsintonewchemicalproducts.Thistransformation(change)isusually

assistedbythepresenceofwaterandair,particularly,oxygen.Inchemical

weathering,theinternalstructuresofmineralsmaybechargeddecompositionis

camedoutinseveralways.

Thekeyweatheringprocessesaredescribedbelow.

1.Oxidation.

Thisisaprocesswhichinvolvestheabsorptionofoxygenintheatmospherebyrock

mineralespeciallyironandaluminium compounds.Forexample,theironcompounds

reactwithoxygeninwatertoform ironoxidewhichformsarustlineovertherock.

Therustingoftherockindicatesthedecompositionprocess.Rocksaremostly

affectedbyoxidationprocessincludeOlivine,feldsparandmica.

Belowthewatertabletheferrouscompoundsintheclaygiveitgreyorbluecolour

butinthezoneabovetheinfiltratingwater,theoxygenoxidesferrouscompounds

intoredbrowncompounds.

IncentralBuganda,theprocessformshardcrustontopofthehillswhichare
laterites(duricrusts).OxidationalsotakesplaceinKigeziandTororowherethereare
rockswithironore.

Fe+O2 FeO(ironoxide

4Fe0 + 02 2Fe2+03

Ferrousoxide+oxygen= Hematite

2Ca(s)+O2 2CaO(s)

2Mg(s)+O2 2MgO(s)

Oxidationofarockcanresultinaseriesofreactionsandprocessestakingplace.E.g.
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Theoxidationofolivinerocksresultsintoproductionofmagnesium hydroxide,

ferrousoxideandsilicaacidasshownbytheequationbelow.

MgFeSi04+2HOH Mg(0H)2+Fe0+H2Si03

(Olivine)+(Hydroxy) (Magnesium hydroxide)+(Ferrousoxide)+(silicaacid)

2.Hydration.

Thisisaprocessofweatheringbywhichrocksabsorbwaterandexpandinsize.

Thisexpansionreducesthecohesivenessoftherockparticleshenceinternalstress

iscreatedintherockandthereforearockcrumble.Somerockse.g.hematiteand

anhydritecompletelybreakdownafterhydrationandproducenewcompounds.

Calcium sulphate(anhydrite)isafterabsorbingwaterintoGypsum asshownbythe

equationbelow.

CaSO4+2H20 = CaSO4.2H2O

(anhydrite)+(water)(Gypsum)

3.Reduction.

Thisisachemicalweatheringprocessthatisacharacteristicofwaterlogged

swampysoilswheretheamountofoxygenionsisremovedandhydrogenions

added.Inthesewaterloggedareas,spacesinrocksarefilledwithstagnantwater

colouredferriccompounds(Fe2O3)arechemicallyreducedorgivenawaytoagrey,

blueappearanceofferrousoxide(FeO3)

Thatisareasonastowhyclaysoilsorswampysoilshaveagreycolour.Whenever

suchrocks(soils)areexposedtodryground,areddishcolourappearsatthesurface

simplybecausetheferrousoxide(FeO)hasbeenoxidizedtoform rust/ferricoxide

(Fe2O3)calledhematite.Reductionoccursinallswampyandwater-loggedarease.g.

atKajansi,Aswavalley,Tana,PanganiandAthiareas.

4.Hydrolysis.

Thisisachemicalprocessthatoccursinrocks,whichabsorbwater.Hydrolysisisa

reactionofhydrogenandsomemineralswithincertainrocks.Thisreaction
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underminesthestrengthoftherockandalsoturnsitintonewcompounds.Hydrosis

iscommoningraniterocksthatarerichinfieldspar,whichfeldsparisturnedinto

whitishclaycalledKaolinasshownbytheequationbelow.

K2.AI2O3.6SiO2+H2O=AL2O3.2SiO2.2H2O

(Feldspar)+(water)(Kaolin)

ThisclayoccursnearopeteinKilunguhillsofMachakosandKeratininKenya.The

kajasiclayinGulu,andinAmatafali(SouthofLiratown)areallproductsof

hydrolysis.

5.Solution.

Thisisaprocesswherecertainrockmineralsdissolveinwaterthusresultinginto

fundamentalchemicalchangesitiscommonamongrockswithsodium chloride,

calcium chloride,magnesium chloride,calcium sulphateandcommonsaltas

witnessedatLakeKatweinUgandaandLakeMagadiinKenya.

6.Carbonation.

Thisisaprocesswhichinvolvesthedecompositionofrocksbycarbonicespecially

oncarboniccarbonaterockssuchasLimestoneanddolomite.Carbonicacidisa

weakacidformedwhenrainwaterreactswithcarbondioxideintheatmosphere.

Carbonicacidchangescalcium carbonaterocksintobicarbonatewhichiseasily

removedinsolutionform byrunningwater.

CO2+H2O ̳ H2CO3

(carbondioxide)(water)(carbonicacid).

H2CO3+CaCO3 Ca(HCO3)2

(carbonicacid)(limestone) (calcium hydrogencarbonate)

Whencarbonationaffectstherocks,variouslandformsarecreated.Forinstance,

partoftherockisdissolvedinwatertoform grikesseparatedbysharpridgesof

resistantrocksknownasclints.Similarreactionsoccurundergroundtoform

stalactitesontheroofoftheundergroundcaveandstalagmitesonthefloorofthe
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caves.

Theyform whencalcium carbonaterocksaredissolvedandtransporteddownwards

insolutionform ascalcium bicarbonates.Whenthewaterevaporates,thelimestone

isleftasdepositoneithertheroofofthecaveorthefloor.Suchfeaturescanbe

seeninNyakasura,KiliffiontheKenyanCoast,KajansionEntebberoad.

7.Chelation.

Thisisachemicalweatheringprocessthatinvolvestheexchangeofminerals

betweentheplantsandtherocks.Theplantsextractmineralnutrientsfrom therock

causingachange.Theplantsontheotherhandreleasesomemineralsbackintothe

rockthatchangesthemineralstructureontherockhenceleadingtochemical

decomposition.Thisoccursduetothethickvegetationcover.

THEINTERDEPENDENCEOFPHYSICALANDCHEMICALWEATHERING.

Weatheringasearlierpointedoutcanbeeitherphysical,chemicalorbiological,

Biologicalweatheringhowever,iseitherphysicalorchemicalandhencecannotform

anindependentcategoryofitsown.Therefore,weremainwithtwomajortypesof

physicalandchemicalweathering.Forpurposesofclarity,thetwoprocesseswere

consideredinisolation,theyarenotalwaysexclusiveandaretherefore

interdependentbecauseonecanleadtoanotherasillustrated/describedbelow.

a)Thejoints,crackandweaknessesfoundinarockasaresultofphysical

weatheringallowdeeperpenetrationofwaterhenceprovidingafavourableground

forrockdecay(chemicalweathering).

b)Somerocksaredissolvedinwaterandweatheredawayinsolution.Thesolutions

formedmaylaterundergoprecipitationleadingtocrystalgrowth.Whencrystal

growthhappensinrockcavities,theywillexertalotofpressurethatwilldisintegrate

therocksphysically.Thisoccursinchlorides,carbonates,sulphatesetc.

c)Hydration(achemicalprocess)resultsintorocksabsorbingalotofwatere.g.

hematite,Limoniteandmontinorillonitewhichmakestheserocksparticlestopilloff

inaphysicalprocesscalledspheroidalweathering.

Spheroidalweathering:Thisprocessinvolvestheexpansionoftheoutershellofthe
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rockwhenthereiswaterpenetration.Thepenetrationofrainwaterforcestheouter

shelltopullsuccessivelyawayfrom therockandthisloosenstherockthus

contributingtoitsdecomposition

d)Thephysicalprocessoffrostshutteringopensupandcrashestherockandwhen

thesecracksareoccupiedbywaterchemicalweatheringtakesplacee.g.

carbonation.

e)Rootsofplantswhichexpandwithinbeddingplanesofrocksandburrowing

animalswhichdrillholesinrocksallallowwaterentryintotheserockswhich

accelerateschemicalweathering.

f)Chemicalweatheringweakensrocksmakingthem easilydisintegratebyphysical

weathering.

DIFFERENCESBETWEENPHYSICALWEATHERINGANDCHEMICALWEATHERING

Physicalweatheringisthedisintegrationorbreakdownofrocksintosmallerparticlesor

fragmentsinsituwhilechemicalweatheringisthedecompositionordecayorrottingof

rocksinsituatorneartheearth’ssurface.

Physicalweatheringoccursduetotemperaturefluctuations(temperaturechanges)like

alternateheatingandcoolingwhilechemicalweatheringoccursasaresultofheavyor

adequaterainfallandhighhumiditythatprovidewatertoactasamedium ofchemical

reactionsandthehottemperaturestoacceleratetherateofchemicalreactions.

Inphysicalweathering,thereisnochangeinthechemicalcompositionoftherockbut

insteadtherockisbrokendownintosmallerparticleswhileinchemicalweatheringthereis

achangeinthechemicalcompositionoftherocki.e.newcompoundsareformed.

Physicalweatheringoccursinform ofblockdisintegration,thermalexpansion,granular

disintegration,frostactionetc.whilechemicalweatheringoccursinform ofcarbonation,

solution,hydrolysis,hydrationetc.

LANDFORMSOFWEATHERING.

Weatheringlikeotherearthprocessesproducessomefeaturesontheearthsurface
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whichinclude;

1.Grikes;Thesearelandformsfoundinchemicallyweatheredlimestonerocks.

Chemicalweatheringespeciallycarbonationweathersdownthesurfaceofthese

rockstoproducedeepnarrowgrooveswhicharecalledgrikes.

2.Clints;Theseareformedtogetherwithgrikes.Asgrikesarebeingdugdeepinto

therock,someflatorroundtoppedridgesremainseparatingthetwoadjacentgrikes.

Theseridgesarecalledclints.ThesecanbeseenonwesternsideofTorororock,

KarasukaregionofKaramoja,TangaregioninTanzaniaandKilifiinKenya.

3.Stalactites.Thesearefeaturesfoundonkarstlandscape(limestone)region.They

appearaswhitishorgreyprotrusionsfoundontheroofofachemicallyweathered

limestonecave.Itsformedwhenrainwatercombineswithcarbondioxidegasinthe

atmospheretoform weaksolutionofcarbonacid.

Thecarbonaciddissolvesthelimestonerockonthecaveandthesolutionsstart

drippingontothefloor.Whenwaterevaporates,drippingstopsleavingbehind

protrusionsontopofthecave.Thesehardentoform stalactites.Examplesare

foundatNyakasurainUgandaandTangainTanzania.

4.Stalagmites;Theseareformedtogetherwithstalactitesinlimestoneregions.

Theyarewhitishorgreyprotrusionsonthebaseofacaveinlimestoneregions.They

areformedfrom accumulationofdrippingbicarbonate(dissolvedlimestone)after

theprocessofsolution.Whenwaterevaporatesfrom thelimestone,itleavesbehind

adryandcompactmassoflimestonewhichprotrudesupwardsforminga

stalagmite.ExamplesareseenatNyakasura.
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5.Pillars;Theseareverticlestandsofcalcium carbonatewhichform afterthe

accumulationofstalactiteandstalagmiteaccumulateandconverge/meettoform a

standpillar.ExamplesarefoundatNyakasuraandTanga.

IllustrationofStalagmites/pillars/stalactites.

6.Undergroundcaves;thesearenaturalundergroundchambersinthelimestone

rockusuallyjoinedtothelandsurfacebyasystem ofinterconnectingshaftand

galleries(pillars).Theyareformedduetosolutioneffectandmechanicalerosionby

undergroundstreamsandoccasionalrockcollapse.

Groundwatercirculatinginthezonebelowthewatertabledissolveslimestoneand

formscavitiesbyattackingjointsandbeddingplanes.Asthewatertablefalls,water

percolatingdownthroughtherockcontinuestheprocessofenlargingthecavities.

Finally,riverstakingundergroundcoursemayincreasethesizeofthecavitiesbythe

stream erosion.

7.Inselbergs;Thesearehillsformedbytheweatheringanderodingawayofthe

surfacerockleavingthehard-resistantgraniticrocks.Theyarethereforeremnantof
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olderhigherpeneplainswhichhavebeenremovedexceptfortheseislandhillsthat

haveprovedmoreresistancewithinthebasementcomplex.Theycanbeseenin

Mubende,KangoleinMoroto,NakasongolainUganda,semenearKisumu,Bismarck

rocknearMwanza-TanzaniaandKomanearNairobi.

8.Dryvalley;Riversflowingfrom non-limestoneregionsmayfinallyenterlimestone

rocks,whichareverypermeableandmaydisappearundergroundonlytoreappear

onthegroundagainattheendofthelimestonerocks.Withinthelimestone

permeablerockswheretheriverdisappears,remainsaformervalleywhereriver

disappeareddeepdownasadryvalley.

9.Exfoliationdomes;Thesearesmoothandroundedtoppedhillsfoundinaridand

semi-aridregionslikechalbidesertinKenya,nearOlduvaiGorgeinTanzania,Moroto

andKotidoinUganda.Theyareformedtoalternateexpansionandcontractionof

rocksunderdifferenttemperatureextremes.Duringdayit’stoohotsotherocks

expand,duringright,it’stoocold,therockcontractsconsiderably.Therocksonthe

outersidestartpeelingoffrockpiecesleavingbehindasmoothroundtoppedhill

calledanexfoliationdome.
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10.Tors.Thesearepillarsofroundedweatheredbouldersrootedinthebedrock.

Theyareformedrootedinthebedrock.Theyareformedwhenblockdisintegration

(physicalweathering)weathersawayjointedrockslikegranitesthusleavingbehind

resistantrockstructuresrootedintheearthastors.ExamplesoftorsareKitmikaye

nearSemeinKenya,KachumbalarockinKumi,BismarckrockinMwanza-Tanzania,

Mubendetoretc.

11.Corestones;Thesearegenerallybouldersandrocksleftbehindwhenweathered

materialthatsurroundedtheareremoved.Theyoftenappearisolatedwhenleftina

totallydifferentlandscape.Theyareoftenfoundneartorsandexamplescanbe

foundatMwanza,MubendeandNakasongola.

12.Dolines;Theseareshallowdepressionorhollowswithgentlyslopingsides

generallycircularorovalinshape.Theyoriginatefrom waterpercolating

undergroundattheintersectionofthemajorjoints.Thecarbonicacidformedby

carbonationslowlydissolvestherocktoform asmallbasinwhichislaterenlarged.

13.Sinkholes;Theseareovalshapedholesthatareformedwhenchemically

decomposedrocksatthesurfacesinkorcollapsecreatingasteepsideddepression

orbasin.Swallowholesmaybeenlargedintofunnelshapeddepressionscalled

dolinesandthesemayfurtherbeenlargedtogivefeaturesknownasuvalas.

Throughtheprocessofcarbonationorsolution,limestoneisdissolvedandremoved

insolutionfrom leavingbehinddeepholeswhichpenetrateintothecave.Theycan

alsoform duetosub-surfacecollapse.

14.Arenas;Thesearelargecirculationdepressiononearth’ssurface.Theydevelop
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inareaswithalternatingportionsofsoftandhardrocksorrockswithdifferent

mineralogicalcomposition.Forexample,rocksaltisweatheredbysolution;

Limestoneanddolomitearedecomposedbycarbonationandremovedleaving

behindacirculardepressioncalledanarena.Oncefilledwithwatertheyform ponds

examplesarefoundatNtungamoandMbarara.

NB:Equatorialregionsexperienceschemicalweatheringduetomostlyluxunant

climaticconditionsofhighrainfall(upto2000+mm)andhightemperaturesofupto

25°C.

InTropicalregionschemicalweatheringdominatesinrainyseasonsaswellas

physicalweatheringindryseasons.

Inaridandsemi-aridclimaticregionsduetohightemperaturesandlowrainfallin

absenceofvegetationcoverfavourphysicalweatheringasthemostdominanttype

ofweatheringhoweveroccasionalshowersandhighradiationalcoolingprovide

moisturetorocksindesertswhichmakethem undergochemicalweathering.

Inmontaneclimaticregionsespeciallyathigheraltitudeswheretemperaturefalls

below0°Candcharacterizedbyicesheetsfrostshutteringismostcommonand

pressurereleaseduetosteepslopesthusphysicalweatheringiscommoninhigher

altitudes.Whereasinlowerslopes,organicweatheringoccursduetopresenceof

forests.

IMPORTANCESOFWEATHERING.

•LandformssuchasGranitictors,stalactites,StalagmitesandcavesatMwanzaand
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NyakasurainTanzaniaandUgandarespectivelyaretourists‟attractionswhich

generatealotofforeignexchange.

•Weatheringisthefirstprocessofsoilformation.Itproducesdifferenttypesofsoils

suchaslateriteswhichareusedincivilengineering,clayorkaolineisalsoformed

whenfeldsparreactswithwaterunderthehydrolysisprocess.Suchclayisusedfor

houseconstruction,domesticwarelikecups,potsetc.atKajjansiinUganda.

•Weatheringhelpstoexposeminerals.BlockdisintegrationandGranular

disintegrationalongtheKimberlyrocksinMwadui-ShinyangaprovinceinTanzania

exposedtheexistenceofDiamondsinthevolcanicplug.Similarly,theTorororock

wasexposedinasimilarprocessandtodayisusedintheprocessingofcement

However,weatheringhasnegativeimportanceaswell.Theseare,

frostshatteringonsteepslopeslikemtRwenzoriandKilimanjaroisfollowedby

landslideswhichcausegreatdamagedownslope.

Thedisintegratedrockpiecesslideoffandmayfreelyfalldowndestroyingcropsand

animals.

Infertileandmoderatefertilesoilswhichdon’tsupportagriculturehavebeenformed

byweathering.SuchsoilsincludelateritesinBugandaandclaysinIgangaandBugiri

alongNaigombwaandMpologomawetlandswhichareusuallyacidic.

Weatheringhasleftbehindaraggedlandscapeinlimestoneregionscomposedof

clints,Grikesandarenas.Theselimitagriculturalpracticesaswellassettlementin

Tororo,TangaandNyakasura.Weatheringonsteepslopesencouragessoilerosion

thusaffectinglandproductivityinkigezihighlandsandtheslopesonmtKilimanjaro

inTanzania.

RevisionQuestions.

1.Examinetheweatheringprocessesthattakeplaceineitherthedesertorthe

humidareasofEastAfrica.

2.Usingdiagrams,illustrationsandexamplesfrom EastAfrica,writeshortnoteson

anyfiveofthefollowingprocesses



Weatheringnotes. ComposedbyTalisunaStephen.

Hiltonhighschool,Zaincampus.

•Exfoliation

•Hydration

•Laterization

•Frostthawing

•Blockdisintegration

•Carbonation.

3(a)Discusstheprocessesofchemicalweathering

b)Givingspecificexamples,explaintheeffectsofchemicalweatheringonthe

economicgeographyofeitherUgandaorKenya.

4.Towhatextentdoestherateandcharacterofweatheringdependonthenatureof

therock.5.Describethelandformsresultingfrom weatheringinEastAfrica.

6(a)Distinguishbetweenphysicalandchemicalweathering

b).Examinetheeffectsofweatheringprocessesonlandform formationinEast

Africa

c).AssesstheimportanceofweatheringinEastAfrica

7a)Whatischemicalweathering?

b)Describethelandformsresultingfrom chemicalweathering

8.AccountforthelandformsproducedbycarbonationprocessinEastAfrica.

9.Examinetheinfluenceofrockweatheringonlandform developmentinEastAfrica.

Samplequestionsapproach.

1.Towhatextentdoestheparentrockinfluencetherateandnatureof

weathering.

Defineweathering

Talkaboutthetypesofweatheringbriefly

Explaintheinfluenceoftheparentrockontherateandnatureofweathering
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Thensay,howeverit’snotonlytheparentrockwhichinfluencestherateand

natureofweatheringineastAfricabutthereareotherfactorswhichinclude

climate,livingorganism,relief,timeetc.

NOTE

Allfactorsidentifiedshouldbeexplainedwithrelevantexamples.

Giveyourpersonalstandorevaluation

2.‘Physicalweatheringisthemostdominantweatheringprocessinaridand

semi-aridareasofEastAfrica’’.Discuss

Approach

Defineweathering

Definephysicalweathering

GivetheareaspronetophysicalweatheringineastAfrica

Givethesemi-aridareasineastAfrica

Talkaboutthephysicalweatheringprocessesexcludingfreethawaction

However,whenitrains,chemicalweatheringmayalsooccur.

3.Examinetheweatheringprocessesthattakeplaceinthemountainousareas

ofEastAfrica.

Approach

Defineweathering

IdentifythemountainousareasineastAfrica

Givethetypesofweatheringoccurringonthedifferentsidesofthemountains

i.e.ontopwherewehavephysicalweatheringe.g.freezethawaction,and

otherprocessesofphysicalweatheringontheleewardside.

Onthewindwardside,wehavechemicalweathering
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END.


