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SUMMARY

The presentpaperanalysessornewetlandswithin the southernregion of the
Douro Basinemphasizingtheir aeolianorigin, basedon geomorphologicalmapping,
physical,chemicalandmineralogicalsoil analysesand sedimentarystudiesof the
soil parentmaterjais.To provethe aeolic origin of the surroundingforms of the
wetlands, also technicsof scanningelectronicalmicroscopyare used.From the
wholesetof technicsusedthedoubtlessacolianorigin of thementionedwetlandsis
evident,refusingother interpretationssuggestedfor them.
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RESUMEN

El presentetrabajoanalizaalgunos humedalesy más específicamentesu
origeneólico enel áreasurde la cuencadel Duero,basándoseen losestudiosde
cartografíageomorfológica,análisisfísico-químicosy mineralógicosde los sue-
losy análisissedimentariosdel materialen el queéstosse asientan.Parademos-
trar el origeneólico de las formascircundantesa loshumedalestambiénseuti-
lizan técnicasde microscopiaelectrónicade barrido. De la constelaciónde
técnicasempleadasse pone de manifiesto el indudableorigen eólico de los
mencionadosbumedales,por encimade otras intrepretacionesquesehansuge-
rido paraellos.

PALABRAS CLAVE: Humedales,origen eólico, microscopiaelectrónicade
barrido.
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RÉSUMÉ

Le travail presentfait l’analysedecertainesioneshumidesdela régionsuddu
Basindu Duero,remarquandleur originéolien,sur la basede la cartographiegéo-
morphologique,desanalysesphysiques,chimiqueset minéralogiquesdessoiset des
analysessedimentairesde laroche-mére.A fin d’assurerl’origin éoliendesformes
du reliefdesenvironsdesioneshumideson a utilicé desvechniquesdu microscope
electroniquede scanning.Aprés ¡‘utilisation des techniquesemployéesl’origin
éoliendeszoneshumidescitéesest évident,rejettantd’autresinterpretations.

MOTSCLÉS: Torreshumides,origin éolien,microscopeelectroniquedu scanning.

INTRODUCTION AND STATE OFIHE ART

A largenumberof wetlandsitesare associatedwith the Tertiaiy sedimentary
basinsof theIberian Peninsula.Thesehygrochores(SanzDonaire,1992) havebeeíi
known sinceihe beginningof this century(Dantin Cereceda,1929),but havebeen
restudiedin te last 20 years(Plans,1969;Montes& Martino, 1987).Exampleshave
also beensiudied from the Ebro Basin (Quirantes,l965;IbáflezMarcellán, ¡973,
1975), from te TagusBasin (Vaudour.1979;GonzálezBernáldezet al., ¡989),
GuadianaBasin (PeinadoMartín Montalvo, 1989, 1994; PérezGonzález, 1989a,
1988b, 1995; SanzDonaire, 1993, 1995, 1996, 1997; SanzDonaire & Sánchez
Pérezde Evora, 1993; SanzDonaire, Díaz Alvarez & SánchezPérezde Évora,
1994) and from the GuadalquivirBasin (GrandeCovian, 1982; SanzDonaire &
PérezGonzález,1991;PérezGonzález,GarcíaRodríguez& SanzDonaire,1992).

Many of the aboyeauthorsrelatethe origin and natural functioning of these
wetlands to an appropriatesourcematerial: karstified limestones,pseudokarstic
featuresdue to solution in gypsumand otbersalmerocksunderneathte surface.
remnantsof oíd oxbow lakesandabandonedfluvial channels,depressionscreatedat
the litl-iological contactbetweentwo different rocks,tectonicgrabendepressions,or
to clayey andsandysilts denudatedby piping.

A clirnatieorigin hasalso beensuggested:Saharansummerdrought;theconti-
nental characterof the inner part of the Meseta,surroundedby highlandswhich
inhibit the free entry of moistureby the wesrerlies;scarceannualrainfalí (less
than 600 mm); high seasonalpluvial regirne; high potential evapotranspiration
especiallyduring thesummer,controlling theshrinkageof waterbodiesdecay;and
te extremelylong periodof summersunshineloweringthe watertable.

The surfacehydroiogy,which dependson clirnatieconditions,butwhich is also
controlledby theelevationaboyesealevel, standsoutas anotherpossibleorigin of
pondsand depressions.Sornearcaswithin the innermostparts of Spainremain
endorheic,with no outlet to the sea.

The levelledor fiat topographyis a resultof thetectoniestability of theTertiary
sedimentarybasins.Horizontal, continentalsedimentsremain undisturbedand
explainingthe mesa-likelandforms,andvast fluvial plains.
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Until 1970,the level of groundwaterhadnotdroppedsincetherewassufficient
to rechargetbeaquhfersnaturally.Closenessof piezometrielevelsto surfacehasfaci-
litated ponds,takes,flood plains audnatural rneadowsLo continueLo existovera
longtime period. During te last20yearsoverexploitationof groundwaterhascau-
sedmany wetlandsto disappearor to changecompletelyLo other water regimes
understress.Sincegroundwaterinputsareno longeractive,te oniy wayin which
aquifershave beenrechargedhas beenthrough surfacerunoff, anáfloods, in a
semiandcountry, wheremostrivers ami tributarystreamsdo funetionaswatersink-
holes,feedingte generalwatertable.

Theunchanginglandusehas produceda progressivedesiccationof wetlands,
becausebygrochoreswerethoughtto be unhealthy,aL leastaccordingto te Natio-
nal WaterAct of 1870.Mostwetlandswerethusreducedin extension,changedby
channeling,andembankment.They weredrained,especiallyduring and afterte
¡ 940sin orderto eradicatemalaria.

In recentyears the dr>’ seasonsin te wetlandshave increaseddramatically:
hyperexplotationhas followed overexplotation,withSpanishaquifersbeeoming
aquivacna(emptyof water)! The best agricultural productionwas possib]eonly
throughgroundwaterdepletion,and rural incomesincreasedconsiderably.

It is Lhe aim of this paperto emphasizethe importanceof aeolianagentsin
building up hilly ridgeswhich delineatedepressionswherethe bestconditionsfor
the location and functioning of wetlandsare found.This is achievedthroughthe
studyof acolianlandformsand sedimentsassociatedto sornehygrochoreswithin
te High Morañaregionin the Spanishprovinceof Avila. Selectionof siteswas
madetaking into aceountdic sharpnessof acolianlandformsin tbis regionwbich
representa largenortbemfringe on te contactbetweenancientcrystailinebase-
ment rocks of dic SpanishSistemaCentral andsedimentarybasinof the Douro
river, whereover40 riverine,palustrineand lacustrinewetlandcomplexesmay be
found.

THE GEOGRAPHICALCONTEXT

North of thecrystallineandmetamorphicbasementrocksof te SpanishSiste-
maCentral(whichrisesto 2592m aboyesealevel)te depressionof te Arevalillo-
EspinarejoRivers, lieswithin the sedimentarybasin— locally a tecboniegraben—
of the main Douro River (Figí). Many rivers, sucbaste Adaja, flow nortbwards
intotbe Dourofollowing deepfaults alignmentswhich affectthe whole areaof Ter-
tiary sediments.Somevery oid fanglomeratiefluvial sediments,called «rañas»,
accompan>’te south-to-northorientation of the rivers. Thesc«rañas»are rem-
nanúsof Plio-Pleistocenealluvial fanswhicb developedduringte final stageof te
filling up in the Dourobasin.

At the point of contactbetweenTertiary arkosieand sandysedimentsand
the Hercynianbasement,the subsequentdepressiondelineatesa ENE-WSW
bandparallel to te fault scarp.This deprcssionis called locatly te Moraña
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Vg. 1.

regionand was built up mainly by fluvial agentsduring the ancientandmid-
Quabernar>’times. It is on a quite fiat, slightly north-eastwardtilted plain cros-
sedby bbc braidedcourseof Lhe Arevalillo river. Sorneoíd channeisconnect
thosemeadowssibuabedclosestLo river sysbems.Since 1957 man-madecanali-
zabionof bbc Arevalillo and tributarieshas reorganizedbbc whole drainage
system,soLhat alluvial plainsare no longer linked to strcams.Thc channelhas
beenditchedconstantlyand usedasa non-stopsandpib becauseof its natural
tendene>’to refilí.

GEOMORPHOLOGICSCHEMATIC MAP

As shownin fig. 2 and3, gcomorphicfeaburesof bbc surroundingsof the villa-
ge of Papatrigoare summarizedas follows:

W B¡otic and nloscovitic granitoida (Horcynian} W Fluvial doposlis <Ouatornary>

~ Cneissos, rnicascliists and chales Hercynian> ~ OPtar Quatcrncry doposits

Sandstones, conglonierates Eoceno) Ej Schictcandcholos lLower Paleozoir)

Z Arkocos,clays<Mioceno) Ouartzitec<Lower Paleozoin>

oRanas (Pliocene>
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N S

[9 Aeolian sands .a..~ Real hygrochores

~ Oid terraces: fluvial sands ~‘ Dreikanter, ventifacts

Efl Miocenio arkoses Clay eluviation
~ Miocenie clayey lenses Man-made

Fig. 3.

) Southto northfiowing Adajariver, which is responsiblefor the accumula-
tion of graveland sanddepositsin, at leasL, 7 terraces.Oní>’ 4 levelshave
beenmappedin this figure, but two levelslic undcrneatbandone level abo-
ve the highestrecognizedin this rnap. Terracesshow a soil catenarising
from alluvial soils in te first terracetbrough brown soils towardoíd lea-
chedbrown soils in the upperrnostterrace.Sornepebblesanácobblessuf-
feredbrownishweatheringduricrustsin tbe olderLerraces,andevenferru-
ginization of raña-like sediments.

u) Themain fluvial plain hasleft blank sands,alLhoughsornesoil texturedif-
ferenéescould a¡ipear At certáin sitesnattictlike liorizons nia5’ befóund,
wcll correlatedto shallow wetlands.Depositionof smectite-richscdimcnts
at the cdgesof Miocenealluvial fanshascausednatriehorizonsto develop.
Ncverthelcss,mostof the alluvial plain is sandy.

iii) At thehill>’ marginsof fluvial plain , sornercmnantsof sandyfiat terraces
canbefound,showinggravelí>’ brown soils.Many pebblesandcobblesare
ventifacts,typical drei/cantersandzweikanterswiLh acoliansmoothedsur-
faceLexture.

iv) Coversandsandparabolicdunesare spreadover the flood-plain.Typical
crestson parabolicdunesare locateddirectí>’ nearthe front of advancing
sand.The slip faceis leeside.Re heightof dunesneverrisesmoreLhan 10
m aboyete generaltopographiclevel. PinesforesLs(Pinaspinaster,Pinus
pinea) grow on sanddunes,although some vineyardsalso prefer these
warm sandysoits ratberthan cold clayey alluvial natriehorizons.The
dunescoverusuallythe fiat topof the third Adajariver terraceandte allu-
vial fiood plain of Papatrigo-Cabizuela.No dunesare found on younger
terraces,so that sanddeflation seemsoíd. Thc incipient developmentof
soils in sanddunesemphasizcsthis supposition.

y) The Adaja river and iLs tributary,Arevalillo, havedissecLedadeeptrench
with only 2 narrow Lerracesalong thc stream.DissecLionis consideredto
be recentQuaternary.If deflation would havebeenactive during this
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periodof time, a fluvial Lrench would haveactedas an aeoliansediment
naLural trap.

WETLAND TYPESAND CHARACTERISTICS

Hygrochoresin the Moraña Regioncan be classified(SanzDonaire & Díaz
Alvarez, 1992)into threegroups(Fig. 2 and3):

1) Broadfiat meadowssurroundedby rushes,which are irrigaLedto enhance
grassproducLion. Thesc meadowswere locatedunLil 1957 at the river
sidesand floodednaturally. Since 1957 irrigation is necessaryto provide
water supply, becauseof the man-madeembankmenLsalong the river.
Their typical shapeis irregular but with a lineal trend. Locally thcy are
called«prados»(nieadows)or «vegas»(alluvial plains).(number¡ in fig. 2)

II) Shallowdepressionsor bolesthat trend to maintain a water body after
heavyrainfail. Although they havebeentoid to befed by salmeor brackish
groundwater (Rey Benayas,1991),our opinion is to consideronly rainfalí
asdic mainwater input toda>’. Maybe,in dic past.whenwaterlevel wasnot
decpenoughbecauseno heavygroundwaterexploitationhad takenplace,
someof thosebolesor pondscouldhaveliad water incomesfrom below.
High alkalinity maybe due to vadosewater flow in the soil, andto tbe pre-
senceof carbonatesin dry seasonallands.-Generalflatnessinbibits lateral
ion migration, so that salts remain in watcr and soil. The shapeof these
wetlandsis irregular,amoeboidalwith a circular or elliptical trcnd. Names
likc «salobrales»,«salmueras>~,~<salgfleros»,«bohodones»,etc. are locally
usedaudemphasizesaltcontent.So doesbalophytic vegetationas Pucine-
(tic> Jestuerfornus, Plantago maritima andrarely Camphorosmamonspe-
Ilicwa which alsobavexeric cbaracter.(number2 in fig. 2)

III) Interdunaldepressionswliich are almostneverfilled with water,but where
theunderlyingground is lessburiedby cover sandsor blown dunes.Tbis
Iast type mainlyoccupiestheeastern-mostareamapped,wherethe dissec-
ting Adajariver drainsalí interstitial water in te soil andgroundwater,fo-
wing about25 m deepertan te third nr fourth terracesupor whichdunes
weredeposited.(numbcr3 ir fig. 2).

Sucb depressionsbave a curvedshape,fitLing parabolicdunes.When thcse
depressionswith no nuLleL are excavaLeduntil generalterraceground,soil moisture
is enoughto allow Seirpus holoschoenusspeciesto grow, independentlyfrom
watertable.If not, no vegetationis found.

Thegeneralvegetationlandscapcon sandyandarkosicsojís is basedon pines,
Pinaspinea, Pinus pinaster and grasses,Corvnephoruscanescensand typical
mediLerraneanplants:Retamashaerocarpa,Adenocarpushispanicus,Lavandula
siocehas,Tkvmusmastichina,etc.
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WATER ANALYSIS RESULTSAND COMMENTS

Re water from the Lagunadel Hoyo was onceanalysed(samplestaken in
April), becauseonly after beavyequinocLialrainfalí this pond becamefilled witb
water. Becauseof sLrong winds, the waterbodywasreducedLo a 20-30cm shallow
sbeeLa week after rainfalí ceased.The Lagunadel Hoyo represcntsa «salobral»
type of wetlandovera veryfine sandandclayey groundwherewaterhasdifficulty
to seep.It is locatedaL 40053’ 35” N, 4049’ 10” W (EuropeanDatum),885 m high.

Hereare Lhe resultsof wateranalysislisted:

Tabla ¡

Alkalinity 780ppm (as CaCO3) Heavy metais

Salinity ¡40 ppm(as Cl.) pH 8.5

1. unitsCombinedChlorine 0.32 ppm Turbidity 170V.

Nitrates — DissolvedCO, —

Nitrites Dissolved02 0.5 ppm (= 4 %)

0.53 ppm

-

NR3Nitrogen 3.1 ppm Fluoride

Iron 5.6ppm Silica 2.95 ppm

44 ppm (as CaCO~)

28 ppm

16 ppn?

PotassiumK~ 18.3 ppm Total Hardness

Phosphatcs 0.15ppm CalciumHardness

Sulfides 0.12 ppm MagnesiumHarness

~e~oxSulfates %T~§ sí rnV~

The oxygencontentin the bottom sedimentof theLagunawas0.4 pprn (= 3%
to saturaLion);redoxvalue—177 mV, andpH of saturatedpastemadewith salme
crustover the banksof Laguna,9.8 (9.4in a 30cmdeepsoil sample).

Re eutrophicationproccssis bestsbownby the appcaranceof vastquantities
of algae,which wereevenon LLe top of te bitter salmecrustat the bankof the
pond.

Processesin water.sedimcntandsoil aroundthe Lagunagive severereducing
conditions.Denitrification shouldhavefinished as alí nitrogen presentis doc to
ammonia,in a largevalue. The sulfate reductionis being carriedout, even in a
watersbedwherever>’ smallquantiLiesof sulphurare available.Winds shouldbe
responsiblefor the absenceof dissolvcdCO,. RespiraLionof microorganismshad
alreadyconsumedalí free oxygcnavailableat te initial stagesof wateraccumula-
tion (Drever, 1988). Redoxvalue correlateswitb otherchemical parameters.pH
valuesin soil andwaterare analogousto high alkalinity and total hardness.Shallow
wateractuallydissolvesprcviouscrustandwhenfurtherrainfalí comesin, dilution

72
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is possible.Alkalinity owesits high level to dic presenceof carbonates,bicarbona-
tes and/orhydroxidcs.Thevaluesof pH andhardnesssuggestcalciumbicarbonate
or sodiumcarbonate.LesschioridecontenLshouldbe noticed,so that saliniLy due Lo
sodiumchioride —which is neutral— cannotbe taken into account.AfLer Lhis
analysis,soils approachsolonetzprocessesraLlier thansolonchaks.In mostof Lhe
profiles, an albic leachedE surfacehorizonoverliesanargillie (natricT) horizonsho-
wing columnarstructure.

SEDIMENTSAMPLES STUDY

In orderto closercharacLerizethe formerly describedlandforms(Fig. 2), sites
wereselectedaudsamplescollectedat:

a) Alluvial fan deposit,Miocenein age, usedas a referenceandsourcerock
(parentmaterial)

b) Sandyriver Lerracesediment,laid downby tbeArevalillo river.
e) PresentsandyebannelsedimcntLransporLedby fluvial agent(Arevalillo

river).
d) BoLtom sedimentof the Lagunadel Hoyo weLland.
e) Surfacesampleof a paraboliedunecoveredby pines.

fl Subsui-facesampleof the sameparabolicdune.
g) Deepsandof te sameparabolicdune.
h, 1) Subsurfacedepositsof cover sandsaL tbe Montalvowoodland.

Detaileddescriptionof sample siLes offer further informaLion on Lransport
agent,wayof deposiLion,sourceareaanddiagenesis.

a) Locatedat 4Q047’ 48” N, 40 51’ 20” W (EuropeanDaLum), on te roadfrom
Avila Lo Salamanca.km 136.300,artificial outcropof about3 m, whereRecent
TerLiary horizonLal layersof sand,arkose,gravelsandbouldersunderliea brown
carbonaterich earLh.Soil showsa typical Ah-Bw-Cckprofde;carbonatesarefilling
vcins, crossinginto a fulí grid. GraniLic bouldersover 40 cm in diameterbave
complctelybecomea saprolitebecauseof its «in situ» weathering.

Sedimentstructureis clearly of a palaeochanneland different «cuL and fill»
scoursmay be recognized.Thereis no doubtaboutits fluvial origin.

b) Locatedat 400 52’ 40” N, 4~53’ 38” W, 935 m high,WNW of Narrosde Sal-
dueña,on ihe path from this village Lo ColladoContreras.Outcropshows a 1.7 m
deepsandy-arkosicbody, with sornefine layersof pebblesandcobbles(centil=41 cm).
15 fine horizontallarninaeof an averagethicknessof 11 cm arepresenthaving normal
grading.Eachsheetfinishesupwardsin aclayey,iron rich level. Accordingto Miall’s
faciescode,Jithofaciesare SrandSfr witb ripples andpartinglineation.It is a fluvial
sandtransportedanddepositedby te Merderoor Arevalillo river in a bank-like
terrace,20 m overpresentriver level, with moderatel>’pedogenicdevelopment.
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c) Located4Q0 53’ 17” N, 4o48~ 19” W, 878 m, on the roadfrom Papatrigoto
Cahizuelawherete bridgecrossesfluvial stream.Sandbottomof te ehannelof te
Arevalillo river, 1.5 1cm downstreamfrom theendof canalization.Fluvial sanddune.

d) Located400 53~ 35” N, 4049’ 14” W, 880 m high. SainplewasLakenfrom
theinnercoreof a pedologicalaugerreaching55 cm depth.Although samplewas
mixednp in orderto get anaveragevalueof theLagunadel Hoyo weLlandbottom
sediment,it was possiblcto recognizea repeatedsequenceof: i) whitish coarse
sands,presumabí>’comingfrom the outwashof aeoliandunes;u) mottledgrayfine
saud;iii) organiematterrich layerlike 1; iv) bedlike Ii.

e,f, g) Located40053’ 22” N, 4o48’ 53” W, 885 m. Windward sideof apara-
bolle sandduneof El Reganal.Soil descriptionof samplesite showsexactposition
in te profile:

0-17 cm: A horizon;sandytexture,many pine rooLs,little organiemattercon-
tent, 10 YR 6/3 Munselí wetcolour, 7.5 VR 8/1 dry colour, with no aggregates,
apedalstructure,singlegrainedprimar>’ particles,non cohesive,bosestrength,
uncementedhorizon.Clearboundaryto nexthorizon.e sample.

18-28cm: Bt horizon;elay loam, 5 VR 4/6 wet eolour,moderatelydeveloped
peds,moderatclysticky, moderatclyfirm to strcngLh,uneementedhorizon. Diffuse
boundaryto nexthorizon.fsample.

29-58cm: £ horizon,‘7.5 VR 5/8 wet colonredsandyloam,less rooLs buL wxLh
eluviation clay from aboye,cnteringroot paths,weakly developedpeds,slightly
sticky, weakstrcngth,uncementedhorizon.g sample.

It i) Located400 53’ 00” N, 40 47’ 07” W, artificial 4 m deepoutcrop in a
trenchcavedto takesandto addto sticky bottomsof nearbyLagunas. Millimetrie
to centimetriethiek bedssometimesof coarseandfine, darkandlight sands.Many
feldsparcristaisvisible. Bedsdip under10~ to te WSW, inversegradingand car-
bonaLicnodulesandmoLtling at 2 m depth.Homometriefine sandbedsriseup from
Lhe generalbackground.

This Montalvo pine woodlandshows soil profiles similar to e,f,g, samples,
with A-BL-C horizons.Bt horizonheremay reach30 cm Lhicknessandshows
prismaLie structure.h andi sampleswere takcnfrom differcnt bedswiLhin the
sandbody.

Main availabledaLa from samplesarelistedbclow iii Lable 2.

SAND GRAINS MINERALOGY

HEAvY MINERAL5:

AH studiedsamplesarecharacterizedby this main mineralassociation:bioLite
(with zircon inclusions)—zircon-Lourmaline—epidote-zoisiteand sillimanite.
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Tabla2

5 Gr £5. F.S. Si Cl C.C E.U
/IS

a 7.9 42.3 34.7 13.7 9.3 3.56 95.7

b 21.4 57.8 26.2 7.8 8.2 2.03 47.0

c 7.6 89.6 4.8 0.5 5.1 1.12 58.3

d 13.7 28.7 17.5 40.1 11.17 85.8

e 18.2 31.3 53.9 4.5 10.3 1.52 45.9

f — 25.5 45.2 1.8 27.5 0.84 45.9

g — 18.2 53.1 6.2 22.5 1.48 44.7

h — 10.8 69.9 3.5 15.8 1.52 48.2

— 7.3 75.7 5.8 111.2 3.39 105.8

5 = saniple;Gr = gravel;C.S. = coarsesand;F.S.= fine sand;Si = silt; CI = clay; C.C.= calcium
carbonate;E.C. = electricaleonductivity.Comisesandis fractionover 0.5 mm; finesandunder0.5
mm; gravelis referedto 100 % total sample(= sand,silt andclay).

5 Md
rnrn

Mo
rnrnl%

So So(~) S~(~b) ~~<~‘)

a 0.65 0.63/12.1 2.12 1.56 0.29 0.92

b 1.22 2/23.59 1.69 1.06 0.33 0.93

e 1.14 1/23.0 1.35 0.64 0.13 0.99

d 0.24 0.32/10.3

0.08/12.4

2.08 1.31 —0.05 0.76

e 0.52 0.63/13.4

0.40/12.8

1.75 1.28 0.07 1.04

f 0.35 0.43/13.7

0.32/13.7

1.75 1.11 0.03 0.93

g 0.32 0.32/15.9

0.16/13.3

1.66 1.08 0.03 0.99

h 0.27 0.32/13.3

0.16/16.3

1.62 1.01 0.00 0.96

0.29 0.32/18.3

0.16/16.2

1.52 0.82 0.16 0.91
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Lessabundantare garnets,andalusite,cyanite,staurolite,homblende,transparcnt
tiLamum minerals,ilmenite, leucoxeneand iron oxides. So, sedimentsbelongto a
mmneralogicalprovinceof oíd igncousrocks(with someslight influenceof mcta-
morphicrocks).

Samplesdo not show big differencesin mineral composiLion, but samplea
standsout becauseof the abundanceof meLamorphicminerais(cyaniteandstauro-
lite)and well conservedcrystals (e. g. bipyramidal zircons).Samplesfrom the
Lagunadel Hoyo pondandaffectedby acolianactionhaveless unstableminerais,
like bornblende,causedby intensiveweatheringanddiagenesis.

LIGHT MINERALS:

QuarLz is dominantin light fraction, followedby potassicandcalcosodicfelds-
parsaudbiotites.Muscoviteis rarelyfound.Main differencesappearamongsam-
píes in relation to occurrencepercentageof every mineralandconservationstage.
Samplea hasthe highestquantity of feldspars(but alwaysmorethan 50 %); abun-
dantbiotite, and inuscoviteis present.Grainsare irregular,angularandshow low
sphericity.Roundncss,sphericityandpitted surfacetextureincreasein grainstrans-
portedby colian action.QuarLz is not so abundantand biotite is usually slightly
wcatliered.Samplesb (terrace)andc (prescntchannel)offer intermediatecharac-
Leristics.

It canbe concludedthat samplea —ncarcstto sourcematerial—is bestcon-
servedandshowslowestquartz¡ feldsparrate.On the contrar>’,grainstransported
by rivers and wind show higherquartz1 fcldsparrate. The acolianagcntcan be
recognizedfrom the duIl surfacetexture.

SCANNING ELECTRON MICROSCOPEQUARTZ GRAINS SURFACE
TEXTURE

QuarLzgrainssurfacetextureresultsafter scanningmicroscopeview arecom-
mentedbelow, accordingto thc nomenclatureby Kringsley & Doornkamp(1973)
andLe Ribault (1979).

Samplea: angularandsubangulargrainswith crystalbuilt hexagonalor sub-
hexagonalplates(plate 1). On conchoidalfracturespitted surface(plate2) showing
trianglesof pedogenicorigin. Many V-notchescausedby impactsof othergrains
during Lransport.Fluvial origin alteredafterwardsby edaphicinfluence.

Sampleb: subangulargrainsshowingplanefaceson which crystalshavegrown
up; many fresh fracLures,plasteringandmechanicalV-shapedfeaturesandcres-
centicsmarks (plate3); less pitted surface,but in gcometricbolescrystalshaveneo-
formed.Fluvial history witb further«in situ» weathering.

Samplee: angularandsubangularhabitgrainsmadeby mechanicalcontaetbet-
weensaltationload andbottomload andsurface.Man>’ impact lunatedgroovesand
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alignal V-markscausedby watertransponedtools (pIntes4 and 5 ); sornesurface
areaswerepittedshowingorangeskin-like appearence,sorneoLhersarecoveredby
newformedsilica crystalsressemblinggravestones.Fluvial origin with chemical
weatheringatLackaudrecrystalization.

Sample¿1: subronudedgrains(plate6), with smoothedtexLurecoveredby idi-
nite numberof calcium-richminerais(plate7). Planefacesby condhoidalfracLuring;
mechanicalholesandgeomeLriccavesof pedogenicongíncoaLedwiLh microcrys-
tais. Aeolic origin havingsulferedintensivediageneticprocesses.

Samplese, 1andg: subrounded(pIaLe 8) crushed,fracturedgrainson whose
angularcavitiesiron-rich«roses»may grow (piaLes9 and10). Underneathsamples
exhibit chemicaltrianglesproducedduringlong-temipedogenesis.

Samplesit and1: bestrounded,smoothedoutline(pInte 11), with dish-shaped
concaviLiesare Lypical of aeoliantransponedgrains.Wherecarbonatesrise to
dominatesoil profile, piLted,cLehedsurfacescxist. NearLo Lhe ground surface,
grains exhibit mechanical,conchoidalbreakagepaLtern. In deepsamplessilica
precipitationcoatingcan be seen(plate 12). Sandgrainswerepolishedby wind
actionbut diagenetieprocessesassistedto increasea roundedouLline.

DESCRIPTIONOFCUMULATIVE CURVESAND FREQUENCY
DISTRIBUTION

Pora bctterunderstandingof sedimentationenvironrnent,grain frcquencydis-
Lribution andcumulativecurvesof aH sampleshavebeendrawn (Folk, 1966;Peti-
john eL al. 1972).

Samplea showsa poorselection,sothat alí grainsizeshavealmostthe samefre-
quency.Cumulativecurve becomesa straight¡inc exhibiting relictiesandof alluvial
fan origin. Sampleh plots a parabolieor «inversej» curvebecauseof coarsergrain
sizebraking. Sizesover0.62 mmllavebeenforcedto accumulatethoughthe transpod
of fine grainsconLinueddownstream.This behaviourstandsout in fluvial deposits
wherebraidedchanneiserodesandylayersandspasmodicflow takesplace.Samplec
from theriver Arevaliflo is quitesimilerlo alrendycomrnentedsampleit, asthesarne
fluvial processesareresponsiblefor it. Neverthelessdic besíselecLionis preseníin Ihis
fluvial dunesamplewherecumulativecurve risesin grain sizesaround1 mm.

Although aL a first sight sample d from the LagunabotLom shows a lineal
treud,detailedstudyingdiscoverstwo addedsigmoidalcurves(over0.2 ami under
0.2 mm).The clearbimodalnatureof Lhis sampleresultsfrom two populationsmix-
ture.The first oneover0.2 mm shouldcorrespondLo fluvial sandydeposiLsbuL the
secondoneunderthe 0.2 mm thresholdshouldhavebeen1am by acolianaction.
Waterbody in the Lagunadel Hoyo has caughtnol only sedimeníscrepífrom
nearbydunesbutalso blown outfine sands.

Paraboiicdune(labellede, fandg ) andcover sandssamples(h and1) sbow Ihe
samesigmoidalcurvetreod, afthoughsornevariability maybe presenr.Following
the alphabeticalorder wind seleetionincreases.AlI curvesexhibiL a decreaseof
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sedimentin fracLion 0.25-0.20mmdiameLer,whichdividessampleinLo two diffe-
renL transportmodes:saltationandsuspension.

Tbesimi¡aritybetweencurvesis so big thatmeasuremenLhasbeentemptedcal-
culating correlationcoefficentof pairedvalues (% valuesfor eachsieve).The
comparisonmatrix offersthe following rcsults:

Comparisonsare basedon 17 datapairs.Sampled shows a Lwo populaLions
mixture, althoughcorrelaLion coefflcenL in relaLion to sampleg is only 0.60. It
risesto 0.995(98.9%)if only the firsL 8 valuespairsareLakeninto account.This
clearly demonstraLestotal similantybetweencoarserpopulations.Tbe sameargu-
menL canbe usedin correlationsbeLweensampled ande: coarsesandcorrelation
becomes0.76 (insLcadof 0.18) if calculatedfor Lbe firsL 12 datapairs.
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Tabla3
CORRELATIONCOEFFICENTMATRIX

SIMILITARY PERCENTAGEMATRIX

a

b 42.9 b

c 68.2 46.3 c

d 3.2 33.6 26.8 d

e 57.8 9.0 14.8 3.1 e

f 2.8 9.5 6.6 35.6 53.2 f

g 0.0 13.7 12.8 36.1 34.7 93.8 g

h 2.0 22.1 23.5 42.3 17.6 81.8 91.8 h

2.0 16.0 24.2 33.4 23.5 86.6 93.1 91.0

DifferencesbeLweene,fandg are causedby luviaLion of cIa>’, silt andfine sand
particles:so, the tausfor fractionsunder0.25 mm show similar distribuLion and
correlationcoefficientrisesto 0.992(98.4%).As iL has beenaIread>’commented,
samplesg, it and ¡ areclosertogetherdespitegeographicalspread,denotinganaco-
lic environmentfor Lheir generation.

According to the correlation matrix, samplea, from the oíd alluvial fan, is
similar to b and speciallye. Thismakesa commonfluvial origin patent,buí points
out how different sedimenLationconditionswere during Quatemar>’Limes from
Tertiary andprescntspasmodicflow. TerracesshouldLavebeendepositedby ordi-
nary floods differing from presenLflow. Samplea shows no similarity to aeolian
sediments.Thecoincidencebetwecna andemay berathcrbecauseof fine particles
eluviation than causedby original deposition.

a

b 0.65 b

c 0.83 0.68 e

d —0.18 —0.58 —0.52 d

e 0.76 0.30 0.38 0.18 e

f 0.16 —0.31 —0.25 0.59 0.73 f

g 0.00 —0.37 —0.36 0.60 0.59 0.97 g

h —0.14 —0.47 —0.48 0.65 0.42 0.90 0.96 h

—0.14 —0.40 —0.49 0.58 0.48 0.93 0.96 0.95
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CUMULATIVE CURVES ON PROBABILITY PAPER

Trying to increaseaceuracyof sedimenLaLionprocesseswhich formed the
analysedsamples,anothergraphierepresenLationhasbeendrawnon probability
paper(SIiNDOWSKI,1957,VISHER, 1969).Samplea is a relictic sandbecause
its FO Lrend. Samplesb aude show a MG-I<IX paLternwhich isjusL one parLof a
moregeneralKV- MG-KX curveof fluvial origin, wiLh sornechangesin coarser
grains. d sample from the Lagunabottom ressemblesa KX-KV-KX curve
which is toid to be typical for Watenmeer-sands,butis found in the hole where
two differenLsedimenLorigin accumulaLionLakesplace:WatLenmeer-sandsalso
consístof coarsemarinesplashandfine fluvial populations.Samplesfrom e Lo
cxhibit abouL the sametrend,emphasizingacolianLransporLon an olderfluvial
sand.

GRAIN SIZE PARAMETERSAND INDEXES

It is comnionly assumedthat circa 90% of thc mediansof wind transported
sands lic between0.15 and0.25 mm diameter.Sampled perfectly fits mío this
gronp, and g, it ami i are ver>’ cioseto it. In te luviated sanddime, decreaseof
mediancould be explainedby te grainselectionof waterseepingdown theprofi-
le. High medianvaluesof fluvial-laid depositsshow the biggerLractive force of
waterin relationLo wind. NeverLheless,inheritanceis presentandaeolizatíonLakes
placeon olderfluvial sediments.

Bimodality is alwayspresentin acolianblown sandsas far as original fluvial
sedimentshavebeenreworked.Alí Lypical fluvial depositsexhibit only one,and
usuallyveryhigh, modal value(HuggeLt,1989).

Sorting values accordingto Trask (1932) calculatedfor acoliansediments
shouldbe groupedundervery well sortedsampleswith figures underneath1.25.
Duneandcover sandscomeclose lo it, but te bcst selectionis madeby cnrrent
water generatingfluvial dunes(samplee). Poorselectionis found in samplesof
alluvial fan and pond sandswhere alí available sizeswere caught. Somecom-
mentscanbe pointedoutfor resultsof calculatedsorLing index.

Skewnessof grainsizedisLribution curvesgivesnseLo an individual charac-
terizationof sampled. te only negativeone.Laguna dcl Hoyo hasfunetionedas
a sedimenttrap catchingalí fine sandsthai were furLhcr mixed to creepingcoar-
se dunal sandsfrom nearb>’ outcrops.On te contrar>’, fluvial sandstrend Lo
clear positive skeewnesscausedby coarsesand movement.Wind duneshave
inLermediatevalues.

GraphicKurLosismakeslittle differencebetweensurfacesample(e) from dune,
slightly leptokurtic,anáihe plaLikurLic restcurves.Bimodal sampled is «laminated»
into an actualplaty curve.Onceagain,it is causedby the inLerferenceof two popu-
lations.
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LANDSCAPE EVOLUTION AND FORECAST

The DouroBasinis filled up by meansof man>’, largealluvial fans, in a thick-
nessof over400 in, eonsistingin arkosesandevenconglomeraíesnearLo Ihefanil
Une of the graben.Thesecoarsesedimentswhicb are presenLaL San Pedrodel
Arroyo (samplea), show big graniLie andgneissicrottedbloeks submergedin a
fine, sandypaste.Final stageof Ihis filling of Ihe DouroBasinis well represented
by polymicLic conglomeratesof quaríziticpebbles,cobblesandgranulessurrounded
by a sandy-clayey rcddishmatrix, of which it hasbeenLoid Lo be similarLo other
«raña»sedimenLs.Theserañaremnantsare sLrictly, geographical]ycorrelatedto
palcozoicouLcrops,as shownin figure 2: W of theAlmar riverandAdaja-Volto-
ya interfluve.
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Thc Quaternar>’geomorphologyis bound to fluvial terracesseparatingthe
catchmentarcasof ihe river AdajaandArevalillo-Berlanas.ThesesteppedLerra-
ces descendtowardsthe Adajapresentchannel,the main, mosLcompetentriver,
springingat heigbtsover2.200 m. NorLh of dic Merdero-Barzonessircain sorne
alluvial sanddepositsbenchescanbe found denotinga long Quaternary,braided
channelshisbory, whenremovingTertiary alluvial fan availablesedimentsin their
catchmentsurface.

Finalí>’ a vast flood plain was builL up, where mosí of presentand ancient
villageswere locatedeventemptingquite probablefloodingrisk. Catastrophicfo-
od inhibition wassucceededwhendic Arevalillo river wasoncecanalisedin ¡957.
Las Berlanashamletwasdestroyedduringdic stormon theAugust,29th 1959.So
mosíof (he villages were locatedon little heightslocaíly called «cabezos»(e.g.
Cabizuela,Cabezasde Alambre).

The Arevalillo River is not almosí able Lo dissect (he vast flood plain, buL
whenoneapproachestheAdajamain river from Cabizuclato PedroRodríguez.The
different geomorphicbehavioursof (heArevalillo and (heAdajacatcbmentscanbe
explainedby snow fecdingincomeof dic Adajanivo-pluvial regimein contrastto
the rainfalí input in Mediterraneanpluvial regimeof the Arevalillo, asihereare no
contrasisin ¡itho¡ogy.

During LateQuatemarytimeswhenfrosLwasnormalin (he mountainsandlii-
tic cirqueglaciersdevelopedin sornepreexistingampliiLheatres,grasslandshould
havecoveredLhis regionallowing thewind to blow out sandyfluvial depositsandto
build up parabolicdunes.Although theseduneshavebeenbid Lo be relatedto a
sparseor densevegetationcover,it is our opinion thai moisturefrom the undeme-
athflood plain hasrestrictedwind transportedsandLo move.Soil moisturedepends
noí only on water available but also on convenientfine sedimenis(clay lenses
within ihe alluvial fan deposits).The higherthe sandbody, te lessdependcnton
soil moisture,as capillar>’ water cannot ascendLhrough (he largesandpores.So,
hugemoundsmight bemoved forwardwhilst low accumulationsremainstaiionary.
As a result,parabolicsandduneswereshaped.Time run from (his momeníLo pre-
scnt allowedleachedsoiís to develop.Thecausefor ñ shouldbe preferentlyfound
in sand deposits,rather than in time Iap. Cover sands,on the otherhand,wcrc
pardyfloodedso (batcarbonationprocessesconídtakeplace.

Flooding,lo sorneextení,hasbeendic mainprocessaffectingLhis plain, sothai
ver>’ reccnt alluvial soils were spreadover (he fíat marginsof scarselyincised
rivers (Arevalilio, Merdero).Slight hydromorphismis governednol only by floo-
ding buíalsob>’ groundwaer,as far as parenímaterialis noL impervious.The dee-
pening of watertablehas increasedchangesin soils andwater stressin meadows
and oiber vegetationtypes. Salinization is iherefore becomingmoreand more
imporLaní andargillic horizonschangemo natric whengroundwaierpumpinghave
mmcd olderfluvisols.

lf wind action is responsiblefor (heformationanddevelopmeniof weLlandsin
this northernfringe of SpanishCentral System,atibe momentaridification and
desertificationareprogressingas a resulí of groundwaíer hypercxplotation.Spanish
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aquifersare becoming«aquivacua»(emptiedof water)anddeserLificationis today
the most imporLanthazardin MediterraneanEurope.B>’ meansof humanimpacts
oíd, Quaternarywind condiLionsmay advance,destroyingihe presentwelfare.
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