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RESUMEN

En los últimos cuarentaaños, losgeólogositan realizadoinvestigaciones
sobreel rellenosedimentariode cuencasfluviales conun nuevonivel de de-
talle suficienteparaincluir sustrabajosbajola denominacióndc «sedimento-
logia». Todo ello ha dadolugara un importanteavanceen el conocimiento
de la morfologíafluvial, la palcoecologíay los paleosuclos.Un mayorcono-
cimientode estosrasgoslocales,hapermitidosituarla litoestratigrafiasolare
unabasemásfirme. Juntoa losavancesenbioestratigrafía,los estudiosa es-
caíadecuencahanconducidoaavancesenel conocimientodelosefectospro-
ducidospor latectónica,los cambiosclimáticosy lasoscilacionesdel nivel de]
mar. Parael futuro seabrenatractivasposibilidadesenla mejorade lapreci-
sión estratigraficabasadasenel reconocimientodc efectoscíclicosdeorigen
astronómico(Milankovich). En general,los trabajosfuturos tendránqueser
máspluridisciplinares,haciendousode métodoselectrónicosde almacenaje,
tratamientoy presentaciónde la grancantidaddc datosquetendránqueser
recogidosy analizadoscadavezdc forma máscreciente.

Palabrasclave:Sedimentaciónfluvial, Sedimentologíacomparada

ABSTRACT

Over tite last forty yearsgeologistshavelaceninvestigatingtite sedimen-
tary fills of fluvial basiusxvitit a newleve)of detall, sufficient for themto cali
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their work «sedimentology».Titis itas resultedin greatlyimproved unders-
tandingof rivermorphology,palaeoecologyandpalaeosols.Greaterundcrs-
tandingof titeselocal featuresitas put thelititostratigrapityon afirmer basis.
Along witit advancesin bio-stratigrapity,basin-sealestudies itave led tu> ad-
vaneesin knowledgeof tite effects of tectonism,along xvitit clúnateandsea-
level clianges. In future, exciting possibilitiesappeartu> exist of improved
stratigraphicprecisionbasedon tite recognitionof astronomical(Milanko-
vich) cyclic cffects. Futurework generallymustbe increasinglymultidiscipli-
nary, andmaIte fulí useof electronieniethodsof storing, itandling andpre-
sentingtite largeaniountsof datathat Mill increasinglyitave tu> becollected
andanalysed.

Key words: Fluvial sedimentation.Comparativesedimentology

1) INTRODUCTION

Whentite name«sedimentolu>gy»was first used,aboutforty yearsajo, it
representeda new desire tu> understandtite detalledprocessesof sediment
transportanddeposition.Sorneof tite geologistswho first took up tite cha-
llengeof working, in titis newdetalledway, concentratedon outcropsof river
clianneldcposits.Thiswasbecauseknowledgeof transportprocessesin river
channelswasmorecomplete,at titat time, titan titat of shallow-or deep-sea
transportingprocesses.

My main olajectin titis paper,is tu> considertite dircctionstakenoverthe
forty ycarsof developingstudiesof fluvial basins.Detailedsedimentological
work hasundonbtedlysucceededin providingmorecompleteinterpretations
of tite itydraulicsarid morphologyof ancientrivers,but witat morehasbeen
acheivedin termsof broadergeologicalconsiderations?Tu> witat extentitave
onr advancesin river interpretationbeenaccompaniedlay newunderstanding
of thc tectonie,climatie, sea-levelandecologicalsettingsof tite basins?Can
we recognisenewdirections for tite future?

Tbe first parÉof titis paperprovidesapersonaloverviewof the way tbat
knowledgcof certain fluvial depositshas developedovertite last forty ye-
ars. Titedeposits¡ haveselectedaretitoseknownbesttu> me; they are from
titree basinsof Devonianage,andfrom two laasinsof Tertiary age.Titis ba-
sin-by-laasinsurvey<Figs. 1 -3) will suggestthat varíousapproacbesdevelo-
ped in tite differentcasesdid so partly becauseof the differentoutcropsi-
tuations.
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2. TRENDSIN THE SEDIMENTOLOGLCAL STUDY
OF SELECTEDBASINS

2a. LOWER Gui REO SAINOSTONE (LATE SILURIAN xr’ao EM<rv DEVONLAN)

OF TIJE ANGLO-WEISII BASIN

Titis areabecaimea classicof tite earlydaysof fluvial sedimentoiogy,lar-
gelybecauseof tite work of 3.R.L.Mlen,oníy afew of witosepapersarequo-
ted itere. Míen usedarigorousreview<AIlen, 1965)of availableliteratureon
present-dayriver sedimentation,as abasisfor theinterpretationof tite fluvial
outcropsof tite Oíd Red Sandstu>neof ihe Anglo-Weisit basin. Thesesedi-
meníshad not previouslybeenexaminedin detail as sedimenís,altitough
titeir earlyvertebratefosslls werefamous.Outcropsare largely restrictedtu>
small,discu>ntinuous,streamsections,andmucit of Allen’s carlierwork con-
sistedof tite painstakingconstructionof sedimentologicallogs, witit very lit-
fle scopefor lateraltracing.

Allen (1964) interpretedtite sandstone-mudstonealternations (cyclo-
titems, cycles) that were such a featureof itis iogs in terms of episodesof
channelandoverlaankdeposition,andspcculatedthatthealternationsmight
represent1) simplewanderingof rivers (autocyclicity), 2) varying baselevel
of tite contemporaneoussea,or 3) varying tectonieactivity in the sediment
sourcearea.In laterwork, Míen (1983)helpedtu> estalalishtite dominantrole
of tite wandering,autocyclicor avulsivebeitaviourof tite rivers in generating
titis sort of cyclicity, aud found no evidenceof tite influenceof episodiesea-
level or source-areatectonicson acycle-by-cycleseale.

One generalisationthat camefrom someof tbis earlierwork concemed
tite morpitologyof the riverstitat producedtitesecyclic successions.Because
of tite general,present-day,occurrenceof muddybanksin meandering(higit-
sinuosity) rivers, it was proposed(Alíen, 1965) that sandstone-mudstoneal-
ternations(or cyclcs)wereliikcly tu> betypicalof titesetypesof rivers.Overtite
years,thiswassubsequentlysitown tu> beuntrue(Míen, 1983;Moody-Stuart,
1966; Friend, 1983.,Willis, 1 993a>.Tite identificationof tite depositsof me-
anderingor of laraidedrivers requiresgoodtwo-dimensionaioutcrops,andit
was recognisedearly on (Alíen, 1964) titat suitalaleoutcropswere particu-
larly rare in theAngio-Welsitbasin.

Oneotiter featureof tite morpitologyof tite rivcrs titat producedthe cyclic
sequencescould be determinedlay using tite titickness of tite citannel-filí,
sandstonemenibers,as a direct measureof tite citanneldepth. In this way,
Míen (1983>was able tu> suggestadiscitargeof 3000m3/sasatypical bank-
fulí figure for tite proximal BrownstonesFormation. Inspectionof otiter
iogs measuredlay Míen (Hg 1 a; Alíen, 1964, 1974) suggeststitat most of
tite Lower Oíd Red Sandstonerivers of titis basin had smaillcr discitarges
titan titis.



58 1~atar F. Friend

60

50

40

30

20

0

0> ~
cl

u
¡

Hg 1 —Examplesof architectural(cycle)analysisfrom theOíd RedSandstonebasins.a) log of
streamsection,Ditton Group,Aí~glo-WelshBasin,blackshadingindicatesaverbankmudstones,
with pedogenicconcrefionarycarbonatelayers,sandstonesunitsareshownxviii an indicationof
their seciimentarystriicttires <redrawnfrom Míen, 1974. Fig 28); b) hypotheticalvertical-plane
section, representingtypicai cyciic architecture in the no¡-th-westandsouth-eastareasof the
WoodBay Formationoutcropasca,Spitsbergen;sandstoneunitsare indicatedwith stipple dis-
tinguishingbetweenfine andmediun sandstones;the centreof tibe basin andthematerialbet-
xveenthesandstonesis mudstone(redrawnfrom Friend andMoody-Stuart.1972,Fig 20); c> log
of section,K 180, XV. Rodebjerg,EastGreenland,showingintervaisof cross-stratifiedsandsto-
nc (white) interbeddedwith flat-beddedsandstone(black) iii tibe SandstoneAssociation<re-
draxvnfi-orn Fricud atal, 1983, Fig 16).
Fig. 1 —Ejemplosdeanalisisarqi:itectonico(ciclo) encuencasdela Oid Red Saudstone.a) co-
lumnadelGrupoDitton, CuencaAnglo-Galesa,el tono negroindicalimos deoverbank,conni-
veles pedogenéticosdeconcrecionescarbonatadas,en las unidadesde areniscase indica su es-
tructurainterna(redelineadodeMíen 1974, Fig.28); b) Cortehipotético plano-vertical,repre-
sentandola arquitecturatípicaácueaenlas áreasNoroestey Surestedela zonadeafloramiento
de la ¡-ormaclónWood Hay en Spitsbergen;las unidadesde areniscaestán representadascon
puntead<í,distinguiéndoseentrelas ele granofino x- medio; el centro de la cuencay el material
entrelasdosareniscassonlimos (redelineadodeFriend y Moody-Stuart.1972, Fig. 20>; c) co-
lumnadel coiteK 180W. Rodebjerg,al EstedeGroenJandia,mostrandolos intervalos(le are-
niscasc<>n estratificacióncruzada(blanco)inteí-caiadasconareniscasplanoiaminadas(negro>en
la SandstoneAssociation(redelineado(le Friend et al. 1983, Fig. 16).
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Mlen’s workin tbis basinalsoresultedin importantadvancesin thestudy
of palaeosols(fossil soils), wltcit, whenwelI-deveioped,containzonesenn-
cited in calciumcarbonate,locally called «cornstones»,or more internatio-
nally, caleretesor calicites (Alíen (1986), Marriott andWright 1993). Tite
presenceof titesepalaeosolswastakentu> indicatewarm, andseasonally-arid
climatie conditions(Míen, 1983).

Not only did titis work producea new level of understandingof local as-
pectsof tite palaeoenvironments,but it wasaccompaniedlay systematicwork
thatalloweda majorreassessmentof tite regionalgeologicalsettingof thede-
posits.Titorougitwork on detritalprovenance,combinedwitit systematicco-
ilection of palaeocurrentmeasurementsconfirmedtite areallocationof uplif-
ti ng sourceareaandsubsidingbasin.TheAngiu>Welsitoutcropareawasseen
as onemarginof abasintitat titinned tu> tite NW, andwas suppliedwitit se-
dimentfrom an uplifting mountaínousareathattrendedNE-SW,paralleltu>
themajorCaledonianorogenof tite aiea(Fig 3a;Míen, 1974).However,the
iackof good inlandoutcropshas,so far, madeit impossibietu> distinguisladis-
creteprovenanceor distributarysystemsin tite basin (Fig 3a).

2b. WoooBAY FoRMATIoN (EARIx-MIDD[r DEvONi~át~) OF SPIT5BERGEN

Tít Formationis tite mostwideiy exposedof asuccessionof LateSim-
rian tu> Middle Devonianformationsoutcroppingin abasinin titesehigit Are-
tic islands.Beforetite studiesreportedhere,muchof tite researchinterestitad
beenfocussedon tite fossil vertebrateinterest(Friend,1961). Subsequentse-
dimentologicalwork was strongly influencedlay tite broadly simuiltaneous
work of J.R.L.Allen in tite Anglo-Welshbasin (seeaboye),altitough thedif-
ficulty of visiting tite better outcropsimposeda ratherdifferent, reconnaiis-
saneestrategyon thework.

In Spitsbergen,generallyflat-lying sandstone-mudstu>nesuccessionscan
be ioggedin many gully andridge sections,but lateraltracing is frequently
hinderedlay seree-or ice-cover.Thetypical sandstone-mudstonealternations
(cycles)werc interpreted(Fricnd& Moody-Stuart,1972)astite resultof avul-
sivealtemationsbetweenchannelandoverlaankepisodes,as in tite Anglo-
Welshbasin.Againsandstoneunit titicknesscouldbe usedas anindicator of
river citannel depth, andpalaeohydraulicflood estimatesof up tu> 600rn3/s
weremade.In mucit of tite WoodBay Formation,theabundanceof mudsto-
ne intervaiswas taken(mistakenly,seeaboye)tu> imply meanderingcitannel
morpitology, but tite questionof tite citannelmorphologyof tite rivers needs
tu> be reassessedontite basisof furtiter field examination.

Caicie palaeosolhorizons(Friend andMoody-Stuart, 1970), titough re-
cognisedtu> be similar tu> thoseof tite Anglo-Welsh basin,were cíearly less
strongly developed.
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Fig 2.—Examplesof architecturalana]ysis fi-orn the Tertiarv basins a) discrete,cliannelfilí.
sandstonebodies<stippled) in mud-dominantoverbankmaterial (unmarked)of Ihe Rio Humen
vallex-section,Ebro basin(redrawnfi-orn Friend at al, 1986); b) architecturalanalysisof major
sandst<>nebodies<stipplcd) in Level C <nearfíe top of theNagri Formation), separatedby ita-

maíkedmudstones~vitlopalaeosois(surfaceswith verticalticks) ‘I’his beddingdiagram(redrawn
from Willis, 1 llOSa) is presentediii thelipperpart of the diagrainwithout verticalexaggeration.
md in tiíe lowerpart witib «IX verticalexaggerntion.Arrowsindicatesloping directioíí of sands-
tonesurfaces.relativeto theplaneof thepiofile.
Fig. =.—E3emplosdeanálisisarquitectónicoencuencasTerciadas,a> cuerposdiscretosdeaíe-
niscasde rellenode canal<puntedo)incluidos en materialdedesbordamientodomirnurtemente
limoso (blanco)delcor-te delvalledelRio Plomen,CuencadelEbro(redelineadodeFriendet al.
1986);u) análisisdela arquitectura(le cuerposmayoresde areniscas<íwoteado)en el Nivel C
(próximoal techodela FormaciónNagri), separadospor lutitas (sin tram;í)conpaleostíelos(sir
í,erficies conmarcasverticales).Estediagramadeestratificación(redelineadode Wiilis, filOSa)
sepresentaen la partesuperiorsin exageraciónvertical,y en la parteinferior con exageración
vertical 4x. Lasflechasindicandiíeccióndela inclinacióndelassuperficiesdeareniscas,respec-
to al planodel corte.
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Tite outcropsof tite WoodBay Formationoccurbetwecnboundingfault
systemstitat trendnorth-south,paralleltú tite Caledonianorogeniefold belts
tu> tite westandcast.Systematicmeasurementsof fluvial palaeoeurrents,com-
lamedwitit newbiostratigrapity,andprovenanceinformationfrom tite sands-
tonessitowthat tite scdimcntswere depositedin distinct fluvial distributary
systemsof citaracteristicsedimentation.The arrangementof the systems
(Friend & Moody-Stuart,1972) showsthat tite westemboundaryfault was
active, tu> a limited extent,during sedimentation,but that titere wasno acti-
vity alongtite line of the largereasternboundaryfauit(Fig 3b), whicit must
itave becomeactiveafter sedimentation.

Aítitough lithostratigrapliicunits botit laelow and aboyetite Wood Bay
Formationprovide evidenceof marineinfluence, it hasnot beenpossibletu>
estalalisitanyeffectsof global (eustatic)sea-levelchangeon tite generalstrati-
grapiticsuccession,buttite lackof ltgh-precisionbiostratigraplaledatingme-
ansthatanyattemptswouldbe highly specuilative.

2c. Oín RED SANOSTONE (MJnnI~n-LATE DEvONJ~), EA5T GREENLANO

Whenadetailedsedimentologicalstudylaeganin titis basin( Friendetal.,
1976; Friendet al., 1983), mucit of tite previousfield-work itad beenconcer-
nedwitit tite vertebratefossils,witich inciude,amongstotiter forms, fu>ssils of
tite eairliestknowntetrapods.Otherwork itad beenconcernedwitit tite struc-
tural andtectoniecomplexityof thesuccessionstitat containseveralangular
unconformities,as well as volcanieandplutonic igneu>usrocks.

As in tite Spitslaergenbasin,verticallogs can easllybe measuredin most
partsof tite EastGreenlandbasin,but lateraltracingis frequentlyimpossibie
duetu> serce,iceor fjord. Tite majorc]iff exposuresneighlaouringmanyof thc
fjords areolten inaccessiblcon foot, altitougit titey canbe studiedfrom a he-
licopter ([1. Olsen, 1990).

Thesandstone-mudstu>nealternations<cycles)thataresocitaracteristicof
the Anglo-WelsitandSpitsbergenbasinsareonly presentvery locally in East
Greenland.Titemain formationsconsisteititer of mudstone-dominantiacus-
trine deposits,or of sandstone-dominantdeposits,titat would now be attri-
lautedtu> fluvial laraid-plains.Becauseof tite lack of obviouscycles, andtite
gradationsin tite sedimentaryiogs, a statisticalclassificationlay computerof
log «samples»(eacitof arbitrairylength of 10 m), wcresummarisedin termsof
tite grain-sizeandsedimentarystructurespresent.Sorne31 classesof sample-
types were distinguished using titis approacit. Further fieid-work on tite
sandstone-dominatedsuccessions(cgFig 1 c) will undouibtedlyyicld paLie-
oitydrauiicestimatesfor tite laraid-plainmaterial,lrnt, little palacoitydraúlic
work was actuallyattempted.

Most effort was put into tite regional analysisof tite stratigrapity,wliicit
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Fig 3.—Sketchmaps.plottedfor comparisonon tlie sanieseale,sbowingdifferentaspectsof the
five fluvial basinseliscussedin tbis paper.a)Anglo-Welshbasin <Early Devonian,redrawnfi-orn
Copeet al., 1992); h) Wood Hay Formation,Spitsbergen(redraíxrnfi-orn Friend andMoody-
Stuart. 1972. Figa 2 and7); c) EastGrcenland,«Unit 5> (redrawnfi-orn Friend at al., 1083, Fig
27); Spain,northern edgeof tibe Ebrobasin(redrawnfrorn Hirst (5 Nichols, 1986,Fig 9); e)
Indo-Gangetiebasin,sbowingonly theEastIndian segment<>f the basin, in orderto give some
ideae>f thescaleof tbe basinwbichappeaí-stu bethepresent-day-continuation<>f the fluvial ba-
sin in wliich fije Siwaiik depositsaccumulated<redrawnfi-orn Wlllis, 1993b,Fig 1 4c).
Ng. 3.—Mapasesquemáticos,dibujadosa la mismaesc~daparasu comparación,mostnndodi-
ferentesaspectosdelascinco cuencasfluvialesdiscutidasenestetrabajo.a) CuencaAnglo-Gale-
su (Devónicoinferior, redelineadode Copeet aL 1992); b) FormaciónWood Hay, Spitsbergen
<redelineadodeFriendy Moody-Stuart,1072,Ng 2 y 7); c) GioeniandiadelEste, «Unit 5» (re-
delineadodeFíiendet al. 1083, Fig. 27); d) Espai5a,bordenortedela cuencadel Ebro(redeíi-
neadode Hirst y Nichols, 1986, Fig. 9); e) CuencaIndo-Ganges.mostrandos<>Iaineuteel seg-
meiito dela cuencacorrespondientea la India Oi-iental. con el fin de daridea(le la escalade la
cuenca,la cualpareceserla continuaciónactualde la cucocafluvial en laqueseacumularonlos
depósito;Siwalik (redelineadodeWiIlis, 1995b,Fi~. Ile).

Spitsborgen

Anglo-Welsh

E. Greeruland

N. Ebro, Spain

Ouatsrnary Gangetic, E. India
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wasnol easybecauseof lateralvariationsin manyof tite units,andtite strne-
tural complexitiesalreadymentioned.However,systematicwork on the flu-
vial palaeocurrents,andon tite lititological vairiation, led tu> tite definition of
ten different time episodes(Friendat al., 1983). Tbis revealedtitat tite out-
crop areacontainedfragmentsof two successivebasins,overlappinglaut not
coinciding in space;eacit basinstartedwitit fluvial sedimentation,olten in
discretesystemsthatweresometimesderivedas fan-like radial systemsfrom
pointson tite basinmargins(Fig.3c).

Furtiter structuralandsedimentologicalwork haslacen cairriedout more
recentlyon titeseGreenJandsediments(HOlsen, 1990; H.Olsen& Larsen,
1993). Titis work hasresultedin important advancesin both detailedsedi-
mentologyandin tite generalbasin-sealegeology.New evidenceof regional
synscdimentaryfu>lding hasbeenrecognised,in addition tu> tite synsedimen-
tary faultingpreviouslyknown,andchangesbetweenfluvial andloaddeve-
iopmentsof aeoliansedimentationitave beenattributedtu> elimatic influen-
ces, altitougit titesemay havelacen causedlay ehangesof topograpity.Regu-
lar citangesin meandcringriver itydraulicsatonelevel itavebeeninterpreted
(H. Olsen, 1990) as a responsetu> astronomicallyforced (Milankovicit) cii-
matie cycles.Titis is oneof tite first claimsthatMilankovich effectshavelacen
preservedin fluvial depu>sits.

2d. SMuÑíiNÁ FOEMATION (OLIGoCENE-MIOcE%, EaaoBASIN, SPAIN

TheEbro Basinis tite Tertiary forelandbasintitat developedsoutitof tite
Pyrcnees,astite upliftedsurfaceof thethickenedorogenicernstspreadsoutit-
wairds. AIong tite southernmostextentof Pyreneantbirusting,Mesozoicand
EariyTertiary tbrustsiteetsarein contactwithOligoceneandMiocenefluvial
scdiments.Justsouthof titis contactzone,river channe]sandstonebodies,
standingout clearly in profiles cut in tite dominantoverbankmudstnncs,
showacleair pattemreflecting tite evolvingtopograpityof thefrontal thrusts
(l-Iirst & Nichols, 1986). Twu> radial fluvial systems(Fig. 3d) formed witit
their apiceswherc largeriver systemsdraining tite axial zoneof tite Pyrene-
esweredivertedaroundthe 100km. long emergentfrontal rampof thesout-
hernmosttbrust sitect.At tite saimetime as titeselargesystems(radii betwe-
en 40 and 60 km) formed, mucit smaller (radii a few lan) fans of coarser
(conglomeratic)materialformedeveryfew tan. alongthe tlirust raimp, drai-
ning oniy tite rampitself.

Tite sandstonebodies in tite large fluvial systemswere interpreted as
channelpiugs,or laterally-linkedamalgamatedcitanne]plugs, andtiterefore
providedevidenceof thebank-full size andhydraulicsof the channels(Fricnd
et al, 1986: Hirst, 1991). Thesesystemswereolaviouslylargeterminal sys-
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tems,becausetite channeisdied out áltogetiteras tite mud, carbonateand
sulphatelacustrinesedimentof the basincentrewasapproacited.

TiteseEbro-basinstudiescontributedimmediateknowledgeof tite geo-
morphologyandhydrau]icsof the river systems.Witen coupledwith syste-
matiework on tite palaeocurrents,and peblaleandsandstonepctru>logy, titey
provideavivid pictureof tite interactionof regionalandlocal tectoniesin the
sourceareawitit tite sedimentationin thc basin. Tite location of titis study
areaon the active, compressional,margin of tite foreiandbasin is cleauly a
¡najor reasonwhy titesestudiesweredominatedby tectonicconsiderations.

Careful pedu>genicstudiesitave shownonly a limited degreeof soil itori-
zon formation (Marriott, S.B., personalcommunication,1993>, andat the
moment,tite bestindicationsof palacoclimatiesecmtu> be basedon interpre-
tation of therodentfaunas.Titere is no evidencetitat tite fluvial sedimentsof
OligoceneandMioceneage wereinfluencedby changesof sea-level,andal
tite general stratigraphicinformation suggeststitat the sea was exciuded
compietelyfrom tite basinduring titis period.

2e. STwXUK G~oue(MIoCENE), NOETHEM PAKISTAN

Tite Siwaiik Group is tite youngestmajor bed-rockstratigrapiticunit fi-
Jungtite forelandbasin of tite Himalayas. It has long lacen famousfor its
abundantfossii faunas,particuiarlyits Miocenemammals.Tite fu>rcland ba-
sin is still activeandbcing filied at titepresent-dayby tite Indo-Gangetieriver
systems.

In partsof northernPakistan,tite semi-aridclimate,recentuplift andre-
Iatively gentie folding, related tu> thc continuing crustal convergenceitave
producedexposuresthatareideal for lateraltracing, as well as «vertical»log-
ging. Techniquesfor analysingtheseexcellentoutcropshavebeenrefined
(Wiliis, 1993 a,la), andprovidedanewstandardof successin palaeoitydrau-
lic audgeomorpitologicalanalysis.Porexample(Wihis, 1993a), estimatesof
laank-full discitargesof 310-3390m3/s, havebeenmadefor «Level C» (Fig.
2b), Long with manyotiter estimatesof hydrauiicandmorpitologicalvaria-
bles.

At tite sametime, palaeocurrentdataare availablein greatquantityfrom
work of titis intensivekind, andtendtu> sitow relativeLy unifu>rm flow direc-
tions.

Attemptstu> examinebasin-filí variation posespccialproblemsin a basin
sorne2000kmlong and1-200kmwide. Titemajor recentprogramme,direc-
ted by Dr. 3.S.Tiridge, invoived a strategyof selectingtitree distinct, spaced
arcas,eacitfor aPhD studyof sedimentologicaldetail. Palaeomagmeticre-
versalcorrelationitasbeenusedtu> provideinformationaboutregionaltrends
of variationbetwccnthetitreelocalities.
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Theabundauceof tite fossilmaterialandlis evolutionaryinteresthaveled
tú considerationof theecologyof tite fluvial environimentsgenerally,andalso
the taphonu>myof tite. fosslls (cg. Behrensmeyer,1987).This hasalso lcd tu>
extendedresearchon thepalaeosols<Bebrensmeyer,Wihis, & Quade,1995),
which providefrequentrnarkersbetweentite main chaiír<elsandstonebodies.
Tite palaeosu>lsnormallyshowan upperdecalcifieditorizon, andiower itori-
zonswith calcareous,iron or manganesenodules.Work on the oxygenand
carbonisotopesof tite soil carbonateshasexciting potentialin distinguishing
typesof plaint cover,andtitus ultimatelytheclimateandterrestrialecoiogyof
tite floodpiain (QuadeandCerling, 1995).

3. DIRECTJONSANT) STRATEGIES OF FLUVIAL STIJDIES

3a. LOCAL PALAEoENvn{ONMENTAL RESU’LT5

Considerableadvancesitave lacenmadein interpretingtitehydrologyand
geomorpholu>gyof ancientrivera, usingtiteir depu>sits.

Theseadvanceshaverequiredthe developmentof very time-eonsuming
observationalru>utines(cg. Wiilis, 1 993a),involving liigh standardsof syste-
matie measurement.Mucit of this work also requirestwo, or eventhree-di-
mensionalinformation,andis largelyimposaibleif only one-dimensionalloga
canbemeasured.

Titedistinetionlaetweenbraidedandmeanderingrivermorpitologiestitat
was oltenthe endpointof earlysedimentolu>gic,alstudies,mustnowbe based
on morecareful analysisof citannelsandstone-bodyintemal atructures,aud
cannotbe basedon tite absenceor presenceof mudatoneintervals.

In a remarkablepaper,Cotter (1978) examinedevidencefor the ideaof
Schumm<1968) titat tite evolutionof landvegetationmigitt itave beenres-
ponsibiefor acitangein tite patternof rivers duringPhanerozoictime. Un-
fortunately,mostof the literatureavailableatthetime of Cotter’swork used
tite incorrectsaud-or mud-dominantdistinction for the differentriver pat-
tems,sorequirescarefulre-assessment.In titis paper,my compairisonof tite
threeDevonianwith tite two Tertiary fluvial formationsshowssuehmajor
differences,dueparticularlytú thetectonicsettingsof tite basins,titat it 18 not
poasibletu> recognisedifferencesduetú tite expectediincreasein vegetation.
Much moredetailedwu>rk will be requiredbeforetite influenceof this chan-
ge is likely tú bedetected.

Palaeosolwork invo]ving textural andmineralogicalanalysisitas great
potentialfor pru>vidinginformationon botit local climatesandground-water
conditions. Tite use of soil carbonateisotopework (Quadeand Cerling,
1995)as anindicator of differentvegetationtypes offersa powerful indepen-
denttool lix local environmeixtalatudies.
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3b. BASrÑ-scALE, REGIONAL RESULT5

Tite importanceof tite studyof fluvial depositsin providing independent
informationon basinevolutionis veryclearfrom titeexamplescited. It ispar-
ticularly importanttu> stresstitat mucit of titis informationon tite topograpity
andkinematicsof tite crustcan be datedwith aprecisiontitat, titough not as
gou>d as generallyassu>ciatedwitit marinesediments,is sti]1 iikely tu> be laetter
titan titat availablefrom the structuresor petroiogy of the basinsurroun-
dings.

In general,regionaltectonieadvancesitavecomefromfluvial depositsbe-
causeof tite systematicand intensiveway titat their palaeocurrentsaudpe-
trology havelacenstudiedin recentyears.Thiswork hasled tu> tite recogni-
tion of discretefluvial systemsin witicit specificsourcearcashaveprovided
sedimenttu> defineddepositionalareas.It maybetitat measuremcntsof sedi-
mcnt flux in titese relatively simplesystemsof direct sedimenttransfcrcan
provideimportantinformationon ratesof sourceareaexhumationin future.
Whentitesedalaarecombinedwitit sourceareastudiesof exhumationusing
fission-trackaudotiter mineraldatingmetitods,thenwcll-constrainedsource
areaupiift historieswlll bereconstructedas well as basin-filí, sulasidencehis-
tories.

Overtite lasttwentyyears,manybasinalstudiesitave lacendominatedlay
considerationsof tite influenceof sea-levelcitange.Mucit of titis work, under
the general iteading of sequencestratigrapityhasresultedin recognitionof
patternsof stratigraphiccitangetitat arelaest interpretedin termsof marine
transgressiu>nsandregressions,J-loweverindependentdatingof titese events
is oftennot availabietu> distinguishglobal (custatie>changesfrom morelocal
(laroadlytectonie) citange.Becauseof the commonlack of precisedating in
fluvial successions,few studieshave,so far, beensuccesfulin tbis, evenwite-
re tite fluvial depositsinterdigitatewith coastalsediments(cg. Shanley& Mc-
Cabe, 1993). Of course,basinsthat Jackclear evidenceof river connections
with tite sea,cg. theOid RedSandstoneof EastGreenlandandtite Oligocene
andMiocene of tite Ebro Basin,Spain,would not be expectedtu> show cvi-
denceof anyinfluencelay sea-levelchange.

One researcitdevelopmenttitat offersexciting possilaiitiesis basedon tite
recognitiontitat somemarinebasinsshowevidenceof Mllankovicb, astrono-
mically-driven,climaticoscillationsin sedimentation.Whencouplcdwitit pa-
laeomagneticreversalstratigrapity,tbis work offers the prospectof dating
somemarinebasin-filis witla a precisionof 20,000years,back as far as the
Miocene(Ililgen, 1995).It seemsdoubtful,attite moment,witetiter titis work
canbe extendedwidely intú the non-marinestratigraphicrceord,laut tite ma-
rine rcsultsaresopromising,titatmuchworkwill bedirectedtu>titis end,and
optimistie claimsitave aireadybeenmadein Devonianfluvial strata,asmen-
tioned in the Grceniandreview aboye (Olsen, 1990). Lacustrinesediments
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cleariy itave greatpotential for recording regular climatie osciilatiu>ns,and
claimsthattiteseareastronomically-driven, Milankovich-scale,20- 100,000
yearosdiiationsitavebeenmadefor manylakebasinsas fax backas Triassic
(eg.POlsen,1986) andDevonian(Astin, 1990) ni age.

It is proving very difficuít tu> extractabsoluteclimatic informationfrom
fluvial successions.Palaeosolsprovide relatively promising local evidence,
althoughit 18 clifficult tu> interpretthis in basiuswliere activelychangingtu>-
pograpity, andchangingdispositionof landandsea,mayitave producedlo-
cal climatie changes.Palaeoitydraulicinformation is evenmoredifficult tu>
utiuise, partly becauseof tite preservationalbias towardsextreme flood
evcnts,but also becauseitydraulic work relatestu> individual citarínels,and
completedrainagenetworkswould haveto be reconstructedtu> makeaiea-
ningful assessmentsof basinalwaterflux, andtitereforeprecipitation.

Ml the approacitesoutlined in tbis reviewcanclearly leadtú the greater
understandingof particularsituationswhich itself can lead tu> understariding
of tite basicprocessesaudinteractionsinvolved.Mostof tite resuitsolatained
in ffiese studieshavebeenacheivedlay investingiincreasingamountsof time
making tite field observations,or laboratúryanalysesinvolved.Titenewpos-
sibiJitiesfor electroniestorageandhand]ingof tite largeandcomplicatedsets
of informationbeing gatheredin titis work, mustbe usedin order tú make
tite maximumuseof Li tite new databeconilngavailable.New technicalde-
velopmentsin tite electroniehandlingof mapdataappeartú offer exciting
possibiitiesfor improvedbasin-sealestudies.
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