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XBSTRACT

Sedimentationin tite BowenBasinduringtite Triassicoccurredin a fore-
landsettingbetweencratoniestableareasto tite westandtite activeNew En-
glandOrogenin tite east.Sedimentwasaccumulatedin continentalenviron-
ments,wltc.h werepredominantlyfluvial, andmucit of tite sedimentwasde-
rived fromtIte activeorogen.

Typicail exposuresfrom cadi of tite tbreemajor Triassicstratigraphic
units (RewanGroup, ClematisGroup ¿mdMoolayemberFormation) were
studied,fo illustratetite variationsin depositionalstyle titroughouttite evo-
lution of tite basin.

Tite basalTriassicRewanGroupis dominatedin tite studyareaby poorly
interconnectedandsharplyboundedcitannelsandsof moderatewidth (tens
of meters>,witb hcight to width ratios of individual citannelbodiesaround
1:7. Sandbodiesareseparatedby abundantchocolatebrownto red mudrocks
(siltstoneandclaystone)whichsitows evidenceof soil formationanddesicca-
tion.

Tite overlying quartzoseClematis Group representa re-organisationof
drainagein tite basin¿mdwasderivedfrom tite stablecratonto the westdu-
ringatime of relativetectoniequiescence.Much of tite ClematisGroup acen-
mulated in large sandybraidplainsand now forms a cliff-forming sheet
sandstone.Tbicknessto width ratios estimatedfor Clematisdepositéin tite
arearangefrom 1:30tu 1:70. Theuppermostpartof tite unit recordsarapid
changefo lacustrineconditionsassociatedwith a major lacustrineflooding
eventaffectingthe southernBowen Basin (SnakeCreekFlooding).
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Titeoverlying MoolayenterFormationcompriseslanúnatedandbiotur-
batedmudrocksand interbeddedfine grainedquartz-lithicandmicaceous
sandstoneswith evidenceof wave ¿mdcombinedflow aetivity, which aecu-
mulatediii a largeopencireulationlake. A lowering of relativebaselevelre-
sultedin a periodof progradationand infiiling of tite lake. Fluvial deposité
post-datingtite major progradationare dominatedby moderatesized, si-
nuousstreamswith locally preservedseroil-barandleveemorpitologies.Up-
per Moolayeiniberstreamsstudied itere exitibited interpretedtitickness fo
widtit ratiosof 1:9.

Keywords:Triassic,BowenBasin,Australia,architeeturalelementé.

RESUMEN

La sedimentacióntriásicade laCuencade Bowense llevo acaboen un
asentamientode «antepais»entreunazonaestableal oestey el orógenoaeti-
yo deNuevaInglaterraen eleste.Los sedimentosacumuladosfueronbásica-
mentede tipo continental,condominiode ambientesfluvialesqueprovenían
del citadoorógenoactivo.

El presenteestudiose hallevadoacabomedianteel análisisde faciesde
afloramientosconocidosd.e cadaunade las tresunidadestriásicasmásim-
portantes(Grupo Rewan,Grupo Clematisy Fm. Moolayember),paramos-
trar las variacionesen el estilo deposicionala travésde la evoluciónde la
cuenca.Todoslos afloramienfosfueronelegidosde un áreapróximaal mar-
gencratónicodela cuenca,dondela influenciadela tectónicalocales mucito
masreducidaqueenel ladoestede la misma.

El triásicobasaldel GrupoRewanse acumulódurantelaetapade subsi-
denciarápidadela historiade la cuencay estádominadaen el áreade estu-
dio porun sistemade canalesde arenapococonectadosentresi, de modera-
da anchura(decenasdemetros)y conunarelaciónprofundidad/ anciturade
los canajesindividualesen tornoa 1:7. Los cuerposde arenaestánseparados
por abundantessedimentosfinos (arcillasy limos) de color marróncitocola-
tequepresentanevidenciade formacióndesuelosy desecacion.

El Grupo Clematis,suprayacentesobreel anterior,representaunareor-
ganizacióndel drenajeen la cuencaduranteun tiempode relativatranquili-
dad tectónica,teniendoel origen de sussedimentoslocalizadoen un cratón
establesituadoal oeste.La unidadmuestraun fuerte contrastepetrográfico
respectoal subyacenteGrupoRewan,detipo volcánico,mostrandoun cam-

IJio desdelos sistemasdeposicionalesde tamañomoderadodominadospor
lodosen el GrupoRewana los dominadospor arenasen llanurasde tipo en-
trelazado.GranpartedelGrupoClematisfue acumuladoenampliasllanuras
arenosasconsedimentosquellegarondesdeeloestey queahoraconstituyen
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unabandade areniscasquedanun resaltey quecubrenla mayorpartedel
surde laCuencade Bowen.La partemásaltade estaunidadmuestraun acu-
sadocambioaun ambientede tipo lacustreasociadoaun eventode inunda-
ción principal queafeetóala mayorpartedel sur de la citadacuenca(inun-
daciónSnakeCreek).La relaciónespesor/ anchuraquese estimaparalos
depósifosdel GrupoClematisen el áreaosdilaentre1:30y 1:70.

La formaciónsuprayacente(Fm. Moolayember)estáconstituidapor de-
pósitosfinos (limos y arcillas)laminadosy bioturabados,connivelesinterca-
ladosde areniscasmicáceasde granosde cuarzoconevidenciasde actividad
combinadadeolasy flujos.Un descensodelnivel debaserelativoaparecióen
un periododeprogradacióndentrodeun lagodeampliacirculaciónquepue-
deserreconocidosobregranpartedel SO delaCuencaBowen.Lasfaciesflu-
viales antecedenla mayorprogradacióny estándominadaspor depósitosde
tamañomoderado,corrientessinuosasquelocalmentepreservanmorfologí-
as de derramey «serollbars’>. Lascorrientesestudiadasde la partesuperior
de laFm. Moolayembermuestranunarelaciónespesor/ anchurade 1:9.

Palabrasclave: Triásico,Cuencade Bowen,Australia, elementosarqui-
tecturales

INTRODUCTION

Tite BowenBasin of easternQueenslandis aPermo-Triassiesedimentary
basin,whichwas positionedbetweenan activeorogeniebelt tu tite east(New
EnglaudFoIdBeilt) ¿mda stabiisedcratonte tite west (Fig. 1). TiteNew En-
glandFold Belt was formedin aconvergentmarginsetting activeatvarious
timesbetweentite DevonianandLate Triassic(Coneyel al. 1990,Fergusson
etal. 1994).TiteBowenBasinis contiguoussouthwardwitit tite coevalGun-
nedahBasinandtite SydneyBasin (Fig.1). TiteentireBowen-Gunnedah-Syd-
neybasin complexspanssorne2000 1cm in lengtit andattainsamaximum
preservedonsitorewidtit of ca. 200 1cm.

Titehasinbistuiy canbe divided into titreemajorpitasesof development
cornmencingwitit an EarlyPermianextensionalpitase,amiddlePermiansag
pitase¿mdaLatePermiante MIt) TriassicForelandbasinNase(Ziolkowski
& Taylor 1985,Fielding 1990). Tite currentpaperis concernedexclusively
with sedimentéaccumulatedduringtite forelaudpitaseof basindevelopment.

TRIASSIC STRATIGRAPHY

Tite stratigrapliicnomenclatureof tite Triassicunits in tite studyareais
summarisedin Fig.2 togetiterxvith summaryinterpretationsof depositional
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Fig. 1 —Locationmapof tIte I3owenBasin. l3owen,SydneyandGunnedahbasinsconstitutotbe
forelandbasincomplexto UseNew EnglandOrogen. Dnring theTriassictIre basinswereboun-
dedby stablecratonicmeasin thewestandtIre activeorogenin tIre east.
ng. í —Mapadeloca]izaciónde la CuencaHowen. LascuencasdeHowen, Sydneyy Gunnedah
constituyenel comptejode cuencasde antepaisdel orógenode NuevaInglaterra. Duranteel
Triásicoestascuencasestabanenmarcadasporunazonadecratónestablea] oestey un orógeno
activoenel este,,
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Fig. 2.—Momcnclaturaestratigráficaparae) Triásicoy unidadescontiguasenla CuencaBowen

environmenté.Stratigraphicunitsaredefinedby signifieant citangesin grain
size andsedimentcomposition.Palynologyis tite most successfulbiostrati-
grapitietool for tite successionexamineditere, dueto anearabsenceof stra-
tigrapitically signiificant macrofossilsor otiter microfossils. Biostratigrapitie
resolution,itowever,remainslow, partlydueto alackof compreitensivebios-
tratigrapiticstudiesof tite Triassicsuccession.

Tite successionis consideredby mostworkersto be entirelynon-marine,
coinprisingaJiuvial and lacustrinedeposits(Jensen1975) altitougit tite rare
occurrenceof spinoseacritarcitsir, somemudrockintervalshasled somere-
searchersto suggestmarineint’luencesfor partsof tite succession(Seitroder
1988,Buteiter 1984). Baker, Kassan& Hamilton (1996) recentlypresented
astudyof stableisotopesfrom oneacritarcit bearingintervalof tite Rewan
Group,and concludedan entirelynon-marineorigin.

Sedimentderivationthrougitoutmostof tite basin’s forelaudpitasewas
frorn tite tectonicallyant) voicanicallyactive¡oíd be]t to tite east.Titis can be
sitown by botit palaeocurrentanalysisand petrographicstudies(Fielding
1990, ]3aker et al. 1993). Tite Early TriassicRew¿mGroup ir particular
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showsevidenceof derivationfrom tite activeNew EnglandFoldbelt, sucit as
tite stronglyvolcanie-lititie compositionof sandstones.A significantcitange
occurredin tite ClematisGroup of Middle Triassicage <Anisian), witicit is
quartzoseandxvas derivedfrom tite cratonie<western)sideof tite basin. Tlíe
MoolayemberFormationwas deposited in fluvial aud lacustrineenviron-
merits,receivrngsediinentfrom botit margiusof tite basin,ant) witbin tite cu-
rrentstudyarcaaLo from a majoraxial sedimentdispersalsystem,deriving
detritusfrom tite nortitemBowenBasin <Alcock 1970).

STUDY AREA AND METHODS

Sedimentéof tite RewanGroup,ClematisGroup ¿mdMoolayemberFor-
mationwerestudiedat outcropandin drilí corein an areaca. 100kmnortit
of tite townsitipof Injune in eastcentralQueensland<Fig.3).

Tite ClematisGroupis exposedas a continuousridge of mesas(Carnar-
von Range)withverticalcliffs alongtite nortitern¿mdeasternlimits. Tite Re-
wan (iroup forms adjacentlowlands in tite nortit ant) eastand tite Moola-
yemberFonnationis exposedpoorly in tite low, itilly eountryin tite imme-
diatewest¿mdsouthof tite Clematisexposures.

Ah outcropsweresubdividedinto lititofacies (cg Sp-planarcross-bedded
sandstune)closely following Miail’s (1978) nolation, ¿md genetiefaciesas-
semblages(cg. PF-proximalfloodplairi assemblage).Detailsof tite faciesseite-
me areprovidedin Kassan(1993>. Whereverpossible,controlledpixoto mo-
salesx’¿eretakenof laterallyextensiveoutcrops.Titesexverelatertracedto de-
lineatetite externalant) intemalgeometryof sedimentbodies.Classification
of architecturalelementsfollows Miall’s <1985> schemewith modifications
<Table 1). Vertical sedimentologicalsectionswere measuredat accessible
pointa alongtite outcropsto provideinformationon lithology aud fadiitate
correlahoribetweenoutcropant) drilí core. Palaeocurrentdirections were
measuredwhereverpossible ant) categorisedaccordingto tite different en-
rrentgeneratedsedimentarvstructures.

REWAN GROUP

Tite Rewan Group comprisespredominantlyred ant) variegatedmu-
drocksant) greenislicross-beddedlite ant) volcanie-lititie sandstones.Tite
uuíit is distinctfrom tite underlyingPernvtiansuecessionby tite abseneeof co-
als ant) tite red colorationof tite mudrocks.

Ir, the south-westof tite basintite baseof tite RewanGroup is gradational
witit tite underlyingPermianBandannaFormationant) is pickedattite top of
tite itigitest coal seam,sinceotiter lititofaciessitow no distinetionbetweentlíe
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Fig. 3.—Studyareain Usesouth-westof Useoutcropbelt.Locationsof exposuresdiscussedir, Use
currentstudyareshown.
Fig. 3—Zonadeestudioal suroestedelcinturónaflorante.Se muestranlaslocalizacionesdelos
afloramientosquesediscutenenel texto.

two units. TheRewanGroup is apparenflyconformableat outeropwitit tite
BandannaFormation.Palynologiealstudiesyielded Late Permianagesbr
tite Lowestpartof tite RewanGroup(Foster1983> ¿mdtite baseof tite Rewan
Groupis consideredto be diacitronous.An unconformitybetweentiteRewan
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Element Syinboi Lit$ofariesAssr>nblage Geomets’y’ anil CommenLs Rew Círmn Mocil

massive,laminatedandcu-
rrent deposited rnudrocks
andmatrix rich, flaserand
lentientar lamuinatc,d fine
grainedsandstones
rippie cross-Iaminatedand
small scale cross-bedded
fine to rarelymediumgral’
ned sandstone;interlami-
nated sandstoneand grey
mudrockwith asuiteof in-
terlainination structures
(fiases’, linsen, etc.>, Iami-
natedgrey mudrocks
nsassiveand ripple cross- ¡
lamninated fine grained
sandstoneswith occasional
iilterlamninati<)fl of mu-
drockneartopof thennit
Planar and trough cross-
beddedfine to mnedium-cu-
arse sa.ndstonesand fine
grained ripple cross mmi’
natedsandstones.

Planar and trough cross-
beilded rnodium to coarse
grainodsandstones,locally
very large foresetsarede-
veloped.

Planar aud trough cross-
bedded sandstones.ripple
cs’oss-]aminationandinter-
lainination structus’es oc-
cur irm interbediled fine
grained sandstonesnial
mudrocks.
Massive and fa.int]y cross-
beddedfine grainedsaud»-
tone interbediled with
massive amI s’ipple cross-
laininatedmudrock.s

massiveaud stratlfied gra-
miletopebbleconglomera-
tos,mostly clastsupported

Concave-upbaseand fIat top-
ped, or sheet-like. Locally
mottled, possibiy indicating
te devetopmentof soil profi-
les
Alternating laterai]y extensi-
ve thia sheetsaná/or~vedges
of sandstoneaad muds’ock.
Sharpbaseandtop. Sedimen-
tary structure.srefloút deposi-
tina by currentactionanil of-
ten subsequentdeformation
dueto dewateringeffectsdu’
ring compactiosí

Laterally extensivethin sand-
botes,sharpos’ erosi~’cly ba
sedwith sbarpto gradational
top, entirely encasedin over-
bankmudrocks(ElementFD)
Lerisoid often with ivel] deve-
loped «wiugs». Erosivo base;
both convcx-iip audco,ícave-
np tops occur.Intertíal as’cbi-
tecturemaybesimpleormd-
tistorey
Lensoidoftenwith wel.l deve-
loped wingsí. Erosive base;
both convex-upanil concave-
up tops occur.Interna] archi- ¡
tectureLs dominatedby large
foreset laminae, accreted iii
downstream direction. Sim-
píeBarsof Alíen (1983>
Erosiveconcave-upbasewith
ofren well developedlags of
mudrock rip-np clasts. ínter’
na] architecture often com-
plex (muitistos’ey>. Com-
monly cont.ain SE, GB, FM
anil FI)
Latera¡lystackcdlensesof mi-
xed Iitliology occurringmcli-
sial atca. 2(Y to thedepositio-
ha] horizontal.Oip directiono~
inclined sts’atific.ation is cribe.-
rent within individual lenses,
butmaydiffer markediyfrom
HS by lhnitedlateralextentof
individual beds(<4.0 ir,>

Sheetsand tiiir, lensesof gra-
miule conglomorate
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Table 1 .—.—As’chitecturai e]ementsandtheir relativesiguificancein the threemajorstratigraphic
imita of theTriassicin Uve study aren(m=minov, M=ma3or, D=dosninant>.
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Group ant) unt)erlyingPermiansedimentéis alsoindicatedenregionalseis-
mie lines in tite soutitern part of tite basin, and from detaileddrilí core
analysis.

Overalípoor exposureof tite RewanGroupandfocusof this studyon tite
Clematis Group, prolilbited detailed study of Rewan Group set)imentary
rocksover mostof tite areaof study.A seriesof laterally extensiveexposures
atthe southernapproacitto Arcadia Valley areiteret)iscussedtoillustratefe-
aturesconsideredto be citaracteristiefor tite Arcadia Formationovermucit
of tite westernpart of tite BowenBasin.

DESCRIPTION

Rewansedimentéof titeArcadiaFormation(Jensen1975> werestudiet)in
a successionof roadcuts (RewOOO1 & RewOOO2) and natural exposures
(RewOOO3)nearLonesomeNationalPark in the extremesoutit-westof tite
outcropbelt (Fig.3). Here, tite lithology is dominatedby reddisit to chocola-
tebrownsiltstone,witit interbedded,pret)ominantlyshawbount)edbodiesof
greenisitgrey, fine to medium grainedvolcanielithie sandstone.Titesands-
tonesvaryfrom friable to tightly cementedby quartzcement.A stratigraphic
sectionlogget) in a gully exposurenearLonesomeNationálPark (locality
RewOOO3,AMG 824787,Siteet8647) illustratestite verticalsequenceaspects
of tite unit in titis area(Fig. 4).

[)iscerniblesedimentarystructuresin tite siiltstonesare mainly restricted
to palaeosolfeaturessucit as rootiet penetratedhorizonaandmottied ligitt
grey-reddisitlayers. Siltstunesare interbeddedwitit conspicuousligitt grey,
poorlycementedcoarsesilt-veryfine sant)layersof 5-30cmtitickness.Struc-
turesarepreservedvery poorly in this labile lititology. Overall fine-grained
sedimentédominateover coarserclasties. Sedimentarystructuresin tite
sandstonesaredominatedby mediumsealetroughcross-bedding,ripplesant)
desiccationcracks.Trainsof rip-up elastsoccurattite baseof somesandsto-
ne units, indieatingreworking of cohesivesubstrateduringcitannel incision.

TNTERPRETATION

Examinationof faciesassociationsat RewOOO3(Fig. 4) revealsalternating
in-citannel depositéant) fioodplain facies (proximal ant) distal). Titin inter-
valsof very fine to fine grainedsandstunewithin thick unlts of floodplain fa-
cies are interpretedas distal partsof splay deposité.Cross-bet)dedcitannel
sandstonesarecommoulyeonformablyoverlainby bartup/citannelplug de-
posité, forming fining-up successions.

Ortitogonalpitotomosaicswereobtainedfrom outcropsRewOOO1 (AMG
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Fig. 5.—Outcropsketrhof exposuresRewOOOl andRewOOO2,tracedfrom orthogonalphoto
mosaics.Shadedintervaisdenotesandstone,restis redto chocolatebrownmudrockwith com-
mon developmentof palaeosolsDetai]sof interna]architecturearemost]y obseuredby cemen-
tationeffects.
Fig. 5.—EsquemadelasexposicionesdelosafloramientosRewQOOl y RewOOO2obtenidasdes-
defotomosaicosortogonales.Los intervalossombreadosindicannivelesdearenisca,el restore-
presentaniveles rojo-marrónchocolatecondesarrollode paleosuelos.Los detallesdela arqui-
tecturainternaquedanpocopatentesdebidoalosefectosdela cementación.

824794)ant) RewOOO2(AMG 826792,Siteet8647) ant) tracingsareprovi-
dedin Fig. 5. Sandstonebodiesarepoorly intereonnectedor offset stacket)
ant) isolatedby abundantfine grainedsediments.Citannel marginsarecita-
racteristicallysitarp ant) erodeinto abundantoverbankmudstonesor pre-
existing channelfills. Sandstonebodiesin tite ArcadiaFormationexhibit
complexinternalarehitecturedontnatedby elementéCI-I ant) SB (Table 1).
Palaeocurrentdirectionsfrom titesesedimentéindicatetransporttowardstite
north-east.

Otiter exposuresof ArcadiaFormationwereexaminedt)uring tite eourse
of titis study,but werenot of aquality conducivefo detalledanalysis.Some
of tite featuresdeterminedfrom tite betterexposedexamplescould berecog-
nisedin tite lower quality outcrops.The abundaneeof reddisit andchocolate
brown mudrocks,tite citannellednatureof coarsegraineddepositéant) tite
voleanie-lititie compositionof tite sedimentéareubiquituusfeatures.

Tite depositionalstyleof tite describedrocksis characterisedby:
1. abundanceof fine grainedoverbankdeposité(elementFD>,
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2. poorly interconnededsant)stonebodies, dominatedinternally by cu-
rrentgeneratedlower flow regimestructures

3. evidenceof temporarysubaerialexposure,
4. unimodalpalaeocurrentdirections.
Lateral aceretionsurfacesof point bars are interpretet) in outerops

RewOOO1 ant) Rew 0002,witere inclinediteterolititic stratification(lliS) dips
at45’ to 90’ to tite prevailingpa]aeocurrentdirection.No palaeocurrentrea-
dingsof smallerscalesedimentarystructurescoult) beobtainedfrom tite IHS
bedsto t)frectly confirm thepresenceof lateralaceretion.

Titepresenceof poorly intereonnectedsant)stonebodiesimplies episodie
disehargeandlorfrequentandrapid citannelswitcitingcomparedto tite local
subsidencerate.To accountfor tite limited lateralextentof citanneldeposité,
astrongcontributionof verticalaceretionitasto be inferred.

Thesecitaracteristiesare proposedto be typical for anastomosingrivers
by Smith & Smith (1980). Scitumm(1981) pointéout titat citangefrom one
type of citannelto anotiter(meanderingto anastomosing)will dependon th-
resholdvaluesfor slope ant) sedimentsupply. A meanderingfluvial system
that exists under conditionsvery closeto tite thresitoldmaychangerapit)ly
ant) repeatedlyto anastomosingandback,reaetingtu relatively minor citan-
gesin set)imentsupply, slopeor vegetationcover.

Basedon tite evidencepresentedaboye, tite depositionail environment
proposedfor tite Arcadia Formationof tite RewanGroup in tite soutit-wes-
ternpart of tite basinis ahigit sinuosityfluvial system,accumulatingcoarse
sedimentby lateralaccretionant) downstreamaceretion.Individual citannels
wereof tite orderof tensof meterswideant) severalmetersdcep.Accumula-
tion was most significant (l~ volume of sediment) in inter-channelareas,
witicit weresubjectto desiceationant) soil formation punetuatedby intermit-
tentflooding eventédepositingfine grainedsant)sant) muds.No well develo-
pedleveescould bedocumentedfrom the outcropsstudiet).Titesourcearea
for set)imentwas tu tite soutit-westof tite stut)y areaant) of siliceousto inter-
mediatevolcanieprovenanee.

CLEMATIS GROUP

Tite exposuresstut)iet) itere form tite southernmostouteroplimit of tite
Clematis Group on tite cratoniewesternside of tite basin.Tite Clematis
Group in tite CarnarvonRangeareawasdivided into two componentforma-
tions by Jensen(1975). Titestratigrapbicallylower GlenidalFormationcon-
tainsasignificant, but upwarddecreasingamountof interbeddedmudrocks
in a sequenceof quartz- ant) lititie wackesant) quartzarenites(sant):mud=

3:2, Jensen1975>.
Titecurrentstut)y foeussedon tite ExpeditionSant)stone,wbicit compri-
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sesfine-grainedquartzarenitesto quartzosegranuleconglomerateswitit su-
bordinateamountsof interbeddedgrey ant) red mudrock,witich oeeurspre-
t)ominantlyas titin partingsant) smalltenses.The upperpartof tite Expedi-
tion Sandstonemarksa significant reductionin grainsizeant) depositional
energyant) consistéof fine-grainedripple cross-laminatet)quartzosesant)sto-
nes ant) interhet)t)ed laminated ant) bioturbated,partly organic-richmu-
drocks. Jensen(1975> exeludedtitese finer lititologies from tite Clematis
Groupant) regardedtite ExpeditionSant)stoneas acoarsening-upunit.

Severalpitotomosaleswereobtainet)from laterallyextensiveouteropsee-
tions of tite Expedition Sandstonein tite CarnarvonRangestudyarea,loca-
tionsaremarkedin Fig.3. Architecturalelementérecognisedin tite Clematis
Group in tite stut)y areaare summarisedin Taible 1.

LOWER EXPEDITION SANDSTONE(OUTCROP CLEMOOOl>

Exposureof ClematisGroupsedimentéin aroadcutat MoolayemberDip
[AMG 5752148;Siteet8647 (Arcadia); see Fig.3for ~osition] is continuous
Sorsorne100 rnetre,s.A laterálpitoto mosajewasobtainet)frorn titis outcrop
ant) is sitown in Fig. 6 togetiterwitit asealedrawingof tite interpretation.

Tite outcropis dominatedby coarsetu met)ium-grained,cross-bedded,
quartzosesandstone.Finetu very fine sant)stonearid greyant)variegatedmu-
drock occur in subordinateamounts ant) are restrictedpret)ominantlyto
smáll lensesandthin, laterally discontinuousbeds.Mudrock alsooccursas
elongateroundet)rip-up clastsup to 35 cmlong (average2-5 cmlong). Gra-
nuleconglomerateoecursin tltn lensesant) siteets.

Fourordersof bount)ingsurfacescould be differentiated:
1. Surfacesseparatingcosetéof cross-bedt)edbedforms[first-order sant)-

bodies]
2. Surfacesenvelopinglensoid second-ort)ersandbodies,incorporating

severalcosetsant) exitibiting a sealloped,concavebaseanda straighttop.
3. Surfacesenvelopingoneor moresecond-ordersandbot)iesforming a

third-ordersandbody.Thesemayitave asynmxetricallyconvex-upbasesand
irregularsitapes,wheretheyhavebeenpartly erodedby overlying unité.

4. Surfaces enveloping several tl-íird-order sant)bodiesant) forming
fourth-orders¿mdbodies.Theoveráil morpitoiogyis typically siteet-like.One
marginof a fourtit-ordersandibot)yis exposedant) displaysa steppedant)ta-
peredmorpitology. A ininimum of titree third-ordersant)bot)iesareexposed
in tite outcropt)iscusseditere.

Delineationof thirt)-ort)er bount)ingsurfacesis often ambiguous,owing
to tite eomplexstackingpatternsattitis level. Tite two-dimensionalnatureof
exposurein titis outcroppreventedtite measurementof reliablepalaeocu-
rrent readings.Readingsobtainedatastratigraphiclevel immediatelyaboye
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ant) to tite nortit of tite roadcutsitow westerly current t)irections for botit
small (<100 cm) ant) large((100cm)structures.Despitetitesmallnumberof
readingsobtainet)titis is interpretet)to reflectpret)ominantlydownstreamac-
eretionin westflowing streams.A transportdirection alongawest-eastaxis
is aLo supportet)by severail small ehannelcross-sectionsin tite roadcut
(witich trendsnortit-soutit>.Titeobservedgeometriesin titis outcroparetite-
reforediseussedin tite contextof awestwarddirecteddrainage.

Altitougit no fourtit-order sandstunebody is exposedover ité entire
width, tite geometryof fourtit-ort)er lititosomesis clearly siteet-likewitit a
titicknessto wit)tit ratioexeeet)ing1:30.

INTEiIPRETATION CIIMOOO1

Mostof outcropClemOOO1 representéin-citannelset)imentaceumulation.
Tite discontinuous,titin fine memberdepositéareinterpretedas low flowsta-
ge drapedepositéant) plugs of abandonedpartsof tite citannel. Furtiter in-
formationon tite t)epositionalenvironmentis gainedfrom examinationof the
faciesarcititecture:

Five architecturalelementéwere identified: FO, SB, FM, CH, and GB.
Despitetite limited numberof arcititeeturalelementétite depositionalstyle
observedis complex,witit numerousmutually intersectinglower ordersant)-
bodies.ElementSB dominatessandbodiesof aill bierarciticalorders.

No fuil crosssectionsof largechannelsarediscernible.Muitiple pitasein-
lUís of coneave-upscoursof fourtit-ort)erboundingsurfacesareinterpretet)to
resultfrom macroformsinfilling «itollows» (sensuFriend1983). Tite reliefon
fourtit-order iboundingsurfacescomparedtu tite size of third-ordersandito-
diessuggestétitat fourtit-ordersurfacesrepresentchannelbases.Tite absence
of clearcitannelcrosssectionsis attributet)to tite relativelysmallsize of tite
outcropcomparedto tite anticipatedwidtit of tite citannels,ant) tite uniformly
sant)ynatureof sediment,resultingin a loss of t)istinctionbetweenin-ehan-
nel depositéant) inter-citanneldeposits.

Fig. 6.—Pizotomosnieandinterpretation(line tracing> of outcropClemOOOl (clematisGroup>.
Fourth-orderboundingsurfacesareshownasthick linos.Theexposureis dominatedby mediura
tu coarsegrainedquartzosesandstonewith minos’ granuleconglomerateoccurringat Usesout-
líern end. A minimum of threefourthordersandbodiescanbedifferentiated.Internalarchitec-
tureis complex,with someevidenceof latera]accretionsurface.s(L). Senlebarenunetracing=l
metre,no verticalexaggeration.
Fig. 6.—Fotomosaicoeinterpretación<linea detrazo)del afloramientoclemoool (Grapocíe-
matis).Lassuperficiesdecuartoordenquedanindicadasmediantelineasgruesas.La exposición
estádominadaporunaareniscadegranosdecuarzodetamañomediocona]gunoscantoscon-
glosneráticosapareciendohaciael extremosur. Puedenllegarseadiferenciarnivelesdearenisca
detercery cuartoorden.La arquitecturainternaescomplejaconalgunaevidenciadesuperficies
deacreciónlatera] (L>. La barradeescalaequivalea 1 metro,no habiendoexageraciónvertical.
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Aceretion of sedimentoccurredpret)onúnantiyin a t)ownstreamdiréc-
tion. Altitougit no reliablereadingseoult) beobtainet)from tite exposure,the
attitudeof foresetdirectionsin tite outeropas well aspalaeocurrentreat)ings
from at)jacentstrataindicatesapret)ominantlywesterlydirecteddr¿Únage.

Possiblelateralaceretionis indicatedir, somepartsof tite exposure(L in
Fig. 6), witere titird-ort)er bount)ingsurfacesare inclined at steepanglesto
tite dominantflow direction.No indication of palaeoflowt)irectionscould be
obtainedin tite vicinity of titeseinclined tliird-ordersurfaces.However,small
sealecross-bedt)ingant) ripple cross-laminationoccursat apparent]ysteep
anglesto tite dip direction of someinelined thirt) orderboundingsurfaces.
Complex stackingof small ant) largesandybedformsis interpretedto itave
oceurredon compositebars similar to examplesdescribedby Ramos,Sope-
na & Perez-Arlucea(1986>.

Fluvial citanríelswere laterally mobile (sensuFrient) 1983>, resuitingin
complexstackingpatternsof facieselementéatitigiter levelsof itierarcity. De-
positionwas episot)ic, allowing accumulationof fine-grainedlititologies as
filís of abandonedchanneisbetweenflooding eveixté. Mudrock clastaincor-
poratedin erosivelagsdocumentreworking of carlier deposité.

Titebankfull deptit of tite streamscanonly be estimatedfrom thepreser-
vedheightof tite largestinclined depositionalsurfaces(possiblelateralacere-
tion atnortlí endof exposure).Deptitsexceeding2-3 meterswereoblainedat
leastin pat of tite channeis.

Basedon tite aboyefindings,tite rocksareinterpretet)to haveaccumula-
ted in a 10w sinuositychannelsystem,donúnatedby compount)barsacere-
ting sedimentin botit t)ownstreamant) lateraldirections.

EXPEDITION SANDSTONE(OUTCROPCLEM0002)

A controlled,nearortitogonal pitoto mosaicwas obtainet)atacreekex-
posurein Basin Creek<AMG 793905,Siteet8647 Arcadia).Titeouteropstri-
kesapproximatelynorth-south,at a steepangletu tite nortit-easterlypataco-
flow direction determinedfrom sparsepalaeocurrentdata. It exposesas tite
manfeatureasandstonebody witicit lensesoutto tite soutit ant) interfingers
wvtit grey, laminatedsiltétonesant) fine saíít)stonesfo tite nortit (Fig. 7).

Facies arehitecturesitows considerablevariation across tite outcrop,
whicit is aceompaniedby citangesin lititofacies. Two titirt) ordersandbodies
wereidentified in titis exposure(A ant) B in Fig. 7), witit sant)bot)yB erosi-
vely truncatingA.

Tite nortiternpart of tite outcropis t)ontnatedby laterallyextensive,rip-
píe cross-laminatedant) smallsealetrougit cross-bedt)ed,fine ant) very fine-
grainedsandstoneinterbedt)et)witit titin, creymudrockpartings.Deforma-
tion duringcompactionis interprctedfrom tite commonoccurrenceof pincit-
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ant)-swellmorpitologyof bedt)ingplanesant) smallsealesoft set)imentdefor-
mation.Mudrockslocally exhibit deformedstarvedripples.Partof tite nort-
iternmostextentof tite outcropconsistéentirelyof fissile, light grey, very fine
grainedsandstuneant) mudrock.Exposuredoesnot permitdeterminationof
tite geometryof titis lititosome.However,tite lateralextentis likely to be li-
mited due to tite sparsityof similar lititofacies in exposuresalong strike of
ClemOOO2.

Tite centralpart of tite outcrop containsseveral lensoidsecond-order
sandbot)ies.Titedominantlithology is met)ium-grained,mot)eratelywell sor-
ted, quartzosesandstone.Set)imentarystructurescomprisesmali ant) me-
diumsealetrougit cross-beddingant)minorsmallsealeplanarcross-bedding.
Rip-up clasté of grey very fine sandstuneant) mudrockoccurpreferentially
alongerosionalcontacté.

Overalí, set)imentarystructuresarepoorly to moderatelywell preserved
ant) in mostcasesareonly discernibleby occasionalforesetlaminaesitowing
a negativerelief. Titis precludesfor tite mostpart tite collectionof palaeocu-
rrent reat)ings.Determinationof tite predominantmodeof sedimentacere-
tion (downstreamvs. lateral aceretion)consequentlycarriessornedegreeof
uncertainty.

Titesoutiternpartof tite outcropis dominatedby athird-ordersant)bot)y
(13, sitown sitadedin Fig. 7>, witit arelatively simple internalitierarchy. Tite
lititology is predominantlymediumto coarse,mot)eratelywell sortedquart-
zosesarídstune,witit occasionalvery coarseant) granu]e-grainedforesets¿md
lenses.Set)imentarystructuresaremostlyobseuredbycementationof tite ex-
posedsurfaces,but trougit ant) planarcross-stratificationcoult) be identified,
aswell asgrey mudrockclasté,concentratedalongerosivesurfaces.

INTERPRETATION OF OL’i’CROP CIrMOOO2

Analysis of tite featuresdocumenteditere allows tite identificationof se-
yeralcitaracteristiesof tite deposité:

No clear citannel cross-sectionsare discernible. SandbodyB, itowever,
canbeseentotruncatethird- ant) lower orderboundingsurfacesof sandbody
A. Corroboratedby tite citangein faciesassemblageant) areliltecturebetwe-
entite two sant)bodies,sandbody13 is interpretedas tite marginof acitannel
belt cutting into depositéof environmentéperipiterál to citanne] influenee
(discusset)below).

Tite shallowangleof erosionof tite citarmel marginis consistentwitit the
non-cohesivenatureof tite coarsegrainedsubstrate.No informationon tite
sinuosityof tite channelcan be gained from titis exposure,as only a small
partof tite channelis exposed.

Someelcmentof systematielaterálmigrationof maeroformsis indicated
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by largesealeinclinedthirt)-ort)ersurfacesiii sandbodyB. Thesparsityof re-
hablepalaeocurrentdalafrom the outeropproitibits confirmationof lateral
aceretion.Titepresenceof possiblelateralaceretiondepositéis, itowever,not
takenfo neeessarilyindicatedepositionin higit sinuosityeitannelsor on point
bars. Bristuw (1987) sitowet) titat lateral aceretionon largebarformsant)
citannelmarginsformsamajorset)imentaceumulationprocessin tite braided
BrahmaputraRiver. Tite non-coitesivenatureof tite substratein theexposu-
re ant) tite overalíprevaleneeof coarsememberdepositéwititin tite Expedi-
tion Sandstonearehereconsideredunconducivefo tite t)evelopmentof stable
higit-sinuosity(meandering>citannels.

Tite lateral equivaleneeof elementHS (iteterolitisie siteet)witit coarser-
grainedant) more erosivelyboundedarchitecturalelemeníSB (sant)ybed-
forms) indicatesthe eontemporaneousformationof botit lititosomest)uring
tite accumulationof tite ClematisGroup in this area.Tite prevalenceof fine
memberdepositsant) set)imentarystructuresindicative of lower transport
energiesin areititecturalelementHS (iteterolithic siteet>supporttite interpre-
tation of Kassan& Fielding (1990), wito regardthistu representdepositéof
a channel.beltmarginenvironment.

Successionsof interbet)t)et)sandstonesand mut)rock (elementHS) huye
preservationpotentialin tite upperpart of tite ClematisGroup (Expet)itions
Sandstone),in titis area.Similar occurrencesof interbet)dedlititologies are
documentedfrom a comparablestratigrapbichorizonin tite fully coredsfra-
tigrapitie boreitoleGSQ DRD 20/21R,sorne15 1cm tu tite nortit (FIG 3).

UPPEREXPEDITION SANDSTONE (OUTCROPCLEMOOO8)

An outcropof pret)ominantlyfine-grainedquartzoselititologies occurs
neartite top of the dip slopeof Clematiscuestasat MoolayemberDip (AMG
584144,Siteet 8647 Arcadia>. Approximately7m of sectionare exposedin
severalsmall, xvest facing cliff faces.

Tite baseof tite outcrop is fomied by lm of thin-bedded,ligitt greysilté-
tonewitit minor interbedt)edlensesant) laminaeof fine quarLzosesant)stone.
Sedimentarystructuresaregenerallyobseuredin tite siltétones,dueto recent
xveathering.Colour mottling canbe observedlocally, witere exposureis less
weatherccl.

Titis gradesupward abrupfly into titin-beddet) fine-grained quartzose
sant)stonesxvitit titin siltétonepartings.Set)imentarystructuresin tite sant)s-
Ionescomprisecurrent-ripplecrosslamination, combinedflow ripple, wave
ripples, fiat lamination,trough cross-beddingand low anglelamination, in
decrcasingorderof relativeabundance.Bedding planescommonlyundulate
at botb small and 1 argeseale.Synaeresiscracksand tracefossils canbe ob-
servedon exposedbeddingplanes.
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Someexposuresexitibit possiblesmáll sealeitmnimocky cross-stratifica-
tion (FJCS).Titesewere identified basedon tite associationof fiat ant) undu-
lating laminationant) tite reworkingof bedtopsinto combinedflow ripples.

Tite depositionalenvironmentis interpretedfo havebeenon tite margins
of alake of suffieientsize ant)/ororientationto obtainwave fetcit. Bioturba-
ted itorizonsindicateperiod.sof non-depositionor slowset)imentaccumula-
tion. Sma]1 salle l-ICS is attributedto occasionalincreasedwave energies
(stormactivity).

MOOLAYEMBER FORMATION

An areaof exeeptionailygood exposureof tite MoolayemiberFormation
lies in tite soutitwestof tite currentTriassicoutcroplimit of tite BowenBasin,
in tite Carnarvon Ranges(Fig.3>. Tite MoolayemberFormationtypically
formsundulating itilly countrybetweentite cliff formingClematisGroupand
theunconformablyoverlyingJurassicPrecipiceSandstune.Exposureis com-
monly restrictedto creeksandroadeuté.

Alcock (1970) undertooka compreitensivestut)y of tite Moolayem.ber
Formationin tite CarnarvonRangeareaant) concludedtite depositionalen-
vironmcnt to be estuarineto fluvio-deltaic. Felton (1985) cameto similar
conclusionsin an area30 1cm soutit of tite currerststudyarea.Botit workers
subt)ividedtite Formationinto upperant) lower memberson tite basisof ob-
servedfaciesassemblagesandmudrockto sandstoneratios. Tite lower part
of theMoolayemberFormationis characterisedby titiniy interbeddedquartz-
lititie sant)stonesant) mudrocks,witiJe tite upper part comprisesinitially
titick-beddedcross-laminatedsandstonesant) gradesupwardinto a mudrock
dominatedsequencewith rare lititie sandstunebet)s ant) lenses.

Sedimentéof tite MoolayemberFormationwerestudiedat 10 outcropsin
tite area.Only oneof titese wil] be discussedir, detail (MoolOOO2),ant) two
others(MoolOOO9and MoolOO 10) arebriefly referredto itere. Outcropsare
composedof yellowisit grey quartz-litbic,micaceoussandstones(in excessof
40%lititie component>interbeddedwith light greyfo darkgreysiltétunesant)
very fine sant)stones.

Arcliitectural elementéidentified in outcropsof MoolayemberFormation
sedimentéin tite CamarvonRangesaresummarisedin Table 1.

LOWER MOOLAYEMBER FORMATION
(OUTCROPSMOOLOOOY/OOíO)

Outcrop MoolOOO9 is situafed in tite cutbank of Basin Creek (AMG
789927,Siteet8647 Arcadia), SOmdown-dip (equiválentto 1 3m of section)
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from tite lastprominentexposureof tbick-bet)t)et)ClematisGroup sant)sto-
nes.OutcropMoolOOlO lies 4Cm tothe north approximatealongstrikefrom
MoolOO9.Exposedfaciesaresimilar in botit exposuresant) will bet)iscusset)
togetiter,witeret)ifferencesexisttitey arepointedout.

Tite outcropsaredominatedby laterally extensivebet)sof mediumgral-
nedlititie ant) micaceoussant)stones(coarsemember),interbeddedwitit ligitt
grey mudrocks(fine member>.TogetitertheseformarcititecturalelementHS
(heterolititie sheet) ant) alí of outcropMoolOOO9 as well as tite majority of
MoolOO10 is assignedto tbis element.

Fine membersedimentécomprisesiltétonesto veryfine sant)stonesexhí-
biting abunt)antcurrentripplesant) lenticularant) flaserbet)ding. In tite sub-
surfacetite lowermostMoolayemberis comprisedof very t)ark grey, fine-
grained mut)rock sitowing extensive signs of bioturbation (Snake Creek
Mudstone).Titis lititology doesnot cropout in tite CarnarvonRangearea,
but can be examinedat outcropnearCarnarvonGorgeNationalPark sorne
50 km west,andwas penetratedin t)ri]l corewitltn tite soutit-westernstut)y
areain GSQ DRD 20-21R.

Coarsemembersedimentécomprisesandsfonescontainingabundanteviden-
ceof currentaction sucitas ripple cross-laminationant) trougit cross-bedding.
Featuresof extensivereworking,sueitasrip-up clastconglomeralesant) erosive
pebblelagsarelocally restricted¿mdoccuratMcolOO10, witeretheyformpart
of elementCH. Tite mostt)ominantfeatureis tite greatlatera]extent(>10Cm>of
isdividual sandsiteelswiticlí mosllydo not exceed0.2-0.3mtbickness.

INTEEPRETATION

Sedimentéof tite lower MoolayemberFormation reflect depositionin a
10w energyenvironmentas manifestedby abundantfine-grainedsedimenté
ant) tite seareityof erosivefeatures.Tite depositionalstyle is very mucit «la-
yer cake» ant) is only occasionallyinterruptedby strongly erosiveevents
(mudclastconglomerates)- An environmentwitit a donllnant lacustrineor
marginalmarinecomponentis consistentwith titesefeatures.

Aleock (1970) concludedan estuarmneenvironnientfor tite lower Moola-
yerniberFormation.Tite marginal marinesetting inferredby Alcock (1970)
could not be substantiatedin tite eurrentstudyt)ueto tite absenceof anyclear
marineindicatorssucit as macrofossils,microfossilsor clearevidenceof tidal
activity. Tliis not only appliesto Ihe CarnarvonRangestudyareat)iscussedin
tite currentpaper,but aLo tu olher arcasof titebasinincludingtite easternha-
sin margin¿mdtite southernsubsuirfacepart of tite basin (Kassan1993).

Tite lower MoolayemberFormationin tite stut)yareais itere interpretet)to
haveaccumulatednearlite marginsof alargeopencirculation lake, in an area
citaracterisedby acomplexfaciesarrangementarisingfrom inter-t)igitatingne-
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arsitorelacustrineant) fluvial environmenté.A narrowembaymentin tite lake
marginwilh oneor morestreamsenteringwould constitutesueitasetting.

UPPERMOOLAYEMBER FORMATION
(OUTCROPMOOLOOO2)

OutcropMoolOOO2 (AMO 630080,Siteel 8647 Arcadia> is oneof a series
of roadeutéon tite CarnarvonDevelopmentRoad,witicit form tite typesee-
tion of tite MoolayemberFormation.Exposurein outcropMoolOOO2 occu-
piesastratigrapiticpositionin tite upperpartof titeMoolayemberFormation
in titat area.Tite roadeulexposesa completecrossseetionof a citannelant)
tite adjacentfloodplain sediments.Exposureis mostcompletealongtite eas-
tern side of tite CarnarvonDevelopmentalRoad. Palaeocurrentdirections
from tlviis outcropindicateasoutit-easterlytu southerlydrainage.

A controlledortitogonalpitoto mosalewasobtainet)of tite easternsideof
tite roadcutant) usedtu delineatetite architecturalelementé(Fig.8,a).

Five areliltecturalelementéwere identified: FO, SS, HS, LA, CH (Table
1). Fig.8,bsitowsa tracingof tite pitoto mosale,annotatedwith tite observed
arcititecturalelementé.Titeouteropcanbedividedinfo four componentparts
(Ato D), basedon tite geometryant) compositionof tite sedimenté(Fig.8,b).

INTERvAL A

Greymudrocksant) veryfine-grainedsandstonesaretite t)ominantlitito-
logiesin IntervalA. Most of tite interval consistéof facieselementFD ant) ex-
lílbité rootletpenetrationant) ripplecross-laminationin titemudrocksant) in-
terbet)dedtitin bet)s of sandstone.Interbeddedsitarply bounded, massive
sant)stonebedsnp to 0.4m titick are assignedtu elementSS. Titesearelate-
rally persistentfor some2Cm.

Tite assernblageof facies ant) arcititeeturerepresentédepositionir, low
energyconditionsoccasionállyinterruptedby higit energyevenlsdepositing
sitarpbount)edsant)stonesiteeté.Floodingant) sedimentaceumulationoccu-
rred sporadically,allowing tite developmentof incipientpalaeosolsin inter-
veningperiods. A proximál a]luvial floot)plain settingwitit occasiona]depo-
sitionof crevassesplaysis envisaget)tú accountfor titesedeposité.

INTERVAL B

Titis interval is citaracterisedby mounded(convex-up>iteterolitbiestrati-
fication (HS> of grey mudrockant) very fine sant)stone.Siltstonessitow po-
orly preservedrooflet penetration.Titin (maix. 0.1Sm) sandstonesiteetédip
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awayfrom thecrestof eonvexfeature¿mdwedgeout into laterally adjacent
sedimentéof proximal floodplain or lateralaceretionorigin.

Tite convex-upgeometry,iteterolititie compositionandtite intermediate
positionbetweenfloot)plainant) lateralaceretiondepositéleadtu interpreta-
tion of intervalE asalevee.

INTERVAL C

Some40mof lateral exposureoccursin interval C ant) exposescomplex
iteterolititie stratification, comprising grey mudrock ant) very fine-grained
sandstone.Tite entire intervalwasassignedto architeeturalelementLA (la-
teral accretiondeposité>.Tite internal geometryof interval C features«pac-
kages»of sediment,boundedby erosionalsurfacesinclined at l0’5 to 20’5 tú
tite depositionalhorizontal.Bedding t)ipsof titin sandstunesiteetéin adjacent
paekagesmaydiffer significantly ant) in somecasesexlíibit oppositedip di-
rections(Fig 8c).

Titepositionof interval C betweenleveeant) citanneldepositésuggestsan
environmentperipiteraltú tite mancitannelfUl. Consistentinclinationof ma-
jor internail re-activationsurfacessubparalleltú tite citannelmargin ant) at
steepanglestú tite dominantpalaeocurrentdirection adt)itionally indicatea
significantcontributionof lateral aceretion.ParIsof interval C canbe inter-
pretedas pointbardeposité,by analogywitit well documentedexamplesant)
modeisin tite literature(seereviewon tite tupic in Alíen 1982). Major erosi-
vesurfaces(epsiloncross-bedding)in titis instancerepresentmajordepositio-
nal episodessucit as flooding eventé,resultingin erosionant) rejuvenationof
lateralaceretiondeposité.In someinstancesconvex-upstratabount)tite up-
perterminationof depositionalpackagesant) canbeinterpretedas preserved
serolí ridges.

1-Iowever,packageswitit t)ip directionsof internalstratanearoppositetite
directionof dip on tite epsiloncross-beddingdo not conformwitit documen-
ted examplesant) establisitedmot)elsof pointbar deposition-

Lateralaceretionsurfacesof oppositeinclination occur in opposingalter-
natebarsin nearstraigittchannelsegmentéant) in adjacentmeanderloopsin
itigit sinuositycitanneis.An alternatebarorigin for tbeobservedpatternsap-
pearsattractivebut is fraugitt witb probleifis on detailedexamination.ínter-
val C documentésystematiclateralmigrationof acitannelpreservedasínter-
val lii). Systematiclateralmigrationof straigittcitannelsegmentéis unlikely as
no mecitanismis documentedtú aecountfor tite lateralmigrationof citannel
segmentéwithout an mercasein sinuosity.The thalwegin straigittcitannels
witit alternatebarstakesasinuouspatit, similartú ameanderingstream.La-
teral migration by mechanismsanalogoustú meanderingstreamswould re-
sult in oppositemigrationdirectionsfor at)jacentapexesof tite titalwcg, re-
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sultingin an increasein sinuosity.At)ditionaily, tite eonsistentinclinationof
re-activationsurfaceswith tite citannelmarginof intervalD is aLo incompa-
tible witit an alternatebar origin.

Fluvial meandersconstituteoneof tite beststut)iet)continentaldepositio-
nal environmenté.Míen (1982) providestite mostcompreitensivereview of
work on pointbars ant) free meanderingcitannelstú date. Jn particular tite
evolutionof individual meanderloopsis of interestitere. Míen (1982>recog-
msestwo principIemodesof pointbardevelopment:movementof tbemean-
der loop downstreamwitit approximatelyconsistentloop lengtit (changeof
phase>; or an increaseof íoop lengtit by migrationant) enlargementof tite
point barperpendiculartú tite axisof tite meanderbelt (changeofamplitude).
The interplayof botit mot)esprovidesacontinuousspectrumof loop evolu-
tion rangingfrom simplesymmetricaltú pitasegrowtit only (Fig.9>.

Tite developmentof individual meanderloops consequentlydoes not
itave tú follow a particularevo]utionarymode (changeofphaseor increasein
amplitude)for ité entireIII espan.Variationsin sedimentsupply,discitargeor
bed coitesiveness(say, dueto an increasein vegetation),wlll determinetite
bankerosionrateatanypointálongtite cutbankof ameanderíoopant) titus
directly influencetite relativeimportanceof changeofphaseant) increasein
amplitudetú meanderloop evolution.

Titedevelopmentof a pointbaris recordedin tite alignmentandsitapein
planview of seroilridgeson tite bar surface.Serolírit)gesaret)ocuimentedfrom
recentpointbardepositéant)classicalpublisitedexamplesincludetitoseof tite
Klartilven (Sunt)borg1956) ant) BeattenRiver <Hickin & Nanson1975>.

If tite relativecontributionsof botit evolutionarymodesremainapproxi-
matelyconstantovertite lifespanof an individual pointbar aseriesof subpa-
rallel serolí ridgesresulté, eacitrecordinga major t)epositionail episode.Me-
t)ium tú long term citangesin tite relativeimportanceof changeofphaseant)
increasein amplituderesult in arrangementsof packagesof serolí rit)ges on
tite bar surfacewith internally concordantserolí ridgealignment,but discor-
dancebetweenserolí ridges of adjacentpackages.An exampleof complex

Fig. 8—a) Orttogonalphotomosaicof outcropMoolOOO2, aruadcut in Use upperMoolayem-
ber Formation.View is tú Useeast.Personfor scale(1.8m>.
Inte.rpretation(unetracing> of MoolOOO2. Four majorintervals, characterisedby architectural
elementscanbedifferentiated.
Detall of interval c, which is interpretedto resiilt from complexlateral aceretion,preserving
someseríslí-barmorphology.
Fig. S.—a) FotomosaicoortogonaldelafloramientoMoolOOO2. lina carreteracortala partesu
pei’ior de la FormaciónMoolayember.La vista eshaciael este.Personadeescala(1 Sm).
b) Trazadodelineasinterpretandoei afloramiento.Puedendifereuciarsecuatrointervalosprin-
cipalescaracterizadospor elementosarquitectónicos.
Detalle del intervalo(2, interpretadocomoei resultadode unaacreciónlatera]complejaqueha
preservadoaLgunamorfologíadecordonesdemeandro.
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arrangementof scroll-rit)gesfrom areeentdepositionalenvironmeníis provi-
dedin Fig 10.

Interval C is interpretet)tú representlaterally accreteddepositéof a point
barwith multipitasedevelopmentassoeiatet)witit avaryingcontributionof a
changeofphasetú the meanderloop development.

INTERVAL. D

A sandstonebot)y of eross-beddet)quartz-lithicmet)iumant) firie-grained
sant)stoneswitit a concave-uperosivebaseant)afiat sitarptop forms interval
D. Tite ehannelniargin oppositeinterval£ (lateralaceretioncomplex)exhi-
bité amarkedstepant) overalí steeperangleof inclination. A sligitt fining-up
trent)is recognisedin tite sant)stonesant) tite top partof intervalD is formed
by a titin vencerof argiillaceoussandstunewitit no discerniblesedimentary
structures.Tite internadgeometrycomprisesseveralinternaderosionsuirfaces
boundinglower orderlenticular sandstunebodies.AII areattributet)tú facies
elementCH. Sedimentarystructurescomprisepredominantlytrougit ant)
planarcross-bet)t)ingwitit preservedsetheigitt rangingfrom 0.1 tú 0.3m.Lo-
at)ing structuresoccurlocailly as do small sa.ndstonet)ykes.

Interval 1) is interpretet)te representacitannelfilí of ameanderingcitan-
nel. Citannel abandonmentmusthavebeengradualas tite channelfUl is al-
mostentirelysant)stonedominated.Rapidabandonmentwould be expected
tu resultin tite t)evelopmentof stant)ingwaterconditionwitit assoeiatedfine-
grairíed sedimenté.

Tite citannelis exposedoverité entirewidtit (45 m> ant) mostof ité deptit
(3m>, aitlíougit thesefiguresmaybesligitfly distortedduetú apossiblynon-
ortlíogonalsectionwitit regardtú tite palaeoflowdirection,titey areconside-
red tú providea reasonableestimateof tite truevalues.

5[JMMARY

Depositionalstylesin Triassiccontinentalsedimentsof tite BowenBasin,
Qííeenslant)varysignificantiy in tite stut)y areabetweentite titreemajorstra-
tigrapluic unité: tite Rexvan Group,ClematisGroup ant) MoolayemberFon
mation. Fig. 11 summarisestite pertinentfeaturesof depositéfrom eacitstra-
tigrapisieiínit discussed.

The evolution of facies arcititecturein tite arenreflectécitangesin scdi-
mentcompositionanddispersalpatterns,whicit canbe recognisedbasinwide.
Fundamerítalcitangesin relativebase-levelant) sedimes’ítsuppíyareproposed
asthedriving foreeof majúrdiffercneesbetwecntite inain stratigraphicunits,
witile moresubtlevariationsin faciesarcititeeturewititin tite ClematisGroup
andMoolayemberFormationareinterpretedtú result frorn acombinationof
Local and l)as~nalfactors.
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Fig. 9—Modesof meandermigration (afterAlíen 1982).Modesarenot~nutuallyexclusiveand
mayvary in importanceUsroughoutUselifespanof apointbar.
Fig. 9—Formasdemigracióndeun meandro(deAllen 1982).Estasformasno seexcluyenunas
aotrasy puedenvariarenimportanciaduranteel tiempodeexpansiónde labarradepunta.

Laterallv restricted,sitarpbounded,poorly interconnectedant) moderate
sizedfluvial citannelsof Ihe upperRewanGroup (ArcadiaFormation)reflect
relatively itigit subsidenceratesin tite basinattite time. Titis is corroborated
by tite overalítiticknessof tite unUin tite depocentresof tite basin,locally ex-
ceet)ing3km thickness.Overbankarcasweresubaeriallyexposedleat)ingtu
commonformationof soil profiles.

Tite ExpeditionSandstone(ClematisGroup) in the CarnarvonRanges
comprisespredominantlydepositéof braidedsandyfluvial systems.\AJitile
no cross-sectionsthrougit entire citannels could be documentedin titis
study,an abundanceof int)irect evidencepointétú tite presenceof extensi-
ve citannelbelté in tite ExpeditionSant)stonein tite area. Developmentof
multi-storeyandmultilateral siteetsandstoneswasait)ed by tite sparsityof
coitesivesubstrate.In tite stut)y areaaccumulationwas initially dominated
hy downstreamaceretionon complexbarsin citannel.swith 10w interpreted
t)eptli tú widtit ratios.Lateralaceretionon tite flanksof sandybarformscan
tocally be inferred ant) maybayo contributedsignificantly tú set)imcnt¿te-
eretionoverail. Citarínelbelt marginspartly erúdesedimentéaccumulated
in arcasperipiteral tú tite influenceof channelsedimentation.Drainageas
indicated by fúresetdip t)irections was from tite nortitwest towardstite
soutit-soutiteast,thougit locally titis varied consideralMy,iríclíiding asigni-
ficant subsetof palaeocurrentdirections indicating a nortit-eastdirected
drainage.

Tite upperpart of tite ExpeditionSandstonecontainsa succcssionof fi-
ner-grainedsandstonesant) interbeddedmut)rocks,irídicating a significant
lowering of transport.energy.XVave generatedripples ant) combineul flow
structiíres resuitingfrom tite concurrenteffectof unidirectionalcurrentsant)
oscillatorywavesoccur in titis partof tite unU togetherwitit bioturbation.In
drilí coresa continuousfining-up of tite upperExpeditionSandstoneinto tite
finestpart of tite overlying SríakeCreekMudstonecanbeobserved(je. GSQ
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Fig. lO.—Scrollbarsof tbe modernSenegalRiver. Line tracingfrom a SPOTsatelliteimage.
The laterally accretedcomplexin outcropMoolOOO2 Ls interpretedto reflectaccumuiationby
comíílexmeandermigration, aspreservedin serolí ririgesalongtbe SenegalRiver.
Fig. 10.—Cordonesdemeandrodel rio adua]Senegal.Laslineasdeinterpretaciónestánti-aza-
dasdeunaimagenSPOTdesatélite.El complejoacrecionaldelafloramientoMoolOOO2sein-
terpretacomoel reflejo dela acumulacióndela migracióncomplejade un meandro,comolos
quesepreservanenlos cordonesdemeandrodel riu Senegal.

DRD 20-21R). Titis marksa relativerise of tite baselevel titrougitout the
soutit-westernpart of tite Bowen Basin ant) the establisitmentof lacustrmne
cont)itions (SnakeCreekLate) in titat area,witicit coincideswitit tite end of
tite influx of quartzosematerialant) tite citangetú tite litliic andmicaceousse-
dimentéof theMoúlayemberFormation.

0 2km
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Transgressionof tite late culminatedwitit aceumulationof laminated
t)ark grey ant) blacksitalesof tite SnakeCreekMut)stone,witicit are notex-
posedin the studyarea,but areknúwnfrom numerousfully cúredboreitoles
in tite areaant) otiter partsof tite basin. Titeoverlying lower Moolayember
Formationin tite studyareais formedby laterally extensivenear-sitorede-
posité of tite SnakeCrcek Lake, and interfingering fluvial-dominatedinter-
vals.

A lúweringof baselevelreducedtite SnakeCreekLakeant) progradation
of fluvial depositéfrom tite basinmargins.Small tú moderatesizedmeande-
ringstreamswereaccumulatedpredominantlyby lateralaceretion.Overbank
areaswerevegetatedant) receivedsedimentt)uringtimesof liigit flowstage.

REFERENCES

AícocK, P.J. (1970),«A reporton tite sedimentúlogyof tite MoolayemberFornvation,
Bowen Basin, Queenslant).Bureauof Mineral Resources».Geologyant! Geophiv-
sics, Australia,Recort),1970/25.

AurN, J. R. L. (1982),«Sedimentarystructures:titeir characterant) pitysical basis»,
Developmentsiii Sedimentology,Elsevier,lIolland.

— (1983), «Studiesin fluviatile sedimentation:l3ars, Barc-complexesant) sandstoue
siteets(low-sinuousitybrait)edstreams)in Brownsones(L. Devonian),WelshBor-
ders>~, Sedirnenta¡yGeology, 33,237-293.

BARRe, 4. C.,Faií.níNo, (2. R., DECARITAT, P. & WllsoN, M. M. (1993),«Permmnevo-
lution of sant)stonecnmpositionin a complexbackare extensionaltú forelandha-
sin: Tite Bowen Basin,EasternAustralia»,JounzalofSedimentaryPetrology,63.
881-893.

BARrE, J. C.,KASSAN,4. ti IJIMILTON, It 4. (1996),«Earlydiageneticsit)eriteasanin-
dicator of depositionalenvironmentin the TriassicRewarí Group, soutiterríBo-
wen Basin,easternAustralia», Sedi¡nentology,43, 77-88.

Beísi’ow. C. 5. (1987), «BrahmaputraRiver: clíxmel migration ant) deposition»,in
Etbridge,F.G., Flores,R. M. & Harvey, M. D. (eds),RecentDevelopmnenisbr flu-
vial SedhnentologySocietyof.EconrnnicPalaeontologistsant! Mineralogisis,Special
Publication39,63-74.

Bu’rciiee, P. ½(1984), «Tite ShowgroundsFormation, ita settingant) sealin ATP
145P, Queensíandí>,AustralianPetroleurnExplorationAssociation,Journal, 24,
336-357.

CJONEY, Pi., Eowxans,A., 1-UNE, R., MortRlsoN, F. ti Wr’melM, D. (1990), «Tite regio-
nal tcctonicsof tite Tasinanorogeniesystem,easterríAustralia»,Journal ofStruc-
tui-al Geology, 12, 5 19-543.

FELIoN. 4. (1985), Stratigraphyof tite Middle Triassic AloolayetnberForniation,
«l$airview» area,northeastofinjune,southeastQueensland,Honourstitesis,Uni-
versity of Queensland(unpublished).

FEI<GtJSSON,(2. L., HENDERSON, R. A. & LEiTRÍs, E. (2. (1994),«Tectonicsof tite NewEn-
gland Foldbeltir tite RockhamptonGladstoneRegion,soutiheastQueensland»,in



EvohlngDepositionalEnx,iron¡nentsin tize Triassic... 201

Holcembe,R. J., Stephens,(2. J. 8 Fielding, (2. R. (eds),GeologicalSocietyofAus-
tralia, Ficíd Conference1994,CapricornRegion, 1-17.

FW.LDING, (2. R. (1990),«Tectonieevolution of tite Bowen Basin,EasternQueensland»,
ProceedingsVII, PacificRimCongress90,AusIMM, 181-191.

FOSTER, (2. B. (1983),«Reviewof tite timeframefor tite Penniar,in Queensland»,en
Proceedingsof tite symposiumon tite PermiangeologyofQueensland,Geological
Societyof Australia,Queenslanddivision), 107-120.

FRíENo, P. F. (1983), Towardsafleidclassificationofalluvial architectureor sequence
InternationalAssociati.onofSedimentologists,SpecialPublication,6, 345-354.

HícKsN, E. J. & NANSON, G. C. (1975), «Tite characterof charmelmigrationir, tite Be-
attenRiver, NortiteastBritisit Columbia, Canada»,GeologicalSocietyofAmerica,
Bulletin, 86, 487-494.

JENSEN, A. R. (1975),«Permo-Triassicstratigrapityandsedimentationin tite Bowen
Basin,Queenslands>,BureauofMineral Resources,Geologyant) Geophysics,Aus-
tralia, BulleUn, 154.

IQSSAN, 3. & FIELDINO, (2. R. (1990), «Depositionalenvironmentsof tite south-westBo-
wer, Basin,Queenslant)»,ir, Diessel,(2. (cd.),Proceedings,2SthSymposiumon ad-
vancesbr tite studyoftite SydneyBasin, Universityof Newcastle,154-161.

IQsSAN, J. (1993), BasinAnalysisof tite Triassic Succession,Bowen Basin, Queens-
1aM, Doctoral titesis,Universityof Queenslant)(unpublisitet)).

Mw.., A. D. (1978).«Lititofaciestypesandverticalprofile modelsin braidedriver de-
púsits: a summary»,in Miallí, A. D. (ed), fluvial Sedimentology,Can. Soc.Petr.
Geol. Alem., 5, 597-604.

— (1985),«Arcititecturalelementanalysis:anewmetitodof faciesanalysisappliedtú
fluvial t)eposits»,EarthScienceReview,22, 261-308.

RAMOS, A., SOI’ENA, A. & PÉREZ-ARLLTcEA, M. (1986),«Evolutionof Buntsant)steinflu-
vial sedimentationin tite nortitwestIberianRanges(Central Spain)»,JournalofSe-
dimentaryPetrology,56/6:862-875.

ScímooER,R. (1988),«Exploration resultéant) future activities in ATP 337P, Surat
Basin»,PetroleumExplorationSocietyofAustralia,ProceedingsPetroleumSym-
posium,1988, 113-125.

Sci-iuxsM, 5 A. (1981),«Evolution ant) responseof tite fluvial system,sedimentolúgic
irnplications»,Socie$ofEconomicPalaeontologistsant) Mineralogists, SpecialPu-
blicatior,, 31, 19-29.

SMITH, D. G. & SMíTÍ 1, N. D. (1980), «Sedinientationir, anastemosedriver systcnvs:
examplesfrom alluvial valleysnearBanif, Alberta»,JournalofSedimentaryPetro-
logv, 50/1, 157-164.

SUNDBORO, A. (1956), «Tite river Klarálven: A stnt)y of fluvial proce.sses»,Geogr.
Annlr, 38, 297-313.

Zíoi-Kowss-u, Nt & TAYLOR, R. (1985>, «Regional structureof tite north Denison
Trougit», ir, BowenBasin Coal SymposiumGeologicalSocietyofAustralia,Abs-
tracts, 17, 129-135.

Manuscritorecibido:29-4-1996
Manuscritoaceptado:23-9-1996


	a: 


