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We describethe internal structure and stratigraphy of a well-imagedcontourite drift

fr om the Southern Ocean. This drift, which we have named the South Falkland Slope

Drift, lieson the northern �ank of the Falkland Troughduesouthof the Falkland Islands.

Drifts which occur dir ectly in the path of the Antar ctic Cir cumpolar Curr ent (ACC),

downstream of the Drake Passagegateway, are of considerablepaleoceanographicsig-

ni�cance sincetheir detailed stratigraphic record will help to constrain the history of the

ACC. We have reprocesseda grid of seismicre�ection pro�les generously provided by

WesternGeco in order to enhanceimaging of the South Falkland Drift and of drift de-

positswithin the tr ough. The resultant high quality imagesenableus to map the internal

architectureof the drift in unprecedenteddetail. By combining seismicstratigraphic map-

ping with measured sedimentationrates fr om nearby boreholes,we have inferr ed agesof

the principal mappablehorizons. With minor adjustmentsto sedimentationratesthrough

time, we can show that theseagescorrespondto signi�cant Southern Oceanevents. We

proposethat the SouthFalkland Drift initiated at 24.5–20.5Ma, in accordancewith some,

but not all, published estimatesof ACC establishment. A highly re�ective horizon with

an estimatedageof 14.5Ma correspondsto growth of the EastAntar ctic Ice Sheet,which

led to a period of signi�cant global cooling. A similarly bright re�ective horizon with

an estimatedageof 9 Ma is thought to be related to a reorganization of bottom current

�o w which just predatedestablishmentof groundedicesheetson the Antar ctic Peninsular

shelf. Finally, a prominent Early Plioceneunconformity at 4.5Ma could belink edwith the

onsetof major Northern Hemisphereglaciation or with Antar ctic icesheetexpansion.We

concludethat this well-imageddrift is an important, and largelycontinuous,stratigraphic

recordof ACC activity and that it would bean excellentdrilling target.

1 Intr oduction

TheAntarcticCircumpolarCurrent(ACC) is thelargestandstrongestcurrentsystemon Earth.

It is responsiblefor thebulk of watermassexchangebetweenthePaci�c, Atlantic andIndian

Oceans,transporting100–140Sv (1 Sv = 106 m3s� 1) from westto eastaroundthe Southern

Ocean(Groseet al., 1995;Orsi et al. 1995;Rintoul et al., 2001). This inter-basinalexchange

transportsfreshwater, heat,saltandnutrientsglobally(Schmitz,1995,Nowlin & Klinck, 1986).

Henceanomaliesformedin onebasincanbe carriedto remotelocationswherethey may in-

�uence climate(e.g. White & Peterson,1996; Rintoul et al., 2001). Furthermore,deepcir-

cumpolarcirculationis proposedasakey factorin thethermalisolationof EastAntarcticaand

the triggeringof major growth of ice sheetsin the Oligocene(Shackleton& Kennett,1975;
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Zachoset al., 2001). The detailedhistory of the ACC is of considerableinterest,both on a

Cenozoictimescalewhich includescoolingandglaciationof Antarctica,andon the timescale

of Quaternaryglacialcycles(Gordon,2001).

AlthoughtheACC is essentiallya westerlywind-driven�o w over muchof its path,it does

extendto theseabedwhereit controlssedimentationpatterns,partly throughstrong�o wsalong

its fronts andpartly throughthe moregeneraleastward �o w betweenfronts (Barker, 2001).

Consequently, the ACC shouldgenerateidenti�able markers within the sedimentaryrecord

which canbeusedto constrainthenatureandtiming of tectonic,climatic, andoceanographic

events(Rack,1993;Barker& Thomas,2004;Pfuhl& McCave,2005;Lyle etal., 2007).These

markersmaymanifestthemselvesasmappablediscontinuitiesandchangesin re�ectivity pat-

ternsonseismicre�ection data,or aschangesin physicalproperties(e.g.bulk density, porosity,

watercontent,grainsize,consolidation)of sediments(Rack,1993). However, cautionis nec-

essaryin seismicinterpretationsincethe patternof pre-ACC oceaniccirculation is virtually

unknown andsedimentcompositioncanalsovary signi�cantly asa functionof biogenicactiv-

ity (Barker, 2001).

TheFalklandTroughlies betweentheFalklandPlateauandBurdwoodBank,southof the

FalklandIslands(Figure1). Thetroughdeepensfromwesttoeast,formingapronouncedbathy-

metric embaymentpresentlyoccupiedat its westernend by the Sub-AntarcticFront (SAF).

Present-daysedimentationis controlledby shallow-water componentsof the ACC, notably

AntarcticIntermediateWater(AAIW) andUpperCircumpolarDeepWater(UCDW). AAIW is

characterizedby a low salinity layerthatcanbetracedinto theNorthAtlantic Ocean.Through-

out theSouthernOcean,this layeris underlainby UCDW which is characterizedby anoxygen

minimum layer suppliedby low-oxygenwater from the Indian andPaci�c basins(Callahan,

1972). Emerging througha gapeastof Burdwood Bank at 55� W which reaches1700m in

depth,UCDW andAAIW �o w westwardsinto the FalklandTrough wherethey combineto

form theFalklandCurrentwhich thenfollows the 1000m isobath(Figure1). At the western

endof thetrough,theshoalingseabedactsasanobstacle,preventingfurtherwestwardtransport

of waterandde�ecting �o w northeastwardsat60� W.

Thetroughitself is aforelandbasingeneratedby obliqueshorteningalongtheactivebound-

ary betweenthe SouthAmericanandScotianplates(Bry et al., 2004). The geometryof this

largely symmetricalandunder�lled troughis clearly illustratedin Figure2. Southof theFalk-

land Islands,the active plateboundaryalongthe southernmargin of the troughconsistsof a

setof thrustfaultsextendingunderBurdwoodBank,a largeshallow plateaucenteredon 54� S,

59� W. The frontal, active, fault is clearlyvisible at thesouthernedgeof a prominentsea-bed

moat(Figure2a).Thestructurallysimplernorthernmargin of thetroughis partof theFalkland
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Plateauwhich hasbeen�e xeddown to thesouth,presumablyby theencroachingcrustalload

representedby BurdwoodBank.Thismargin hasbeencutby closelyspaced,north-dippingnor-

mal faults,someof which show demonstrablestratigraphicgrowth. A prominentunconformity

is visible, separatingoverlying Neogenesedimentsfrom tilted andfaultedPaleogene(?) and

Mesozoic(?) strata.Themoststriking featuresonPro�le 1 arethelargecontouritedrift, which

sitsunconformablyon top of thede�ectednorthernmargin, andthewedgeof troughdeposits

(Figure2a). Howe et al. (1997)andCunninghamet al. (2002)used3.5 kHz recordsandlow-

fold seismicdatato demonstratethe importanceof Neogene-Recentcontouritesedimentation

on seismicre�ection pro�les furthereast.They showedthatplastereddrifts occuron themore

exposedFalklandPlateauwhereascon�ned andelongateddrifts aremorecommonwithin the

relatively shelteredFalklandTrough.We areprimarily concernedwith thedevelopmentof the

largeplastereddrift which we referto astheSouthFalklandSlopeDrift (SFSD).Cunningham

etal.'s (2002)WestFalklandTroughDrift (WFTD) is con�ned to thetroughitself. At thewest-

ern endof the trough, the WFTD probablyconsistsof current-reworked turbiditic sediments

originally transporteddown channelsfrom thewestandnorth.

Contouritedrifts are linked to the actionof semi-permanentbottomcurrentsin deepwa-

ter, usuallyresultingfrom thermohalineand/orwind-drivencirculationin theoceansandtheir

marginalseas.They areespeciallycommonalongcontinentalmarginsandatoceanicgateways

(Stow et al., 2002). Both theSFSDandWFTD weredepositedandreworked respectively by

vigorousbottomcurrentsassociatedwith �o w of theACC asit emergesfrom Drake Passage.

Thesedrift sedimentsrecordlocal changesin bottom-water�o w andshouldbe an important

sourceof ocean/climateproxies(McCave & Hall, 2006). The stratigraphyof a drift is con-

trolled by two relatedprocesses.Thedominantexternalcontrol is accumulationratewhich is

directly linkedto changesin sedimentsupplyandcurrentactivity. Localprocesses(e.g.biolog-

ical activity andwaterchemistrybothproducinganddissolvingsedimentcomponents)have a

modulatingeffect.

The stratigraphicarchitectureof a contouritedrift is bestdeterminedfrom multi-channel

seismicre�ection pro�les calibratedby well-log information. In thepast,3.5 kHz andsingle-

channelor low-fold seismicsurveying havebeentheprincipaltoolsalthoughthey aregradually

beingsupplantedby industry-standardsurveying which exploits long streamers,powerful air-

gun arraysandhigh fold of cover. The resultantimagesde�ne shapeandinternalgeometry.

Contouritedrifts have lenticular, convex-upwardshapes.Internally, they arecharacterizedby

sub-parallel,moderateto low-amplitudere�ections which changegradationallybetweenseis-

mic facies,revealing lateralmigrationof the sedimentbody causedby interactionof bottom

currentwith morphology. In thesouthernhemisphere,theCoriolis forcede�ectsslope-parallel
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currentsto theleft to produceup-slopedeposition(Faug�ereset al., 1999).Variationsin bottom

currentsareresponsiblefor depositionof moundedandsheeteddrifts aswell asfor episodes

of non-depositionor erosionwhich generatehiatuses.The internalre�ectivity of a contourite

drift dependsuponacousticvelocity anddensitychangeswithin the sedimentarypile. Thus

mappableseismicre�ectionsprobablymanifestchangesrelatedto phasesof sedimentationsep-

aratedby non-depositionor erosive events. Laterallycontinuousre�ections representperiods

whensedimentsupplyhaschangedor when current-controllederosionoccurs. Suchevents

could have a climatic or a tectonicorigin (e.g. opening/closingof sills andgatewayswhich

controlbottomcurrent�o w). They have oftenbeendemonstrablylinkedto changesin seismic

faciesandserveasthebasisfor divisionof thedrift into sedimentpackages(Stow etal., 2002).

Lessre�ective packagesbetweenerosionaleventsrepresentrelatively stablebottom current

regimes.

Our purposeis three-fold.First, high quality seismicimageswith excellentsignalpenetra-

tion areusedto describethesetting,morphologyandinternalstructureof Neogenesedimentary

drifts which occurwithin animportantoceanographicgateway. Secondly, we havemappedthe

internalseismicstratigraphyof the SouthFalkland SlopeDrift andshown that the principal

stratigraphichorizonsrecordsigni�cant changesin oceaniccirculation. Thirdly, we suggest

that this well-imagedcontouritedrift would make anexcellentdrilling targetandthat this grid

of reprocessedseismicpro�les constitutesahigh-qualitysitesurvey.

2 SeismicStratigraphy

Wehaveadoptedthedrift nomenclatureproposedby McCave& Tucholke(1986)andFaug�eres

et al. (1999). Identi�cation of contouritesfrom sedimentaryfeaturesaloneis dif�cult because

the slow andcontinuousnatureof accumulationmeansthat primary featurescanbe masked

or removedby secondaryeffectssuchasbioturbation(Stow et al., 2002). Accumulationrate

is controlledby intensityof thebottomcurrentandby availability of terrigenousandbiogenic

sediment(Faug�ereset al., 1993). Drift geometriesaregroupedinto four main classeson the

basisof overallmorphology:sheets,elongatemounds,channel-relateddrifts andcon�neddrifts

(Stow etal.,1998).TheSouthFalklandSlopeDrift falls in thesheetcategoryandis a“plastered

drift”. TheWestFalklandTroughDrift is achannel-relatedor con�ned drift.
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ProcessingStrategy

The grid of seismicre�ection pro�les shown in Figure1 wasacquiredby Geco-Prakla(now

WesternGeco)in 1993. The dataare of excellent quality and have a recordlength of 9–12

secondstwo-way travel time. An airgunarrayconsistingof 40 bolt guns,rangingin volumes

from 30–500cubic inchesand with a total volume of 7288 cubic inches,was towed at an

averagedepthof 7.5 m. This arraywas�red every 40 m at a pressureof 2000psi. A 4780

m long streamerwith 240 datachannels,a near-traceoffset of 92–97m, anda 20 m group

interval wastowedat 10–10.4m depth.Theresultantfold of cover is 60 with a samplingrate

of 2 ms. Thesedatawereacquiredandprocessedin orderto imagethegeneralstructureof the

SouthFalklandTrough.Althoughthecontouritedrift andtroughdepositsareclearlyimagedon

theoriginal stackedsections,theoriginal processingsequencedid not speci�cally target these

shallow features.

In orderto generatehigherresolutionimagesof the contouritedrift, we have reprocessed

�eld tapesof Pro�les 1–5 at their original acquisitionsamplerateof 2 ms. The reprocessing

sequencewasspeci�cally designedto enhanceimagingof thetop3 s. Salientfeaturesof thisse-

quencearesourcesignaturedeconvolution,densevelocityanalysis,source/receiverdeghosting

andpost-stackmigration.Sourcesignaturedeconvolution wasappliedto shotrecordsby using

therecordedfar-�eld sourcesignature.This form of deterministicdeconvolution doesdepend

upontheexact repeatabilityof theairgunsource.Inevitably, changesin sourcedepthandsea

statemeanthatthetruesourcewaveformvariesthroughtime. Nevertheless,in theabsenceof a

far-�eld sourcesignaturefor every shot,our limited applicationof deterministicdeconvolution

doessuccessfullyremove the bubblepulseandconsiderablyreducereverberation.A low-cut

�lter helpedto reducelow frequency noisewhich tendsto be enhancedwhenthe sourcesig-

natureis imperfectlyknown. Velocity analyseswerecarriedout every 2 km. Deghostingwas

appliedafternormalmove-outcorrectionandstandardmultiple energy suppressionby assum-

ing aconstantsource/receiverdepthanda�at seasurface.Deghostingwassuccessfulin further

compressingthesourcesignalandreducingringing. A standardsphericaldivergencecorrection

wasusedto removeamplitudetransmissionlossesbut otherwisenoautomaticgaincontrolwas

appliedandso the seismicimagesareshown at true amplitude. Finally, we did not attempt

to carryout pre-stackdepthmigrationsincestructuraldipsandvelocity contrastsaremodest.

Instead,aStolt f-k timemigrationwith aconstantvelocityof 1500m/swasapplieddown to the

water-bottommultiplewhereabottommutewasset.Beforethedataweretransformedinto the

Fourierdomain,verticalstretchingwasappliedto allow for verticalchangesin velocity. This

simplemigrationalgorithmsuccessfullyremovedall signi�cant diffractionevents.

Wepresentbothtimeanddepth-convertedpro�les. Beforedepthconversion,astaticcorrec-
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tion of +12 mswasaddedto compensatefor sourceandreceiverdepth.Time-to-depthconver-

sionwascarriedoutusingthepickedroot-mean-squared(RMS)velocitiesandlateralvariations

weretakeninto accountby averagingvelocitieswithin a givensedimentarysequence.Table1

shows the interval velocitiesassignedto the differentsequences.Thesevelocity valuesagree

with commonlyassumedvalues. For example,Howe & Pudsey (1999)assumeda maximal

acousticvelocityof 2000m/sfor contouritedepositsin thenorthernScotiaSeaandHoweetal.

(1994)assumedvelocitiesof 1550m/sfor acontouritedrift in thenorthernRockallTrough.Our

methodis simpleandapproximatebut it is reasonablein theabsenceof boreholeinformation.

The reprocessedimagesareshown in Figures2–7and12–14.Signalpenetrationandver-

tical resolutionare excellent,demonstratingthe valueof using industry-standardacquisition

combinedwith aprocessingsequencewhichwasspeci�cally designedto enhanceshallow sed-

imentarystructures.

The SouthFalkland SlopeDrift

Stratigraphicmappingwascarriedout on the reprocessedversionsof Pro�les 1–5 which are

approximatelydip lines crossingthe SouthFalklandTrough. Previously processedversions

of Pro�les 6–9, which are roughly parallel to the strike of the basin,were usedto provide

additionalconstraints.Thesecrosslines wereresampledat 4 ms during processingandhave

not beendepth-converted. Pro�les 1–5and6–9do not preciselytie sincedifferentpost-stack

time migrationalgorithmswereused(Stolt andf-x algorithms,respectively). Figure2 shows

threerepresentative north-southpro�les which illustrate the structuralcontext of contourite

drift and troughdeposits. The contouritedrift is clearly visible on Figures2a & b whereit

sitson top of truncatedandnormallyfaultedMesozoicsedimentaryrockswhich constitutethe

�e xednorthern�ank of theSouthFalklandTrough(Bry et al., 2004). It is muchlessobvious

on thewesternmostline whereit is muchreducedandpartially obscuredby onlappingtrough

deposits.Wherethecontouritedrift is thickest,it consistsof aregularstackof clearlymappable

re�ections, several of which arevery prominent(Figure2a). This stratigraphicpile hasbeen

slightly disruptedby aseriesof steepnormalfaultswhichcut into the�e xedplatebeneath.One

obviousunconformityoccurscloseto thetopof thecontouritedrift (Figure2b).

Close-upsof theSouthFalklandDrift have beenusedto mapits internalstratigraphy(Fig-

ure3–7).Thedrift thickensandwidenstowardthenortheast,takingtheform of a thin plastered

sheet. Water-depthchangesfrom 650–1100m along the westernmostpro�le to a rangeof

400–2000m furthereast(compareFigures3 and7). Lenticular, symmetricandasymmetricde-

positionalunitsseparatedby continuousre�ectionswhich onlapanddownlapontoanirregular
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basaldiscontinuitycanbeidenti�ed. Thereareoccasionalisolatedchannels.Thisbasaldiscon-

tinuity dips southwardsandit is usuallya major unconformity. BetweenMesozoicbasement

andunconformity, a sporadic,earlysedimentaryin�ll canberecognized.Occasionalincisions

indicatetheexistenceof erosivechannels(e.g.Figure6). Minor normalfaults,whichdissectthe

drift, arecausedby downwarpingof thenorthernmargin of theFalklandTrough.Someof these

faultsbreakthe seabedor have demonstrablestratigraphicgrowth which shows that normal

faultingoccurredduringdrift deposition.OnPro�les 1 and2, aggradationalandprogradational

packagesaccompaniedby thinningtowardsthedrift marginsareobservedandtheentirecon-

touritedrift body is moreor lesssymmetrical.FromPro�le 3 westward,however, thecrestof

thedrift migratesnorthwardsuntil it is at the northernendof thecontouritedrift on Pro�le 5

(Figure7). The uppermostsedimentsareseparatedfrom the main contouritedrift body by a

prominentunconformity.

Onemight expectto have contouritedrift accumulationson both �anks of theSouthFalk-

landTroughandwithin thedeeperpartof thetrough.Thereis acon�neddrift within thetrough

whichgrowseastwardasidenti�ed by Cunningham& Barker(1996)andby Howeetal. (1997).

However, aplastereddrift hasonly grown onthenorthern�ank of thetrough,probablybecause

thesouthern�ank is steeper. Erosive featuressuchasmoatsaremorecommonin thesouth.

The Major SedimentarySequences

We haveusedtheseismicre�ective characterof theSouthFalklandSlopeDrift to identify and

mapfour surfaces.Inspectionof Pro�les 1–5suggeststhatthereareseveralprominentinternal

re�ectionswhich canbeusedto sub-divide thedrift. Thebasalunconformity(yellow horizon)

is eminentlymappableandrepresentsthebottomof thedrift. Initiation of drift accretioncould

havebeena responseto adecreaseand/ora reorientationof currentactivity. Theyoungermain

unconformity(magentahorizonseparatingUnits I and II) is de�ned by truncationof re�ec-

tions andis causedby erosionandredepositionof sediments.This surfaceis representedby

a relatively strongre�ection which is often closeto, and thussometimeshard to distinguish

from, the seabed(Figure7). In betweenthesetwo major unconformities,a strongre�ection

(greenhorizon)canbeidenti�ed delineatingachangein seismicfaciesfrom themoretranspar-

ent lower sedimentarysequence(Unit 1A) to a morere�ective seismicfacies(Unit 1B). The

youngestpackageabove theyoungerunconformity(magentahorizon)canalsobedividedinto

two sequences(Units 2A and2B) by anotherstrongre�ection (orangehorizon),separatinga

regularanda morechaoticsequence(Figure9). This re�ection is scarcelyidenti�able on Pro-

�le 5. Sincethe SFSDthins considerablyto the south,it is not possibleto tracethis unit on

Pro�le 6, sothatthethicknessof sedimentbetweentheyoungerunconformityandtheseabed
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is unknown.

Unit 1A is acousticallytransparentwhich suggeststhatdepositionwascontinuousandho-

mogeneous,re�ecting moderateto low bottomcurrentvelocity of � 10 cm/s. Generally, the

re�ectionswithin thissequenceonlapanddownlapontothebasalunconformity(Figure8). On

dip pro�les, this lowestsequenceappearsto be moreor lesssymmetrical.This symmetryis

clearly evident on the isopachmap (Figure10). Two minor anomaliesinterrupt the smooth

variation in thicknessacrossand along the unit. The most striking one is relatedto a deep

V-shapedchannelstructureseenon Pro�le 6 (Figure11). It is locatedatCMPs8600–9400be-

tweenPro�les 2 and3, closeto thebaseof thenorthernslopewheremoat-likestructuresoccur.

This channelincisesinto sedimentsbeneaththedrift to a depthof 568ms(i.e. 500m) andit

hasa maximalwidth of about8 km. It is the deepestfeatureon the seismicpro�les andwas

almostcertainlycut by turbidity currents.Anotherchannelstructurewasidenti�ed within the

sedimentarysequenceon Pro�le 2 at CMP 12500(seeinsetof Figure4). A secondanomaly,

on a muchsmallerscale,is found on the sameline at CMP 11500–14100andhasthe shape

of a basin: it is 26 km acrossbut only 130 ms (i.e. 115 m) deep. It is probablydrift �ll of

pre-existing roughtopography. Strongercurrentactivity at earliesttimescanalsobe deduced

from theburiedsedimentarywavesobservedon Pro�le 4 (seeinsetof Figure6). Similar fea-

turesoccurat thebaseof theslopeaboveanold channelincisionin anunderlyingsedimentary

sequenceof possiblePaleogeneage. Unit 1A petersout towardsthe northeast.On Pro�le 9,

it is alreadythin andon Pro�le 8 it is completelyabsent.The overall orientationof the drift

axisre�ects major�o w distributionalongtheslope.Along axis,current�o w slowly promoted

growth whereasat the drift margins, �o w was intensi�ed andonly thin depositsanderosive

features(e.g. depressions,moats)arefound. Thecurrentaxis followedtheslopearoundfrom

moreor lessW-E, changingto SW-NE at theeasternend.

Unit 1B is the thickest packageand hasstronginternal layering. This seismicfaciesis

indicative of abundanthiatusesand periodsof condensedsedimentationwhich are probably

linkedto increasedbottomcurrentintensity. It suggestsepisodicsedimentationwith morevari-

ability in eithercurrentvelocity or sedimentsupplyor both (Stow et al., 2002). On Pro�les 4

and5, thisseismicfaciesbecomesmoretransparentsuggestingmoreuniformdepositionin the

west. On all lines exceptPro�le 6 wheresedimentcover is very thin, re�ections within this

sequenceonlapontoboththeunit beneathand,updip, ontothebasalunconformity. Deposition

within the unit is thusasymmetricandmigratesupslope.This migrationis con�rmed by the

�lled moatswhich aregeneratedwhenonlappingsurfacesmigrateupslope.Thesecollective

observationsclearly illustrategrowth of the drift (see,for example,insetsof Figure3 and4).

Maximal thicknessof this sequenceis 332ms(267m) with a depocenteron Pro�le 8 (Figures
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9 and10).

A dramaticchangeoccursat the boundarybetweenUnits 1B and2A. Overall, Unit 2 is

thinnerandof muchlesserextent thanUnit 1. This changere�ects either reducedsediment

supplyor strongerACC �o w. Unit 2A is muchsmallerthanUnits1A and1B. Thereductionis

especiallyclearin thewesternpartwhereonly averythin sedimentcoverremains.Themaximal

thicknessis 148 ms (113 m). Internally, Unit 2A's re�ections onlapandpartly downlaponto

theunderlyingunconformityandthey aretruncatedat theseabed.Theseismicfaciescharacter

variesfrom morere�ective to moretransparent(compareFigures3 and6). The depositional

axissuggestsanearlyW-E currentdirection.

Finally, Unit 2B is dominatedby sub-parallel,morediffuseandchaoticseismicfacieswhich

indicatesintensi�ed bottomcurrentactivity (�o w speedsof 12–20cm/saccordingto Figure8

of McCave& Hall, 2006)andpossiblyasigni�cant decreasein sedimentsupply(e.g.Figures6

and7). Progressive onlapof sub-parallellaterallycontinuousre�ectionswith high amplitudes

suggestan upslope(northward) progradingpattern. Internal re�ections are truncatedat the

unconformityand at the seabed. More westerlypro�les show that the northernmargin of

theplastereddrift underwentperipheralscouringwhich causederosionaltruncation.Sediment

thicknessis considerablyreducedto a maximumof 95 ms(72 m). Thedirectionof thecurrent

axisis W-E, tendingto SW-NE at theeasternend.

Figures9 and10 summarizethe stratigraphicgrowth of the SouthFalkland SlopeDrift,

which coversabout5500km 2. Theonly signi�cant anomaliesarecausedby channelincisions

alongits southernperimeter. Theinferredcurrentdirectionis SW-NE, following thebathymet-

ric contoursaswell asthepresent-day�o w of theACC.

WestFalkland Trough In®ll

Depositswithin the SouthFalklandTroughwereformedfrom sedimentwhich waspredomi-

nantlytransportedby turbidity currents.Thesecurrentscamefrom thewest,north,andpossibly

south.OnPro�le 1, thedepositisslightlymoundedwhichagreeswith Cunninghametal. (2002)

who show that it hasbecomea con�ned drift by 56� 300 W. We have not attempteda detailed

breakdown of thestratigraphy. Nevertheless,theexcellentacousticimagesdisplayedin Figures

12–14areworthyof analysis.Thedominantfeatureof thetrougharebright, time-transgressive

re�ectionscross-cuttingprimarysedimentarystrata.Thesebright re�ectionsoccurthroughout

theSouthFalklandTroughbut they aremoreclearlydevelopedat thewesternendwherethey

arecompartmentalizedby steepnormalfaults(e.g. Figure14c). They representstrongacous-

tic impedancecontrastswhich absorbmostof the transmittedseismicsignaland,asa result,
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underlyingstrataaremuchmoreweaklyimaged.Without boreholecontrol,theorigin of these

featuresremainsuncertain. However, the most likely causeis silica diagenesisfrom opal-A

to opal-CT which can generatechangesin lithi�cation which give rise to strongimpedance

changes(e.g.Davies,2005).Similar featureshave beenobservedon multi-channelseismicre-

�ection datafrom theeasternFalklandTroughby Cunninghametal. (2002).Carter& McCave

(1994)andCarteret al. (2004)identi�ed a re�ection within theNorth ChathamDrift, initially

thoughtto beaproto-driftbut whichsubsequentdrilling onODPleg 181(site1123)hasshown

to bea diageneticfront.

Pro�les 1, 2 and 4 illustrate how the internal stratigraphyof the West Falkland Trough

evolvesasthe troughitself shallows markedly from eastto west(Figures12–14). On Pro�le

1, thetrough�ll clearly formsa triangularwedgewhich representsforelandbasinsubsidence.

Thisaccommodationspacewasgeneratedby thrustloadingof theFalklandPlateau:thefrontal,

active thrustfault is clearlyobservedandthe�e xedFalklandPlateauis cut by closelyspaced,

steepnormalfaults(Figure12a). At theseabed,two moatsoccuron eithersideof the trough

andbathymetryis similar to thatdescribedby Cunninghamet al. (2002)from seismicpro�les

locatedfurthereastbut without theclearlymoundeddrift. Thismoatcon�gurationsuggestedto

themthatthetrough�ll wasacon�ned drift deposit.ThesemoatsarelessdistinctiveonPro�le

2 wherethey arereducedto stepson the southernsideof the trough. Sea-bedmoatsareno

longervisible on Pro�le 4. This moatevolution is consistentwith loopingof bottomcurrents

which �o w clockwisearoundthewesternendof of thetroughbeneaththeSAF.

Thetrough�ll is animportantrecordof forelandbasinevolution aswell asbottomcurrent

activity. However, SouthFalklandSlopeDrift stratigraphicmappingcannotbe extendedinto

thetroughitself becausetroughsedimentationwasmainlycontrolledby turbidity currents.The

chiefsourceof troughsedimentis probablyterrigenousmaterialtransportedaxially from south-

ernSouthAmericawhilesomematerialmayhavebeensuppliedfromBurdwoodBankandfrom

theFalklandPlateau.We have roughlydividedthe�ll into four stratigraphicsequences,Units

I–IV (Figures12–14).Unit I is wedge-shapedandsitsunconformablyagainsttilted andfaulted

Mesozoicstrata.Theseismicfaciesis generallytransparentwith severalbrightandcontinuous

re�ections. Thereis overall stratigraphicgrowth towardsthe active platemargin with occa-

sionalprominentunconformitieswhich demonstratesthat Unit I wasdepositedduring active

platebendingwhenforelandsubsidencecommenced.On Pro�le 1 (Figure12), normalfaults

penetrateinto Unit I with stratigraphicgrowth which shows that �e xing of theplatecontinued

during in�lling. Furtherwest,Unit I becomesmoredeformedalongthesouthernboundaryof

thetrough(Figure13). Thereis little evidencefor moatformationwithin Unit I althoughiso-

latedchannelsareoccasionallyvisible. Thisabsencesuggeststhatthisunit predatesUnit 1A of
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thedrift sequencewhencurrentsmusthavebeenactive.

The overlying Unit II hasa sag-like appearancewith morecontinuousandcloselyspaced

re�ections.OnPro�le 1, thisunit is partiallyobscuredby diageneticeffectsalthoughit is more

clearly visible on Pro�le 2 wherethereis a single,discretediageneticfront. Unit II is much

lessaffectedby normalfaulting,especiallyon Pro�le 1. Stratigraphicgrowth is alsomuchdi-

minishedwhich suggeststhat therateof forelandsubsidencehasdecreased.Thenorthernand

southernedgesof Unit II arecharacterizedby aseriesof pronouncedmoatswhicharebestseen

on Pro�le 1 andmuchdiminishedon Pro�les 2 and4, especiallyalongthe southernmargin.

Thesemoatscontinueinto the overlying strata. The seismicfaciesof Unit III consistsof a

mixtureof continuousandwavy re�ectionswith apartly transparentcharacter. Thesucceeding

Unit IV is rathersimilarin character. Neitherunit showsmuchevidencefor stratigraphicgrowth

againsttheactive boundary, which suggeststhatdeformationalongthis boundarybecamepre-

dominantlystrike-slip. At the easternendof the trough,Units III andIV areparallelto each

otherandconformablewith underlyingunits. At the northernmargin of the trough,all four

unitsonlapthe trailing edgeof theSouthFalklandDrift. This geometrychangesfurtherwest

whereUnits III andIV onlapthetopof thelowerunitsandthickento thesouth(e.g.Figure14).

Thischangeis associatedwith theabruptdisappearanceof moatstructureswhicharepresentin

Units II on Pro�le 4 andis probablyrelatedto a local decreasein currentspeedat thewestern

endof the trough. This decreaseis causedby a deepeningof the �o w asUnit II pinchesout

below � 1200m. Burial of thetrailing edgeof theSouthFalklandTroughgivestherelativeages

of Units I–IV. Unit I mustpredateUnit 1A of theSouthFalklandSlopeDrift. We suggestthat

Unit II broadlycorrelateswith Unit 1A of the SFSDandthat Units III andIV correlatewith

Unit 2B.

Migrating Waves

In the middle of the southernslopeon Pro�le 4 (Figure14) andon Pro�le 5 (Figure2c), an

aggradationalstackof depositionalunitscomprisinga �eld of smallsedimentarywavesis vis-

ible. Thesewavesaresinusoidal,but asymmetric,with internal re�ection geometrieswhich

indicateupslopemigration.They varyconsiderablyin size.OnPro�le 4, thewave-likecharac-

terof theseabedcouldbemistakenfor creep.OnPro�le 5,wherethewavemorphologyis more

distinct, the patternis probablygeneratedby a �eld of small mud waves. Therearedifferent

scalesof waves:while thesmallestwavesareapproximately500m long andabout25 m high,

thelargerwaveshaveawavelengthof 2 km andamaximalpeak-to-troughheightof 120m. Un-

derlyingsedimentshaveconspicuouswavy re�ectionsatdepthsof 100and150m onPro�les 4

and5, respectively. On Pro�le 5, deepermoundedgeometriesat CMP 4050–4350anda depth
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of 1200m andatCMP3500–3750andadepthof 900m indicatetheexistenceof anolderburied

train of thesemigratingbedforms.Mud wavesarecommonlyassociatedwith bottomcurrent

activity on contouritedrifts (Flood,1988,McCave & Tucholke, 1986;Faug�ereset al., 1999).

Modelsof mud-wave dynamics(Flood,1988;Blumsack& Weatherly, 1989)predictthat they

aregenerallyorientatedobliqueto the prevailing �o w direction. The causative �o w for such

wavescanbeeitheralong-slopebottomcurrentsor downslopeturbidity currents(Flood,1994;

Wynnetal.,2000).Here,sub-surfacelayeringindicatesupslopeanddown-currentmigrationin

a southwesterlydirection. Upstreamcurrentvelocity is lower on theupstreamfaceandthere-

foredepositionpreferablytakesplacetherewhile lessdepositionandpossibleerosionoccurson

thedownstream�ank wherebottom�o w accelerates(Flood,1988).This �o w regimegenerates

theslightly asymmetriccharacterof thewaveswhich indicatesthatprocessesmaintainingthese

wavesarecurrentlyactive (Manley & Flood,1993).

Trough-Filling Mechanisms

It is dif�cult toassesstherelativeimportanceof turbiditicandcurrent-depositedsedimentwithin

thetroughitself. To whatextentaretroughsedimentscarriedin by bottomcurrentsfrom else-

whereor arethey simply resculpted?Thenarrow deepchannelstructureobservedin Pro�le 6

providesanimportantclue(Figure11). This �lled channelrunsnorth-southdown theFalkland

Plateautowardsthe troughandit wasundoubtedlycut by turbidity currents.The baseof the

channelis at leastat 2.95s or > 2.2km below sealevel. This depthis beneaththepresent-day

trough�ll asonemight expectandalsoshows thattheunitsfed by thechannelareno younger

thanUnit II andmostprobablyUnit I. In that case,Unit I predatesdrift formationsincethe

channelmusthave �lled rapidly asthe drift grew. During the early history of the trough,the

channelwouldhaveactedasa turbidity currentconduit,takingmaterialfrom theplateauto the

deep-watertrough. Today, the easternendof the troughshallows to 3100m from depthsof

up to 3740m furtherwest.Onepossibility, therefore,is thatthecurrentof WSDW transported

sedimentssweptoff thesouthsideof thetroughasdescribedby Cunningham& Barker (1996).

Of course,onsetof drift formation doesnot necessarilymeanthat axial supply of turbidite

sedimentsceased.
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3 Chronostratigraphic Framework

Initial Hypothesis

Previousstudiesdemonstratethein�uence of ACC bottom�o w on sedimentationon theslope

and�oor of theFalklandTrough(Howe et al., 1997;Cunninghamet al., 1998;Cunninghamet

al.,2002).DSDPcoresalsoprovideevidencethattheFalklandPlateauitself hasbeensubjectto

prolongednon-depositionor erosionsinceEarlyMiocenetimes(Barkeretal., 1976).Inception

of drifts in this areais probablyrelatedto the onsetof deep-water ACC �o w as the Drake

Passagegateway opened.Spreadingin theDrake Passagecouldhave startedat 26.5Ma but it

would initially haveledto only ashallow opening(Barker& Burrell, 1977).Neitheranentirely

shallow (i.e. continentalshelf)pathnor anincompletepathwould have led to thecreationof a

largeACC (Barker, 2001).While openingof theTasmanGatewaybeganatabout35.5Ma and

wascompletedby 30.2Ma (ShipboardScienti�c Party, 2001),thedatingof theopeningof the

Drake Passageis moredif�cult to determinebecauseof the lack of suitablewell data.Barker

(2001)arguesthat it took placeat 20–22Ma while Lawver & Gahagan(2003)have proposed

a muchearlierdate(� 31 Ma). Livermoreet al. (2007)alsosuggesta pre-29Ma inception.

Contouritedepositswithin theFalklandTroughandPlateautogetherwith drifts in thecentral

ScotiaSeaprobablycontainusefulsedimentaryconstraintswhichwouldhelpto re�ne thisdate.

Recentwork by Pfuhl & McCave (2005)suggestsan increasein �o w speedandhomogeneity

of theSouthernOceanwatermassesneartheOligocene-Mioceneboundaryat 23.95Ma (now

setat � 23.0Ma by Lourenset al., 2004),which they relateto establishmentof a complete

ACC associatedwith the deepopeningof Drake Passage.Lyle et al. (2007)have alsoused

seismicandbiostratigraphicevidenceto supporta post-25Ma onsetfor ACC. Assumingthat

thebasalunconformityof theSouthFalklandDrift markstheonsetof full ACC, thedatingof

thisboundarywouldbeanimportantcontribution.

In orderto estimateagesof thefour mappedsedimentaryunitsof theSFDandtheirbound-

ing unconformities,we �rst determinedaveragemaximalunit thicknesses.Four representative

pro�les from themiddleof thedrift werechosenandthemaximalthicknessof eachunit was

estimated.Outlying pro�les andcross-lineswereexcludedsincetheir sedimentarycover was

thinnedby erosion. We alsoavoidedanomalousareaswherelarge channelstructuresareob-

served.Calculatedthicknessesaregivenin Table2. It is moredif�cult to determinesedimenta-

tion ratesin theabsenceof local well data.However, LateQuaternarysedimentationratescan

beobtainedfrom a nearbysurfacecore,KC100,aswell asfrom DSDPandODPcorestaken

from MauriceEwing Bank (Howe et al., 1997; Figure1). Stratigraphicanalysisof KC100,

which is situatedon theslopingFalklandPlateauin theeasternpartof thetroughyieldsa sedi-
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mentationrateof 6m/Mafor theinterval 1.6–2.3m. Howeetal. (1997)useddiagnosticspecies

to correlatethis interval to theperiod0.8–1.9Ma. This corehashighly condensedcontourite

sequenceswhich indicatesustainedperiodsof non-depositionanderosionrelatedto intensi-

�ed ACC activity duringLatePliocene-EarlyPleistocenetimes(Howe et al., 1997). Sites329

(DSDPLeg 36)and512(ODPLeg 71)arelocatedcloseto MauriceEwingBankabout800km

from theFalklandTrough(Figure1). Despitethisgreatdistance,wehaveexploitedthesecores

becausesedimentationtook placeunderthe in�uence of thedeeperLCDW componentof the

ACC.Site329,situatedwestof MauriceEwingBankin awaterdepthof 1520m, wasdrilled to

obtainthe shallow-waterNeogenebiostratigraphicsection(ShipboardScienti�c Party, 1977).

Thissiteprovidessedimentationratesfor theMiocenesequencewhile Site512wastargetedat

theOligocene/Mioceneboundary(ShipboardScienti�c Party, 1984).This lattersite is located

eastof theMauriceEwing Bankin a waterdepthof 1845m. Theresultantsedimentationrates

canbecomparedto valuesfrom thecentralScotiaSea(Maldonadoet al., 2003)andfrom the

AgulhasRidge(Schutet al., 2002)wherecontouritedrifts relatedto ACC �o w have alsobeen

observed. Sedimentationratesfor thesedifferentlocationsaresummarizedin Table3. They

haveconsiderablescatter. Lateralvariationsin thethicknessesof individualsedimentunitssug-

gestthatsedimentratesarespatiallyvariableasa consequenceof changesin currentintensity

(Faug�ereset al., 1993).We have includedall measuredratessinceit is hardto ascertainwhich

valueswould be themostrepresentative for theSFSD.AlthoughKC100 is situatednearestto

thedrift, it is locatedbeyondthedatacoveragein theareawheretheSFSDpetersout. In con-

trast,valuesfrom thecentralScotiaSeamaybemoreappropriateto theFalklandTroughwhere

ratescanbeexpectedto behigh. An averagesedimentationratewasthencalculatedfor each

sedimentaryunit andtheageof eachunit wasestimated(Table4). Ageswerealsocalculated

usingthe maximalthicknessof eachunit sincethis minimizesthe effect of erosionalcut-out

at sequenceboundariesin thechronostratigraphicmodel. Our calculatedagessuggestthat the

bulk of theSouthFalklandDrift formedduringMiocenetimes.Thebaseof thedrift is datedat

20.6Ma which correspondsto Barker's (2001)estimateof ACC onset.Evenallowing for the

highestsedimentationrate,wedonot obtainadateasold as30Ma.

Re®nement

The calculateddatesof the internalsequenceboundariescanbe correlatedto seismicstrati-

graphicsequencesof otherareasbeneaththeACC suchasthe AgulhasRidgeandthecentral

ScotiaRidge. TheAgulhasRidgelies alongtheFalkland-AgulhasFractureZoneandwasaf-

fectedby theopeningof gatewaysaroundAntarctica(Lawver & Gahagan,2003;Schutet al.,

2002).Uenzelmann-Neben(2001)identi�ed threedistinctre�ectionsin moundeddepositional
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sequencesacrossthe AgulhasRidge which shehasrelatedto bottom-currentactivity. The

datingof thesere�ections wasdeterminedfrom coredatapublishedby Tucholke & Carpen-

ter (1977)andTucholke & Embley (1984). Theotherdatasetusedfor correlationis from the

centralScotiaSeacloseto theFalklandTrough. Maldonadoet al. (2003)de�ned six seismic

stratigraphicunitsseparatedby unconformitieswhich weredepositedunderthein�uence of an

eastward �o wing ACC anda northward out�ow of WeddellSeaDeepWater(WSDW). Ages

wereestimatedby thesamemethodusedhere.Uenzelmann-Neben(2001)andMaldonadoetal.

(2003)suggestthattheoldestunconformity(i.e. yellow surface)at thebaseof thedrift formed

at initiation of theACC. Uenzelmann-Neben(2001)assumesanEarly/MiddleOligoceneage.

Maldonadoet al. (2003),however, determinestheonsetof thedrift in thecentralScotiaSeato

be of early Mioceneage,basedon basementage,which is in accordancewith our calculated

ageof thebaseof theSFSD.

We estimatethesecondunit boundarywithin theSFSD(i.e. greenhorizon)to beof Mid-

dle Mioceneage(14.5Ma, Table4). Uenzelmann-Neben(2001)andMaldonadoet al. (2003)

attributeda re�ection of this ageto changesin the global bottom-currentregime. At the Ag-

ulhasRidge, it is relatedto erosionandredepositionassociatedwith Antarctic bottomwater

(Uenzelmann-Neben,2001). In the centralScotiaSea,it is probablythe result of openings

in the SouthScotiaRidgewhich allowed north WeddellSeaWater to �o w throughthe Jane

Basinandgapsin the ridge(Maldonadoet al., 2003). On theseismicpro�les presentedhere,

this eventis oftenmarkedby a changefrom transparentto morere�ective seismicfacies.Hall

et al. (2003) recorda changein speedof the southwestPaci�c deepwesternboundarycur-

rentanda brief hiatusat this time, while Handwerger & Jarrard(2003)documenta reduction

in sedimentationratearoundAntarctica. This event haslong beenassociatedwith growth of

theEastAntarctic Ice Sheetwhich led to a periodof signi�cant globalcoolingat 14–14.5Ma

(Shackleton& Kennett,1975).

Thethird unit boundary(magentahorizon)within theSFSDis inferredto have formeddur-

ing Late Miocenetimeswhich correspondsagainto a known event in the othertwo datasets.

Uenzelmann-Neben(2001)suggeststhatthis strongre�ection formeddueto erosionandrede-

positionof sedimentsby CDW within theACC.At theAgulhasRidge,thehiatusis oftenclose

to andthusindistinguablefrom thesea�oor (Uenzelmann-Neben,2001),anobservationthatis

equivalentlyvalid for theSFSD.In thecentralScotiaSea,this eventwasrelatedto a reorgani-

sationof bottomcurrent�o w thatmaypredatetheonsetof groundedicesheetsontheAntarctic

Peninsulashelf(Maldonadoetal.,2003).Globally, thiseventis known from aroundAntarctica,

datedby Handwerger& Jarrard(2003)at 9 Ma, andfrom thePaci�c by Zhou& Kyte (1992),

datedat8.5Ma. Wehaveassignedanageof 9 Ma to this re�ection (Table4). Finally, anEarly
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Plioceneageis estimatedfor theyoungestunconformity(orangehorizon)whichmaybelinked

to openingof thePanamaSeaway, to onsetof majorNorthernHemisphereglaciation,or to the

greaterexpansionof Antarctic ice sheetsduringLatePliocenetimes(Maldonadoet al., 2003).

Althoughthis re�ectivesurfaceis recognizedin theAgulhasRidgedata,it wasnotdatedthere.

Wehaveassignanageof 4.5Ma to thisevent,baseduponsedimentationrates.

The Mid-Miocene increasein � 18O from 15–10Ma was initially associatedwith major

Antarctic ice-sheetgrowth (Shackleton& Kennett1975;Zachoset al., 2001). However, it has

also beendescribedas deep-water cooling of 4–5� C leadingto increasesin ice volume and

a drop in sea-level at 11–10Ma (Miller et al. 1987, Moore et al. 1987). Shevenell et al.

(2004)presenta Mg/Ca-derivedsea-surfacetemperaturereconstructionfor the SouthTasman

Riseacrossthemid-Miocenecoolingevent,which shows a stepwisedropover 300ky preced-

ing the increasein planktonic� 18O lasting100ky andalso,moreimportantly, a ratherabrupt

increasein benthic� 18O. They alsoshow thatthedropin temperatureprecedesa positivepeak

in foraminiferal � 13C (a minimum in pCO2), which implies that changesin the carboncycle,

oftencitedat otherclimatetransitions,wasnot thekey driving or amplifying force. Shevenell

et al. (2004)preferanexplanationwhich requiresstrengtheningof theACC causedby further

closureof the easternTethys(e.g. Woodruff & Savin, 1989;Flower & Kennett,1993)asthe

likely trigger which drove climateacrossa threshold.We notethat closureof the Indonesian

Gateway to major through�ow at about15 Ma couldhave servedasanotherfactorin causing

mid-Miocenecooling(Hall, 2002).

PaleoceanographicPathways

Thepresent-day�o w pathof the ACC is de�ned by reduceddepositionalthicknessesandthe

presenceof moatsandchannels.Pairedmoatsat the baseof the troughclearly show the ef-

fectsof a focussed�lament of thepresent-day�o w. Filled moatsat earliertimesareobviously

a very usefulguide for pinpointing the locationof ancient�o ws. About 23 Ma ago,a �o w

beganto transportsubstantialamountsof sedimentfrom thewest,favouring theaccumulation

of the SouthFalklandSlopeDrift. Given that this drift is situatedat depthsof 500–1500m,

this areamustpreviously have beenoccupiedby sometype of SouthernSourceIntermediate

Water(SSIW).Thebasalunconformitythereforemarksthechange-overbetweenthis,presum-

ably sluggish,SSIW �o w andthe ACC, which probablyalsocarriedSSIW. We assumethat

sedimentationrateswerehigh in Early Miocenetimes,decreasingfrom 36–46m/Ma to 13–15

m/Maafter9 Ma in thelateMioceneto Pleistoceneperiod.LatePleistoceneratesarevery low

(Howe et al., 1997). The mid-Miocenemaximumbetween14.5to 9 Ma is probablydueto a
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combinationof sedimentsupplyand�o w speed.Thelow Pleistocenesedimentationrateoccurs

despite�uctuationsof sealevel whichelsewherehavebeenresponsiblefor pumpingsigni�cant

quantitiesof sedimentoff theshelf.Weascribeit to strongcurrentsuppressionof accumulation.

Along the baseof the slope,topographicdepressionswere in�lled, as the pile of trough

sedimentsgrew, whereasdrift depositionwasconcentratedon mid-sloperegions.Orientations

of theaxesof contouritedrifts re�ect slope-controlledcurrent�o w. The increasein thickness

andwidthof theSFSDtowardsthenortheastsuggestsonepossibility—thattheFalklandIslands

becameanimportantsourceof sedimentfor drift construction,especiallyfor depositionof Unit

1B whensedimentationrateswerehighest.This sedimentsupplymight alsohave triggeredthe

shift in currentaxis (i.e. maximalthicknessaxis) for this unit. However, the shift could also

be relatedto deepeningof the gateway, allowing the ACC to �o w betweenTierra del Fuego

andBurdwoodBank. Equally, ACC �o w strengthcouldhave decreasedor thealtereddensity

structureof thewatercolumntriggeredashift in theaxisof maximalspeed.

Thesedimentwavesobservedon thesouthernslopesof the troughalsore�ect �o w distri-

butionpatterns.Mud wavesaredevelopedby theinteractionof persistentthermohalinebottom

currents,�ne grainedsedimentandpre-existing topography(Manley & Flood, 1993). In the

southernhemisphere,mud waves tend to form at an anglecounter-clockwiseto the prevail-

ing currentdirection,migratingup-currentandto the left of the current(Flood et al., 1993).

As the mud wavesshow a principal migrationdirectionupslope,anddown-current,towards

the south—althoughthe exact directionis not known— this observation is consistentwith a

slope-parallel�o w from eastto westgiving a cyclonic (i.e. clockwise)circulationwithin the

trough(Blumsack,1993). Although no studieshave yet resolved the bottomcurrentregime

westof BurdwoodBank,Cunninghamet al. (2003)suggestthatACC �o w shallower than400

m emerging from Drake Passagecouldpassover thesill betweenBurdwood BankandSouth

America. This �o w trendsnortheastalongthe southFalklandPlateauslope. The mud waves

observedhereprovideevidenceof awestward�o w alongthetrough.

4 Conclusions

The reprocessedseismicdatapresentedhereshow the developmentof a contouritedeposit.

Four sedimentunits arede�ned which show differentaccumulationpatternsandrateswhich

resultfrom changesin oceanographicandclimatic boundaryconditionsaffectingtheSouthern

Ocean. The unconformitiesseparatingthe differentseismicunits have beencorrelatedwith

majorclimaticandsedimentationeventsrecognizedin areaswheresedimentationhasalsobeen



KOENITZ ET AL : ACC CONTOURITE DRIFT 18

in�uenced by theACC and/orglobaldeep-watercirculation. Thedrift is depositedon an un-

conformitywhich is inferredto beassociatedwith thedeepopeningof Drake Passageandthe

consequentialonsetof deepACC �o w. Theageof thisbasallayerwasestimatedto beof Early

Mioceneage(24.5- 20.5Ma) which is in accordancewith thelatedatesfor ACCestablishment

of 22-17Ma proposedby Barker (2001),23 Ma by Pfuhl & McCave (2005),and< 25 Ma by

Lyle et al. (2007).A bright andcontinuoushorizonin themiddleof thedrift hasanestimated

ageof 14.5Ma which correspondsto the long-postulatedtiming of probableACC strengthen-

ing. Closeto thetop of thedrift, a signi�cant unconformityhasaninferredageof 9 Ma when

bottomcurrentsin the ScotiaSeawerereorganized. The youngestmappablehorizonhasan

estimatedageof 4.5Ma. We alsoshow seismicimagesfrom theFalklandTroughitself where

a stackof turbiditic sedimentshave beenresculptedto someextentby bottomcurrents.Filled

moatsandmudwavesarewell resolved. This depositis aneastwardcontinuationof theWest

FalklandTroughDrift which wasprobablydepositedby WeddellSeaDeepWater.

No wells have beendrilled in the westernFalkland Trough and our chronostratigraphic

framework is informedspeculation.The reprocessedseismicdatapresentedhereconstitutea

high quality sitesurvey for drilling a sedimentarydepositwhich will reveal importantaspects

of ACChistoryandatroughin�ll whichrecordstheverticalmotionsatamajorplateboundary.

The bestdrilling location is at 58.7� W, 53.2� S, wherePro�les 1, 7 and9 intersecton top of

thethickestpartof theSouthFalklandSlopeDrift. All four sedimentunitsandunconformities

could be penetratedat this location. A secondhole could be drilled further west at 60� W,

53.4� S, targeting trough sedimentsand the diageneticfront in order to correlatethem with

SFSDstratigraphy. If sucha hole weredrilled to more than1 km depth,it would establish

whethertherewasaswitchfrom turbiditeto contouritesedimentationandif sowhen.
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Contouritelayer Interval velocity, m/s Maximumdepth,m
Unit 2B 1512� 8.4 59
Unit 2A 1516� 11.4 129
Unit 1B 1608� 17.9 327
Unit 1A 1758� 14.8 522

Table1: Interval velocitiesandstandarddeviationsof individualdepositionalunits.

Contouritelayer Maximal thickness,m Av. max. thickness,m

Pro®le 1 2 3 4

Unit 2B 55 52 62 60 57 � 5
Unit 2A 62 61 70 58 63 � 5
Unit 1B 254 208 138 190 198� 49
Unit 1A 176 196 239 168 195� 32

Table 2: Maximal thicknessesandstandarddeviationsof individual depositionalunitscalcu-
latedfor seismicre�ection pro�les 1–4.Totalmaximalthickness= 625m.

Age,Ma SedimentationRate,m/Ma

KC100 Site329 Site512 ScotiaSea AgulhasRidge
Pleistocene 6 - 7 27 -
Pliocene 6 - 6 38 7.5
Late-MiddleMiocene - 33.8 9.5 58 17
Middle-EarlyMiocene - 35.1 20 50±80 30

Table3: Estimatedsedimentationratesandassociatedagesfrom literature(seetext for details).
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Unit Av. sed.rate,m/Ma Est.age,Ma Adoptedage Sed.rate,m/Ma
Max. Av. Max. Av.

2B 13.3� 11.9 4.7 4.3 4.51 13.8 12.7
2A 14.4� 15.7 9.5 8.7 9.02 15.6 14.0
1B 29.6� 21.5 18.1 15.3 14.53 46.2 35.9
1A 37.5� 19.4 24.5 20.5 23.04 28.1 22.9

Table 4: Sedimentationratesandstandarddeviationscalculatedfrom publishedvalueswith
consequentages, agesadoptedby assumedequivalenceto signi�cant climatic/circulation
events,andbothmaximalandaveragesedimentationratesimplied by this adoptedagemodel.
(1 = Coateset al., 1992; Farrell et al., 1995; Droxler et al., 1998. 2 = Zhou & Kyte, 1992;
Handwerger& Jarrard,2003.3 = Hall et al., 2003;Handwerger& Jarrard,2003.4 = Pfuhl &
McCave,2005,2005;Handwerger& Jarrard,2003).
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Figure 1: Bathymetricmapof region encompassingFalklandPlateauwhich shows locationof
seismicre�ection pro�les usedto imagecontouritedrift. Insetshows detailedlocation. Red
numberedlines = WesternGecolines usedin this study(lines1–5werereprocessedat 2 ms);
orangeline = segmentof FalklandIslandsRegionalSeismicTraverse(FIRST);thin white lines
= major frontsof AntarcticCircumpolarCurrent;thick yellow andgreenlines = pathwaysof
AntarcticIntermediateCircumpolarWaterandWeddellSeaDeepWater, respectively; solid red
circles= locationof DSDPandotherboreholesusedto constrainsedimentationrates.
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Figure 2: Threereprocessedanddepth-converted(assuminguniform velocity of XX km/s)
seismicre�ection pro�les which show generalcontext andgeometryof WestFalklandTrough
Drift (seeFigure1 for location). (a) Pro�le 1: clearestillustration of contouritedrift whose
baseis markedby highamplitudeunconformity. Notesteepnormalfaultswhichcut into �e xed
lithosphericplate,sometimesshowing stratigraphicgrowth. Smallnumberof faultspropagate
throughcontouritedrift. Minor unconformityis visible towardtop of contouritedrift. Present-
daymoatswithin deepertrougharemanifestationsof current�o w into andoutof WestFalkland
Trough.Migratingmoatsshow encroachmentof contouritedrift to north. (b) Pro�le 3: located
� 200km westof Pro�le 1. Drift is smallerwith alargeramplitudeandits southernedgeis now
partlyburiedbeneathtroughsediments.Moatatnorthernedgeof troughhasevolvedinto astep.
Diageneticfront is moreclearlyvisiblethanonPro�le 1. (c)Pro�le 5: located� 200kmwestof
Pro�le 3 closeto positionwhereWestFalklandTroughterminates.Drift is now barelyvisible
beneathencroachingtroughsediments.Troughitself is wider andshallower. Note extensive
mud wave �eld which is generatedby standingwave within watercolumn. Diageneticfront
spectacularlyimaged.
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Figure3: Pro�le 1. (a)Uninterpretedclose-upof northernportionwhichbestillustratesinternal
stratigraphyof contouritedrift which takesform of thin plasteredsheet.Mappableunitswithin
drift togetherwith its sharplyde�ned baseareclearlyvisible. (i) Detail which shows early �ll
of ruggedpre-existing topographyand�lled migratingandonlappingmoats.(ii) Detail which
shows normal fault acrosswhich stratigraphicgrowth hasoccurred. (b) Interpretedversion
whichshowsmappedhorizons,delineating4 sedimentarypackages,andnormalfaulting.
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Figure 4: Pro�le 2. (a) Uninterpretedclose-upof northernportion which alsoclearly illus-
tratesinternalstratigraphyof symmetriccontouritedrift. (i) Detail which moreclearlyshows
pre-existing topography, including channelstructure,and several migrating moats. (ii) De-
tail which shows onlappingstratigraphyabove youngestunconformity. (b) Interpretedversion
whichshowsmappedhorizonsandnormalfaulting.
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Figure5: Pro�le 3. (a)Uninterpretedclose-upof northernportionshowing smallerdrift which
is partly buried beneathtrough sediments. Crestof drift is migrating up onto shelf. Note
stratigraphiccontinuitywith previous pro�les but smallernumberof normalfaults. (i) Detail
showing way in which pre-existing topographyis sometimesfault-controlled.(ii) Detail which
showsencroachmentof troughsedimentsontosouthernedgeof contouritedrift. (b) Interpreted
versionwhichshowsmappedhorizonsandnormalfaulting.
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Figure 6: Pro�le 4. (a) Uninterpretedclose-upof northernportion. Note marked difference
with easternpro�les: contouritedrift is partly buried and reducedin extent while youngest
unconformitysurfaceis stronglyre�ective. (i) Detailshowing structureof contouritedrift above
youngestunconformity. Note migrationof crest. (ii) Detail showing buried sedimentwaves
within lowest stratigraphicunit. (b) Interpretedversionwhich shows mappedhorizonsand
normalfaulting.
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Figure 7: Pro�le 5. (a) Uninterpretedclose-upof northernportion. This westernmostpro�le
crosseswide andshallow endof troughwherecontouritedrift is muchdiminishedandalmost
completelyburiedby troughsediments.Early �ll is moreextensively developedandits top is
marked by a bright re�ection. Upperportion of contouritedrift is migratingnorthwards. (i)
Detail showing structureof contouritedrift above youngestunconformity. (ii) Detail showing
�lled onlappingmoatwithin troughsediments.(b) Interpretedversionwhich shows mapped
horizons.
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Figure 8: Pro�le 7. Notethatpro�le wasnot reprocessedat 2 msanddoesnot revealasmuch
detail. (a) Uninterpretedclose-upof centralportion. This east-westpro�le crossesnorthern
edgeof troughwherecontouritedrift is thickestandit illustrateshow contouritedrift migrated
duringits growth. Oldestpartof drift is acousticallytransparent.Baseof drift is clearlyvisible
especiallybetweenCDPs10000and13000. Internalstratigraphycanstill be correlatedwith
dip pro�les. (b) Interpretedversionwhichshowsmappedhorizons.
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Figure 9: Stacked line drawings of mappedre�ections which divide contouritedrift into 4
units. Numberedboxes= pro�le numbers;yellow andpink lines = basalunconformityand
youngestunconformity, respectively; greenandorangelines= prominentandmappableinternal
re�ections;blueline = seabed.Two-way travel timeanddepthscalesshown.
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Figure 10: Setof isopachmapswhich show thicknessof eachmappedunit andtotal thickness
of contouritedrift. Numberedblacklines= pro�les usedto mapdrift; darkandlight bluedashed
lines= 1000m and2000m bathymetriccontours;dashedlines= otherbathymetriccontours.
Note lobateshapeof contouritedrift andshortwavelengthlobeswhich indicatenorth-south
channelsalongnorthernedgeof trough.
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Figure11: Pro�le 6. Notethatpro�le wasnot reprocessedat2 msanddoesnot revealasmuch
detail. Uninterpretedclose-upof centralportion. This east-westpro�le runsalongnorthern
margin of troughcloseto baseof contouritedrift whereit is almostcompletelyburiedby trough
sediments.Most striking featureis narrow, �lled channelwhich is 748ms(i.e. 624m) deep.
This channelis clearly visible on isopachmaps(Figure10). Note signi�cant growth across
normalfault atCDP10500.
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Figure 12: Pro�le 1. Uninterpretedclose-upof southernportionwhich shows internalstratig-
raphyof troughdepositssouthof contouritedrift. Notebaseof triangular-shapedforelandbasin
which sitson top of �e xedandnormally faultedcrust. Densearrayof normalfaultsshow ev-
idenceof stratigraphicgrowth andsometimespenetrateinto basalsedimentsof the foreland
basin. Stratigraphywithin trough is rich with detail: note for exampleevidencefor diage-
neticfront andfor �lled onlappingmoatsat northernandsouthernedges.Romannumeralsare
broadlyindicativeof 4 differentstratigraphicpatterns.I = well-bedded,mappablestratawhich
show stratigraphicgrowth; II = parallel-bedded,mappablestrata;III = mixture of continuous
andwavy beddedstratawhichshow effectsof diagenesis;IV = youngest,poorlybeddedstrata.
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Figure 13: Pro�le 2. Uninterpretedclose-upof southernportionwhich shows internalstratig-
raphyof troughdepositssouthof contouritedrift. Comparewith pro�le 1. Notechangedshape
of baseof forelandbasinandof structurealongsouthernmargin. Diageneticfront clearlytrans-
gressessedimentaryarchitecture.Noteevolutionof moatstructurethroughspaceandtime.
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Figure14: Pro�le 4. Uninterpretedclose-upof southernportionwhichshowsinternalstratigra-
phyof troughdepositssouthof contouritedrift. Comparewith pro�les 1 and2. Thrustfaulting
is lessevidentalongsouthernmargin wherea�eld of mudwavesoccur. Filled onlappingmoats
areclearly visible at northernmarginandshow way in which troughgrew. SedimentaryUnit
II is exposedat surfaceandUnit III onlapsunconformitybetweenUnits II andIII. Diagenetic
front cutsacrossdepositionalunits andis clearly fault-controlled. Insetshows detail of mud
wave �eld. Noteamplitude,asymmetryandupslopemigrationof thesesinusoidalwaves.
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Figure 15: Maximal thicknessof mappedunitsplottedasfunctionof geologicage.This dia-
gramwasconstructedby assumingthatbaseof contouritedepositoccursat 21 Myrs. To start
with, sedimentationratewasassumedto beconstant.Rateswerethenadjustedslightly to en-
surethatboundariesbetweenmappedunitscorrespondto geologicallysigni�cant eventswhich
occurwithin realmof AntarcticCircumpolarCurrent.


