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We describethe internal structur e and stratigraphy of a well-imaged contourite drift
from the Southem Ocean. This drift, which we have named the South Falkland Slope
Drift, liesonthe northern ank of the Falkland Trough due south of the Falkland Islands.
Drifts which occur directly in the path of the Antarctic Circumpolar Current (ACC),
downstream of the Drake Passagegateway are of considerable paleoceanographicsig-
ni cance sincetheir detailed stratigraphic recordwill help to constrain the history of the
ACC. We have reprocesseda grid of seismicre ection pro les genemwusly provided by
WestemGecoin order to enhanceimaging of the South Falkland Drift and of drift de-
positswithin the trough. The resultant high quality imagesenableusto map the internal
architecture of the drift in unprecedentedetail. By combining seismicstratigraphic map-
ping with measued sedimentationrates from nearby boreholes,we have inferr ed agesof
the principal mappablehorizons. With minor adjustmentsto sedimentationratesthrough
time, we can show that theseagescorrespondto signi cant Southem Oceanevents. We
proposethat the South Falkland Drift initiated at 24.5-20.9Ma, in accordancewith some,
but not all, published estimatesof ACC establishment. A highly re ective horizon with
an estimatedageof 14.5Ma correspondsto growth of the East Antar 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 relatedto a reorganization of bottom current
o w which just predatedestablishmentof groundedice sheetson the Antar ctic Peninsular
shelf. Finally, a prominent Early Plioceneunconformity at4.5Ma could belink edwith the
onsetof major Northern Hemisphere glaciation or with Antar ctic ice sheetexpansion.We
concludethat this well-imageddrift isanimportant, and largely continuous,stratigraphic
record of ACC activity and that it would be an excellentdrilling target.

1 Intr oduction

TheAntarcticCircumpolarCurrent(ACC) is thelargestandstrongesturrentsystemon Earth.
It is responsibldor the bulk of watermassexchangebetweenthe Paci ¢, Atlantic andIndian
Oceanstransportingl00-140Sv (1 Sv = 10° m3s ) from westto eastaroundthe Southern
Ocean(Groseetal., 1995;Orsietal. 1995;Rintoul etal., 2001). This interbasinalexchange
transportgreshwater heat,saltandnutrientsglobally (Schmitz,1995,Nowlin & Klinck, 1986).
Henceanomaliedormedin onebasincanbe carriedto remotelocationswherethey may in-

uence climate (e.g. White & Peterson1996; Rintoul et al., 2001). Furthermore deepcir-

cumpolarcirculationis proposedasakey factorin thethermalisolationof EastAntarcticaand
the triggering of major growth of ice sheetsn the Oligocene(Shackleton& Kennett,1975;
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Zachoset al., 2001). The detailedhistory of the ACC is of considerablenterest,both on a
Cenozoictimescalewhich includescooling andglaciationof Antarctica,andon thetimescale
of Quaternarnyglacialcycles(Gordon,2001).

Althoughthe ACC is essentiallya westerlywind-driven o w over muchof its path,it does
extendto theseabedvhereit controlssedimentatiomatternspartly throughstrong o wsalong
its fronts and partly throughthe more generaleastvard o w betweenfronts (Barker, 2001).
Consequentlythe ACC should generatedenti able markers within the sedimentaryrecord
which canbe usedto constrainthe natureandtiming of tectonic,climatic, andoceanographic
events(Rack,1993;Barker & Thomas2004;Pfuhl& McCave, 2005;Lyle etal.,2007).These
markersmay manifestthemselesasmappabladiscontinuitiesandchangesn re ectivity pat-
ternsonseismicre ection data,or aschangesn physicalpropertiege.g.bulk density porosity
watercontent,grain size,consolidation)of sediment{Rack,1993). However, cautionis nec-
essaryin seismicinterpretationsincethe patternof pre-ACC oceaniccirculationis virtually
unknovn andsedimentompositioncanalsovary signi cantly asafunctionof biogenicactiv-
ity (Barker, 2001).

The Falkland Troughlies betweenthe Falkland Plateauand Burdwood Bank, southof the
Falklandislandg(Figurel). Thetroughdeepen$rom westto eastformingapronouncedbathy-
metric embaymenfpresentlyoccupiedat its westernend by the Sub-AntarcticFront (SAF).
Present-daysedimentatioris controlled by shallov-water componentsof the ACC, notably
AntarcticIntermediatéNater(AAIW) andUpperCircumpolarDeepWater(UCDW). AAIW is
characterizethy alow salinity layerthatcanbetracedinto the North Atlantic Ocean.Through-
outthe SouthernOceanthis layeris underlainby UCDW whichis characterizethy anoxygen
minimum layer suppliedby low-oxygenwater from the Indian and Paci ¢ basins(Callahan,
1972). Emeging througha gap eastof Burdwood Bank at 55 W which reachesl700m in
depth,UCDW and AAIW o w westwardsinto the Falkland Troughwherethey combineto
form the Falkland Currentwhich thenfollows the 1000m isobath(Figure1). At the western
endof thetrough,theshoalingseabe@ctsasanobstaclepreventingfurtherwestwardtransport
of waterandde ecting o w northeastwrdsat60 W.

Thetroughitselfis aforelandbasingeneratedby obliqueshorteningalongtheactive bound-
ary betweenthe SouthAmericanand Scotianplates(Bry et al., 2004). The geometryof this
largely symmetricalandunder lled troughis clearlyillustratedin Figure2. Southof the Falk-
land Islands,the active plate boundaryalongthe southernmaigin of the trough consistsof a
setof thrustfaultsextendingunderBurdwood Bank, a large shallowv plateaucenterecbn 54 S,
59 W. Thefrontal, active, fault is clearly visible at the southernedgeof a prominentsea-bed
moat(Figure2a). Thestructurallysimplernorthernmagin of thetroughis partof the Falkland
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Plateauwhich hasbeen e xed down to the south,presumablyby the encroachingrustalload
representedy BurdwoodBank. Thismaigin hasbeencutby closelyspacednorth-dippingnor-
mal faults,someof which shav demonstrablstratigraphigyrowth. A prominentunconformity
is visible, separatingoverlying Neogenesedimentdrom tilted andfaultedPaleogeng?) and
Mesozoic(?) strata.The moststriking featureson Pro le 1 arethelarge contouritedrift, which
sitsunconformablyon top of the de ected northernmagin, andthe wedgeof troughdeposits
(Figure2a). Howe etal. (1997)andCunninghanetal. (2002)used3.5 kHz recordsandlow-
fold seismicdatato demonstratehe importanceof Neogene-Recerontouritesedimentation
on seismicre ection pro les furthereast.They shavedthatplasteredrifts occuronthe more
exposedFalkland Plateauvhereascon ned andelongatedirifts aremore commonwithin the
relatively shelteredralkland Trough. We are primarily concernedvith the developmentof the
large plasteredrift which we referto asthe SouthFalklandSlopeDrift (SFSD).Cunningham
etal!s (2002)WestFalklandTroughDrift (WFTD) is con nedto thetroughitself. At thewest-
ern endof the trough,the WFTD probablyconsistsof current-revorked turbiditic sediments
originally transporteadiovn channeldrom thewestandnorth.

Contouritedrifts arelinked to the action of semi-permanenbottom currentsin deepwa-
ter, usuallyresultingfrom thermohalineand/orwind-drivencirculationin the oceansandtheir
mamginal seas.They areespeciallyjcommonalongcontinentamaiginsandat oceanicgatevays
(Stow et al., 2002). Both the SFSDandWFTD weredepositedand reworked respectiely by
vigorousbottomcurrentsassociateavith o w of the ACC asit emegesfrom Drake Passage.
Thesedrift sedimentgecordlocal changesn bottom-water o w and shouldbe animportant
sourceof ocean/climatgroxies(McCave & Hall, 2006). The stratigraphyof a drift is con-
trolled by two relatedprocessesThe dominantexternalcontrolis accumulatiorratewhich is
directly linkedto changesn sedimensupplyandcurrentactivity. Local processeée.g.biolog-
ical activity andwaterchemistryboth producinganddissolvingsedimenttomponentshave a
modulatingeffect.

The stratigraphicarchitectureof a contouritedrift is bestdeterminedrom multi-channel
seismicre ection pro les calibratedby well-log information. In the past,3.5 kHz andsingle-
channebr low-fold seismicsurweying have beentheprincipaltoolsalthoughthey aregradually
beingsupplantedy industry-standardurweying which exploits long streamerspowerful air-
gun arraysand high fold of cover. The resultantimagesde ne shapeandinternalgeometry
Contouritedrifts have lenticular corvex-upward shapes.Internally, they are characterizedby
sub-parallelmoderateto low-amplitudere ections which changegradationallybetweenseis-
mic facies,revealing lateral migration of the sedimentbody causedby interactionof bottom
currentwith morphology In the southerrhemispherethe Coriolis force de ectsslope-parallel
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currentgo theleft to produceup-slopedeposition(Faugereset al., 1999). Variationsin bottom
currentsareresponsibldor depositionof moundedandsheetedirifts aswell asfor episodes
of non-depositioror erosionwhich generatehiatuses.The internalre ectivity of a contourite
drift dependsuponacousticvelocity and densitychangeswithin the sedimentarypile. Thus
mappableseismicre ectionsprobablymanifesichangeselatedto phase®f sedimentatiosep-
aratedby non-depositioror erosve events. Laterally continuousre ections represenperiods
when sedimentsupply haschangedor when current-controllederosionoccurs. Suchevents
could have a climatic or a tectonicorigin (e.g. opening/closingof sills and gatevayswhich
controlbottomcurrent o w). They have oftenbeendemonstrablyinkedto changesn seismic
faciesandsene asthebasisfor division of thedrift into sedimenpackagegStow etal., 2002).
Lessre ective packagedetweenerosionaleventsrepresentelatively stablebottom current
regimes.

Our purposss three-fold. First, high quality seismicimageswith excellentsignalpenetra-
tion areusedto describehesetting,morphologyandinternalstructureof Neogenesedimentary
drifts which occurwithin animportantoceanographigatevay. Secondlywe have mappedhe
internal seismicstratigraphyof the SouthFalkland Slope Drift and shavn that the principal
stratigraphichorizonsrecordsigni cant changesn oceaniccirculation. Thirdly, we suggest
thatthis well-imagedcontouritedrift would make anexcellentdrilling targetandthatthis grid
of reprocessedeismicpro les constitutesa high-qualitysite surey.

2 SeismicStratigraphy

We have adoptedhedrift nomenclaturgroposedy McCave & Tucholke (1986)andFaugeres
etal. (1999). Identi cation of contouritedfrom sedimentarfeaturesaloneis dif cult because
the slow and continuousnatureof accumulatiormeansthat primary featurescan be masled
or removed by secondaryeffects suchasbioturbation(Stow et al., 2002). Accumulationrate
is controlledby intensityof the bottomcurrentandby availability of terrigenousandbiogenic
sediment(Faugereset al., 1993). Drift geometriesare groupedinto four main classeon the
basisof overallmorphology:sheetselongatanoundschannel-relatedrifts andcon ned drifts
(Stow etal., 1998). The SouthFalklandSlopeDrift fallsin thesheetateyory andis a“plastered
drift”. TheWestFalklandTroughDrift is achannel-relatedr con ned drift.
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ProcessingStrategy

The grid of seismicre ection pro les shovn in Figure 1 wasacquiredby Geco-Praklgnow

WesternGeco)n 1993. The dataare of excellent quality and have a recordlength of 9-12
secondgwo-way travel time. An airgun array consistingof 40 bolt guns,rangingin volumes
from 30-500cubic inchesand with a total volume of 7288 cubic inches,was towed at an
averagedepthof 7.5m. This arraywas red every 40 m at a pressureof 2000psi. A 4780
m long streamemwith 240 datachannelsa neartrace offset of 92—-97m, anda 20 m group
interval wastowed at 10—10.4m depth. The resultantfold of cover is 60 with a samplingrate
of 2 ms. Thesedatawereacquiredandprocessedh orderto imagethe generalkstructureof the
SouthFalklandTrough. Althoughthe contouritedrift andtroughdepositsareclearlyimagedon

the original stacled sectionsthe original processingequencelid not speci cally targetthese
shallov features.

In orderto generatehigherresolutionimagesof the contouritedrift, we have reprocessed

eld tapesof Pro les 1-5 at their original acquisitionsamplerate of 2 ms. The reprocessing
sequencgvasspeci cally designedo enhancemagingof thetop 3 s. Salientfeaturesf thisse-
guencearesourcesignaturedecowolution, densevelocity analysis source/receer deghosting
andpost-stacknigration. Sourcesignaturedecomwolution wasappliedto shotrecordsby using
therecordedfar eld sourcesignature.This form of deterministicdecowolution doesdepend
uponthe exactrepeatabilityof the airgun source.Inevitably, changesn sourcedepthandsea
statemeanthatthe true sourcewaveformvariesthroughtime. Neverthelessin theabsencef a
far eld sourcesignaturefor every shot,our limited applicationof deterministicdecowolution
doessuccessfullyremorve the bubble pulseand considerablyreducereverberation.A low-cut
Iter helpedto reducelow frequeng noisewhich tendsto be enhancedvhenthe sourcesig-
natureis imperfectlyknown. Velocity analysesvere carriedout every 2 km. Deghostingwas
appliedafter normalmove-outcorrectionandstandardnultiple enegy suppressioiy assum-
ing aconstansource/receerdepthanda at seasurface.Deghostingwassuccessfuin further
compressinghesourcesignalandreducingringing. A standardgphericaldivergencecorrection
wasusedto remove amplitudetransmissionossesut otherwiseno automaticgaincontrolwas
appliedand so the seismicimagesare shovn at true amplitude. Finally, we did not attempt
to carry out pre-stackdepthmigrationsincestructuraldips andvelocity contrastsare modest.
Instead a Stoltf-k time migrationwith a constanwelocity of 1500m/swasapplieddown to the
waterbottommultiple wherea bottommutewasset. Beforethe dataweretransformednto the
Fourier domain,vertical stretchingwasappliedto allow for verticalchangesn velocity. This
simplemigrationalgorithmsuccessfullyemovedall signi cant diffractionevents.

We presenbothtime anddepth-cormertedpro les. Beforedepthconversion,astaticcorrec-
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tion of +12 mswasaddedto compensatéor sourceandrecever depth. Time-to-depthcorver-
sionwascarriedoutusingthepickedroot-mean-squarg@RMS) velocitiesandlateralvariations
weretakeninto accountby averagingvelocitieswithin a givensedimentarsequenceTablel
shows the interval velocitiesassignedo the differentsequencesThesevelocity valuesagree
with commonlyassumedralues. For example,Howe & Pudsg (1999) assumed maximal
acoustiovelocity of 2000m/sfor contouritedepositan thenorthernScotiaSeaandHowe et al.
(1994)assumedelocitiesof 1550m/sfor acontouritedrift in thenorthernRockall Trough.Our
methodis simpleandapproximatebut it is reasonablén theabsencef boreholeinformation.

Thereprocessetmagesareshovn in Figures2—7 and 12—14. Signalpenetratiorandver-
tical resolutionare excellent, demonstratinghe value of usingindustry-standardcquisition
combinedwith aprocessingequenc&hichwasspeci cally designedo enhanceshallov sed-
imentarystructures.

The South Falkland SlopeDrift

Stratigraphicmappingwas carriedout on the reprocessedersionsof Pro les 1-5which are
approximatelydip lines crossingthe SouthFalkland Trough. Previously processedrersions
of Pro les 6-9, which are roughly parallel to the strike of the basin, were usedto provide
additionalconstraints.Thesecrosslines wereresampledat 4 ms during processingand have
not beendepth-corerted. Pro les 1-5and6—9 do not preciselytie sincedifferentpost-stack
time migrationalgorithmswere used(Stolt andf-x algorithms,respectrely). Figure2 showns
three representatie north-southpro les which illustrate the structuralcontext of contourite
drift andtrough deposits. The contouritedrift is clearly visible on Figures2a & b whereit
sitson top of truncatedandnormally faultedMesozoicsedimentaryockswhich constitutethe
e xed northern ank of the SouthFalkland Trough(Bry etal., 2004). It is muchlessobvious
on the westernmosline whereit is muchreducedandpartially obscuredy onlappingtrough
deposits Wherethe contouritedrift is thickest,it consistof aregularstackof clearlymappable
re ections, several of which arevery prominent(Figure 2a). This stratigraphicpile hasbeen
slightly disruptedby a seriesof steepnormalfaultswhich cutinto the e xedplatebeneathOne
obviousunconformityoccurscloseto thetop of the contouritedrift (Figure2b).

Close-upsf the SouthFalklandDrift have beenusedto mapits internalstratigraphy(Fig-
ure3-7). Thedrift thickensandwidenstowardthe northeasttakingtheform of athin plastered
sheet. Waterdepth changesrom 650-1100m along the westernmospro le to a rangeof
400-2000m furthereast(compard-igures3 and7). Lenticular symmetricandasymmetricde-
positionalunits separatedy continuouse ectionswhich onlapanddownlapontoanirregular
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basaldiscontinuitycanbeidenti ed. ThereareoccasionaisolatedchannelsThis basaldiscon-
tinuity dips southvardsandit is usuallya major unconformity BetweenMesozoichasement
andunconformity a sporadic early sedimentaryn [l canberecognized Occasionalncisions
indicatetheexistenceof erosve channelge.g.Figure6). Minor normalfaults,whichdissecthe
drift, arecausedy downwarpingof thenorthernmaigin of the FalklandTrough. Someof these
faults breakthe seabed or have demonstrablestratigraphicgrowth which shavs that normal
faultingoccurredduringdrift deposition.On Pro les 1 and2, aggradationaandprogradational
packagesccompaniedby thinningtowardsthe drift magins areobsened andthe entirecon-
tourite drift bodyis moreor lesssymmetrical.FromPro le 3 westward, however, the crestof
the drift migratesnorthwardsuntil it is at the northernendof the contouritedrift on Pro le 5
(Figure 7). The uppermostsedimentsare separatedrom the main contouritedrift body by a
prominentunconformity

Onemight expectto have contouritedrift accumulation®n both anks of the SouthFalk-
land Troughandwithin thedeepeipartof thetrough. Thereis acon ned drift within thetrough
whichgrows eastvardasidenti ed by Cunninghan& Barker (1996)andby Howeetal. (1997).
However, aplasteredirift hasonly grown onthenorthernank of thetrough,probablybecause
thesouthernank is steeperErosive featuressuchasmoatsaremorecommonin the south.

The Major SedimentarySequences

We have usedthe seismicre ective characteof the SouthFalklandSlopeDirift to identify and
mapfour surfaces.Inspectionof Pro les 1-5suggestshatthereareseveralprominentinternal
re ectionswhich canbe usedto sub-dvide the drift. The basalunconformity(yellow horizon)
is eminentlymappableandrepresentshe bottomof thedrift. Initiation of drift accretioncould
have beenarespons&o a decreasand/orareorientatiorof currentactvity. Theyoungemain
unconformity (magentahorizon separatingJnits | andll) is de ned by truncationof re ec-
tions andis causedoy erosionandredepositiorof sediments.This surfaceis representedby
a relatively strongre ection which is often closeto, and thus sometimeshardto distinguish
from, the seabed(Figure7). In betweenthesetwo major unconformitiesa strongre ection
(greenhorizon)canbeidenti ed delineatinga changen seismicfaciesfrom themoretranspar
entlower sedimentarysequencgUnit 1A) to a morere ective seismicfacies(Unit 1B). The
youngespackageabove the youngerunconformity(magentéahorizon)canalsobe dividedinto
two sequencegUnits 2A and2B) by anotherstrongre ection (orangehorizon), separatinga
regularanda morechaoticsequencéFigure9). Thisre ection is scarcelyidenti able on Pro-
le 5. Sincethe SFSDthins considerablyto the south, it is not possibleto tracethis unit on
Pro le 6, sothatthethicknessof sedimenbetweernthe youngerunconformityandthe seabed
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is unknawn.

Unit 1A is acousticallytransparentvhich suggestshat depositionwascontinuousandho-
mogeneouste ecting moderateto low bottom currentvelocity of 10 cm/s. Generally the
re ectionswithin this sequencenlapanddownlapontothe basalunconformity(Figure8). On
dip pro les, this lowestsequencappearso be more or lesssymmetrical. This symmetryis
clearly evident on the isopachmap (Figure 10). Two minor anomaliesnterruptthe smooth
variationin thicknessacrossand along the unit. The moststriking oneis relatedto a deep
V-shaped:hannektructureseenon Pro le 6 (Figurell). It is locatedat CMPs8600—-940Me-
tweenPro les 2 and3, closeto the baseof the northernslopewheremoat-like structuresoccut
This channelincisesinto sedimentdeneaththe drift to a depthof 568 ms (i.e. 500m) andit
hasa maximalwidth of about8 km. It is the deepesteatureon the seismicpro les andwas
almostcertainlycut by turbidity currents.Anotherchannelstructurewasidenti ed within the
sedimentarnsequencen Pro le 2 at CMP 12500(seeinsetof Figure4). A secondanomaly
on a muchsmallerscale,is found on the sameline at CMP 11500-1410@&nd hasthe shape
of a basin: it is 26 km acrossbut only 130 ms (i.e. 115m) deep. It is probablydrift Il of
pre-«isting roughtopography Strongercurrentactvity at earliesttimescanalsobe deduced
from the buried sedimentaryvavesobseredon Pro le 4 (seeinsetof Figure6). Similar fea-
turesoccurat the baseof the slopeabove anold channeincisionin anunderlyingsedimentary
sequenc®f 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 distribution alongthe slope.Along axis, current o w slowly promoted
growth whereasat the drift maigins, o w wasintensi ed and only thin depositsand erosve
featurege.g. depressiongnoats)arefound. The currentaxis followedthe slopearoundfrom
moreor lessW-E, changingo SW-NE atthe easterrend.

Unit 1B is the thickest packageand hasstronginternal layering. This seismicfaciesis
indicative of alundanthiatusesand periodsof condensedgedimentatiorwhich are probably
linkedto increasedottomcurrentintensity It suggestgpisodicsedimentationvith morevari-
ability in eithercurrentvelocity or sedimentsupplyor both (Stawv et al., 2002). On Pro les 4
and5, this seismicfaciesbecomesnoretransparensuggestingnoreuniform depositionn the
west. On all lines exceptPro le 6 wheresedimentcover is very thin, re ections within this
sequencenlapontoboththeunit beneathand,up dip, ontothebasalunconformity Deposition
within the unit is thusasymmetricand migratesupslope. This migrationis con rmed by the

lled moatswhich are generatedvhen onlappingsurfacesmigrateupslope. Thesecollective
obsenationsclearly illustrate growth of the drift (see,for example,insetsof Figure3 and4).
Maximal thicknessof this sequencés 332ms (267 m) with a depocenteon Pro le 8 (Figures
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9 and10).

A dramaticchangeoccursat the boundarybetweenUnits 1B and 2A. Overall, Unit 2 is
thinnerand of muchlesserextentthanUnit 1. This changere ects eitherreducedsediment
supplyor strongerACC o w. Unit 2A is muchsmallerthanUnits 1A and1B. Thereductionis
especiallyclearin thewestermpartwhereonly averythin sedimentoverremains.Themaximal
thicknessis 148 ms (113 m). Internally, Unit 2A's re ections onlapand partly downlap onto
theunderlyingunconformityandthey aretruncatedatthe seabed. The seismicfaciescharacter
variesfrom morere ective to moretransparenfcompareFigures3 and6). The depositional
axissuggests nearlyW-E currentdirection.

Finally, Unit 2B is dominatedy sub-parallelmorediffuseandchaoticseismicfacieswhich
indicatesintensi ed bottomcurrentactiity ( o w speedf 12—20cm/saccordingto Figure8
of McCave & Hall, 2006)andpossiblyasigni cant decreasé sedimensupply(e.g.Figurest
and7). Progressie onlapof sub-parallelaterally continuousre ections with high amplitudes
suggestan upslope(northward) progradingpattern. Internal re ections are truncatedat the
unconformityand at the seabed. More westerlypro les showv that the northernmaigin of
the plasteredirift underwenperipheralscouringwhich causederosionakruncation.Sediment
thicknesds considerablyeducedo a maximumof 95 ms (72 m). Thedirectionof the current
axisis W-E, tendingto SW-NE atthe easterrend.

Figures9 and 10 summarizethe stratigraphicgrowth of the SouthFalkland Slope Drift,
which coversabout5500km 2. Theonly signi cant anomaliesarecausecy channeincisions
alongits southerrperimeter Theinferredcurrentdirectionis SWENE, following the bathymet-
ric contoursaswell asthe present-dayo w of the ACC.

WestFalkland Trough In®II

Depositswithin the SouthFalkland Troughwere formedfrom sedimentwhich was predomi-
nantlytransportedby turbidity currents.Thesecurrentscamefrom thewest,north,andpossibly
south.OnPro le 1,thedeposits slightly moundedvhichagreesvith Cunninghanetal. (2002)
who shaw thatit hasbecomea con ned drift by 56 30° W. We have not attemptech detailed
breakdaevn of thestratigraphyNeverthelesstheexcellentacoustiamagesdisplayedn Figures
12—-14areworthy of analysis.Thedominantfeatureof thetrougharebright, time-transgresse

re ections cross-cuttingorimary sedimentanstrata. Thesebright re ections occurthroughout
the SouthFalkland Troughbut they aremoreclearly developedat the westernendwherethey

arecompartmentalizefly steepnormalfaults(e.g. Figure 14c). They represenstrongacous-
tic impedancecontrastswvhich absorbmostof the transmittedseismicsignaland, asa result,
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underlyingstrataaremuchmoreweaklyimaged.Without boreholecontrol, the origin of these
featuresremainsuncertain. However, the mostlikely causeis silica diagenesisrom opal-A
to opal-CT which can generatechangesn lithi cation which give rise to strongimpedance
changege.g. Davies, 2005). Similar featureshave beenobsered on multi-channelkseismicre-
ection datafrom the easterrFalklandTroughby Cunninghanetal. (2002).Carter& McCave
(1994)andCarteretal. (2004)identi ed are ection within the North ChathanDrift, initially
thoughtto bea proto-drift but which subsequerdrilling on ODPleg 181 (site 1123)hasshavn
to beadiagenetidront.

Proles 1, 2 and 4 illustrate how the internal stratigraphyof the West Falkland Trough
evolvesasthe troughitself shallovs markedly from eastto west(Figures12—-14). On Pro le
1, thetrough Il clearlyformsatriangularwedgewhich represent$orelandbasinsubsidence.
Thisaccommodatiospacenvasgeneratedby thrustloadingof the FalklandPlateauthefrontal,
active thrustfault is clearly obsenedandthe e xed FalklandPlateaus cut by closelyspaced,
steepnormalfaults (Figure12a). At the seabedfwo moatsoccuron eitherside of the trough
andbathymetryis similar to thatdescribedy Cunninghanetal. (2002)from seismicpro les
locatedfurthereastbut withouttheclearlymoundedlrift. Thismoatcon gurationsuggestetb
themthatthetrough Il wasacon ned drift deposit.Thesemoatsarelessdistinctve on Pro le
2 wherethey arereducedto stepson the southernside of the trough. Sea-bednoatsareno
longervisible on Pro le 4. This moatevolution is consistentvith looping of bottomcurrents
which o w clockwisearoundthewesternendof of thetroughbeneattthe SAF.

Thetrough Il is animportantrecordof forelandbasinevolution aswell asbottomcurrent
activity. However, SouthFalkland SlopeDirift stratigraphicnappingcannotbe extendedinto
thetroughitself becaus¢roughsedimentationvasmainly controlledby turbidity currents.The
chiefsourceof troughsediments probablyterrigenousnaterialtransportecxially from south-
ernSouthAmericawhile somematerialmayhave beensuppliedrom BurdwoodBankandfrom
the FalklandPlateau.We have roughly dividedthe Il into four stratigraphicsequenced/nits
I-IV (Figures12—-14).Unit | is wedge-shapedndsitsunconformablyagainstilted andfaulted
Mesozoicstrata.The seismicfaciesis generallytransparentvith severalbright andcontinuous
re ections. Thereis overall stratigraphicgrowth towardsthe active plate margin with occa-
sional prominentunconformitieswhich demonstratethat Unit | was depositedduring active
plate bendingwhenforelandsubsidenceommenced On Pro le 1 (Figure12), normalfaults
penetratento Unit | with stratigraphiayrowth which shavs that e xing of the platecontinued
duringin lling. Furtherwest,Unit I becomesnoredeformedalongthe southerrboundaryof
thetrough(Figure13). Thereis little evidencefor moatformationwithin Unit | althoughiso-
latedchannelsareoccasionallyisible. This absencesuggestshatthis unit predatedJnit 1A of
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thedrift sequencevhencurrentsmusthave beenactive.

The overlying Unit Il hasa sag-like appearancaith more continuousandcloselyspaced
re ections. OnPro le 1, thisunitis partially obscuredy diagenetieffectsalthoughit is more
clearly visible on Pro le 2 wherethereis a single, discretediageneticfront. Unit Il is much
lessaffectedby normalfaulting, especiallyon Pro le 1. Stratigraphiagrowth is alsomuchdi-
minishedwhich suggestshatthe rateof forelandsubsidencéasdecreasedThe northernand
southerredgesof Unit Il arecharacterizethy aseriesof pronouncednoatswhich arebestseen
on Pro le 1 andmuchdiminishedon Pro les 2 and4, especiallyalongthe southernmargin.
Thesemoatscontinueinto the overlying strata. The seismicfaciesof Unit Ill consistsof a
mixture of continuousandwavy re ectionswith a partly transparentharacterThe succeeding
Unit IV is rathersimilarin characterNeitherunit shavs muchevidencefor stratigraphigrowth
againsthe active boundarywhich suggestshat deformationalongthis boundarybecamepre-
dominantlystrike-slip. At the easterrendof the trough,Units Ill andIV areparallelto each
otherand conformablewith underlyingunits. At the northernmangin of the trough, all four
units onlapthe trailing edgeof the SouthFalklandDrift. This geometrychangedurtherwest
whereUnitslll andlV onlapthetop of thelower unitsandthickento thesouth(e.g.Figure14).
This changés associateavith theabruptdisappearancef moatstructuresvhich arepresentn
Units Il onPro le 4 andis probablyrelatedto alocal decreasén currentspeedat the western
endof the trough. This decreasés causeddy a deepeningdf the o w asUnit Il pinchesout
belov 1200m. Burial of thetrailing edgeof the SouthFalklandTroughgivestherelative ages
of Units I-IV. Unit | mustpredateUnit 1A of the SouthFalklandSlopeDrift. We suggesthat
Unit Il broadly correlateswith Unit 1A of the SFSDandthat Units Ill andIV correlatewith
Unit 2B.

Migrating Waves

In the middle of the southernslopeon Pro le 4 (Figure14) andon Pro le 5 (Figure2c), an
aggradationastackof depositionalnits comprisinga eld of smallsedimentaryvavesis vis-
ible. Thesewavesare sinusoidal,but asymmetricwith internalre ection geometriesvhich
indicateupslopemigration. They vary considerablyn size.OnPro le 4, thewave-like charac-
terof theseabedaouldbemistalkenfor creep.OnPro le 5, wherethewave morphologyis more
distinct, the patternis probablygeneratedy a eld of smallmudwaves. Therearedifferent
scalesnf waves: while the smallestwavesareapproximatelys00 m long andabout25 m high,
thelargerwaveshave awavelengthof 2 km anda maximalpeak-to-trouglneightof 120m. Un-
derlyingsediment$iave conspicuousvavy re ectionsatdepthsof 100and150monPro les 4
and>5, respectiely. On Pro le 5, deepemoundedyeometriesat CMP 4050-4350nda depth
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of 1200m andat CMP 3500-375@ndadepthof 900m indicatetheexistenceof anolderburied
train of thesemigratingbedforms.Mud wavesare commonlyassociatedavith bottomcurrent
actity on contouritedrifts (Flood, 1988,McCave & Tucholke, 1986; Faugereset al., 1999).
Modelsof mud-wave dynamics(Flood, 1988; Blumsack& Weatherly 1989)predictthatthey
are generallyorientatedobliqueto the prevailing o w direction. The causatie o w for such
wavescanbe eitheralong-slopébottomcurrentsor downslopeturbidity currents(Flood, 1994;
Wynnetal.,2000).Here,sub-surlcelayeringindicatesupslopeanddown-currentmigrationin
a southwesterhdirection. Upstreamcurrentvelocity is lower on the upstreanfaceandthere-
foredepositiorpreferablytakesplacetherewhile lessdepositiorandpossiblesrosionoccurson
thedownstreamank wherebottom o w accelerate@~lood,1988).This 0 w regimegenerates
theslightly asymmetriccharacteof thewaveswhichindicateghatprocessemaintainingthese
wavesarecurrentlyactve (Manley & Flood,1993).

Trough-Filling Mechanisms

It is dif cult to assestherelatveimportanceof turbiditic andcurrent-depositesedimentvithin
thetroughitself. To whatextentaretroughsedimentsarriedin by bottomcurrentsfrom else-
whereor arethey simply resculpted?The narrov deepchannelstructureobseredin Pro le 6
providesanimportantclue (Figure11). This lled channekunsnorth-southdown the Falkland
Plateautowardsthe troughandit wasundoubtedlycut by turbidity currents. The baseof the
channelis atleastat 2.95s or > 2.2 km belav sealevel. This depthis beneaththe present-day
trough Il asonemight expectandalsoshaws thatthe unitsfed by the channelareno younger
thanUnit Il andmostprobablyUnit I. In that case,Unit | predateddrift formationsincethe
channelmusthave lled rapidly asthe drift grewv. During the early history of the trough, the
channelwould have actedasa turbidity currentconduit,takingmaterialfrom the plateauo the
deep-vatertrough. Today the easterrendof the troughshallovsto 3100m from depthsof
up to 3740m furtherwest. Onepossibility, therefore js thatthe currentof WSDW transported
sedimentsweptoff thesouthsideof thetroughasdescribedy Cunninghan& Barker (1996).
Of course,onsetof drift formation doesnot necessarilyneanthat axial supply of turbidite
sedimentgeased.
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3 Chronostratigraphic Framework

Initial Hypothesis

Previous studiesdemonstratéhein uence of ACC bottom o w on sedimentatioron the slope
and oor of theFalklandTrough(Howe etal., 1997;Cunninghanetal., 1998; Cunninghanet
al.,2002).DSDPcoresalsoprovide evidencethatthe FalklandPlateautself hasbeensubjecto
prolongednon-depositioror erosionsinceEarly Miocenetimes(Barker etal., 1976).Inception
of drifts in this areais probablyrelatedto the onsetof deep-vater ACC ow asthe Drake
Passagegatavay opened.Spreadingn the Drake Passageould have startedat 26.5Ma but it
wouldinitially have ledto only ashallonv opening(Barker & Burrell, 1977).Neitheranentirely
shallav (i.e. continentakhelf) pathnor anincompletepathwould have led to the creationof a
large ACC (Barker, 2001). While openingof the TasmanGatevay beganat about35.5Ma and
wascompletedby 30.2Ma (ShipboardScienti ¢ Party, 2001),the datingof the openingof the
Drake Passages moredif cult to determinebecausef the lack of suitablewell data. Barker
(2001)amuesthatit took placeat 20-22Ma while Lawver & Gahagar(2003)have proposed
amuchearlierdate( 31 Ma). Livermoreetal. (2007)alsosuggest pre-29Ma inception.
Contouritedepositswithin the Falkland Troughand Plateautogetherwith drifts in the central
ScotiaSeaprobablycontainusefulsedimentargonstraintsvhichwould helpto re ne thisdate.
Recentwork by Pfuhl & McCave (2005)suggestanincreasan o w speedandhomogeneity
of the SouthernOceanwatermassesearthe Oligocene-Miocen&doundaryat 23.95Ma (now
setat 23.0Ma by Lourenset al., 2004), which they relateto establishmenbf a complete
ACC associatedvith the deepopeningof Drake Passage.Lyle et al. (2007)have alsoused
seismicandbiostratigraphicevidenceto supporta post-25Ma onsetfor ACC. Assumingthat
the basalunconformityof the SouthFalkland Drift marksthe onsetof full ACC, the datingof
this boundarywould be animportantcontritution.

In orderto estimateagesof thefour mappedsedimentarynits of the SFD andtheir bound-
ing unconformitiesye rst determinedaveragemaximalunit thicknesseskour representatie
pro les from the middle of the drift were chosenandthe maximalthicknessof eachunit was
estimated.Outlying pro les andcross-linesnvere excludedsincetheir sedimentarycover was
thinnedby erosion. We also avoidedanomalousareaswherelarge channelstructuresare ob-
sened. Calculatedhicknessesaregivenin Table2. It is moredif cult to determinesedimenta-
tion ratesin the absencef local well data. However, Late Quaternarysedimentatiomatescan
be obtainedfrom a nearbysurfacecore,KC100, aswell asfrom DSDP and ODP corestaken
from Maurice Ewing Bank (Howe et al., 1997; Figure 1). Stratigraphicanalysisof KC100,
whichis situatedon the slopingFalklandPlateaun the easterrpartof thetroughyieldsa sedi-
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mentatiorrateof 6m/Mafor theinterval 1.6—2.3m. Howe etal. (1997)useddiagnosticspecies
to correlatethis interval to the period0.8—1.9Ma. This corehashighly condenseaontourite
sequencesvhich indicatesustainedoeriodsof non-depositiorand erosionrelatedto intensi-
ed ACC actwvity during Late Pliocene-EarlyPleistocengimes(Howe etal., 1997). Sites329
(DSDPLeg 36)and512(ODPLeg 71) arelocatedcloseto MauriceEwing Bankabout800km
from the Falkland Trough(Figurel). Despitethis greatdistancewe have exploitedthesecores
becausesedimentatiortook placeunderthe in uence of the deepelL.CDW componenbf the
ACC. Site 329, situatedwestof MauriceEwing Bankin awaterdepthof 1520m, wasdrilled to
obtainthe shallov-water Neogenebiostratigraphicsection(ShipboardScienti ¢ Party, 1977).
This site providessedimentatiomatesfor the Miocenesequencevhile Site 512 wastargetedat
the Oligocene/Mioceneboundary(ShipboardScienti ¢ Party, 1984). This lattersiteis located
eastof the MauriceEwing Bankin awaterdepthof 1845m. Theresultantsedimentatiomates
canbe comparedo valuesfrom the centralScotiaSea(Maldonadoet al., 2003)andfrom the
AgulhasRidge(Schutet al., 2002)wherecontouritedrifts relatedto ACC o w have alsobeen
obsered. Sedimentatiomatesfor thesedifferentlocationsare summarizedn Table3. They
have considerablescatter Lateralvariationsin thethicknessesf individual sedimenunitssug-
gestthatsedimentatesare spatiallyvariableasa consequencef changesn currentintensity
(Faugeresetal., 1993). We have includedall measuredatessinceit is hardto ascertairwhich
valueswould be the mostrepresentatie for the SFSD.Although KC100is situatednearesto
thedrift, it is locatedbeyondthe datacoveragein the areawherethe SFSDpetersout. In con-
trast,valuesfrom the centralScotiaSeamaybe moreappropriatgo the FalklandTroughwhere
ratescanbe expectedto be high. An averagesedimentatiomate wasthencalculatedfor each
sedimentarynit andthe ageof eachunit wasestimated Table4). Ageswerealsocalculated
usingthe maximalthicknessof eachunit sincethis minimizesthe effect of erosionalcut-out
at sequencdoundariesn the chronostratigraphicnodel. Our calculatedagessuggesthatthe
bulk of the SouthFalklandDrift formedduringMiocenetimes. The baseof thedrift is datedat
20.6 Ma which correspondso Barker's (2001)estimateof ACC onset. Evenallowing for the
highestsedimentatiomate,we do not obtaina dateasold as30 Ma.

Re®nement

The calculateddatesof the internal sequencdoundariescan be correlatedto seismicstrati-
graphicsequencesf otherareasbeneatithe ACC suchasthe AgulhasRidgeandthe central
ScotiaRidge. The AgulhasRidgelies alongthe Falkland-Agulhad-ractureZone andwasaf-
fectedby the openingof gatevaysaroundAntarctica(Lawver & Gahagan2003; Schutet al.,
2002).Uenzelmann-Nebef2001)identi ed threedistinctre ectionsin moundeddepositional
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sequencesacrossthe Agulhas Ridge which she hasrelatedto bottom-currentactvity. The

dating of thesere ections was determinedrom core datapublishedby Tucholke & Carpen-
ter (1977)andTucholke & Embley (1984). The otherdataseusedfor correlationis from the

centralScotiaSeacloseto the Falkland Trough. Maldonadoet al. (2003)de ned six seismic
stratigraphiaunits separatetby unconformitiesvhich weredepositedinderthein uence of an

eastvard o wing ACC anda northward out ow of WeddellSeaDeepWater (\WSDW). Ages
wereestimatedy thesamemethodusedhere.Uenzelmann-Nebef2001)andMaldonadcetal.

(2003)suggesthatthe oldestunconformity(i.e. yellow surface)at the baseof the drift formed
atinitiation of the ACC. Uenzelmann-Nebe(2001)assumesn Early/Middle Oligoceneage.
Maldonadocet al. (2003),however, determineshe onsetof thedrift in the centralScotiaSeato

be of early Mioceneage,basedon basemenage,which is in accordancevith our calculated
ageof thebaseof the SFSD.

We estimatethe secondunit boundarywithin the SFSD(i.e. greenhorizon)to be of Mid-
dle Mioceneage(14.5Ma, Table4). Uenzelmann-Nebe(2001)andMaldonadoet al. (2003)
attributeda re ection of this ageto changesn the global bottom-currentegime. At the Ag-
ulhasRidge, it is relatedto erosionand redepositiomassociatedvith Antarctic bottomwater
(Uenzelmann-Neber001). In the central ScotiaSea, it is probablythe result of openings
in the South ScotiaRidge which allowed north Weddell SeaWaterto o w throughthe Jane
Basinandgapsin theridge (Maldonadoet al., 2003). On the seismicpro les presentedhere,
this eventis oftenmarked by a changefrom transparento morere ective seismicfacies.Hall
etal. (2003)recorda changein speedof the southwestPaci ¢ deepwesternboundarycur-
rentanda brief hiatusat this time, while Handweger & Jarrard(2003)documenta reduction
in sedimentatiorrate aroundAntarctica. This event haslong beenassociatedavith growth of
the EastAntarctic Ice Sheetwhich led to a periodof signi cant global cooling at 14—14.5Ma
(Shackletor& Kennett,1975).

Thethird unit boundary(magentahorizon)within the SFSDis inferredto have formeddur-
ing Late Miocenetimeswhich correspondsgainto a known eventin the othertwo datasets.
Uenzelmann-Nebef2001)suggestshatthis strongre ection formeddueto erosionandrede-
positionof sedimentdy CDW within the ACC. At the AgulhasRidge,the hiatusis oftenclose
to andthusindistinguabldrom the sea oor (Uenzelmann-Neber2001),anobsenrationthatis
equialentlyvalid for the SFSD.In the centralScotiaSea,this eventwasrelatedto a reogani-
sationof bottomcurrent o w thatmay predatehe onsetof groundedce sheetonthe Antarctic
Peninsulashelf(Maldonadcetal.,2003).Globally, this eventis known from aroundAntarctica,
datedby Handweger & Jarrard(2003)at 9 Ma, andfrom the Paci ¢ by Zhou& Kyte (1992),
datedat 8.5Ma. We have assignednageof 9 Ma to thisre ection (Table4). Finally, anEarly
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Plioceneageis estimatedor theyoungesunconformity(orangehorizon)whichmaybelinked
to openingof the PanamaSeavay, to onsetof major NorthernHemisphereglaciation,or to the
greaterexpansionof Antarcticice sheetduring Late Pliocenetimes(Maldonadcetal., 2003).
Althoughthisre ective surfaceis recognizedn the AgulhasRidgedata,it wasnotdatedthere.
We have assignanageof 4.5Ma to this event,baseduponsedimentatiomates.

The Mid-Miocene increasein 80 from 15-10Ma was initially associatedvith major
Antarcticice-sheegrowth (Shackletor& Kennettl975;Zachosetal., 2001). However, it has
also beendescribedas deep-vater cooling of 4-5 C leadingto increasesn ice volume and
adropin sea-leel at 11-10Ma (Miller et al. 1987, Moore et al. 1987). Shesenell et al.
(2004) presenta Mg/Ca-derved sea-surdicetemperatureeconstructiorfor the SouthTasman
Riseacrosghe mid-Miocenecooling event,which shows a stepwisedrop over 300ky preced-
ing theincreasean planktonic 20 lasting 100 ky andalso, moreimportantly a ratherabrupt
increasen benthic *20. They alsoshow thatthedropin temperatur@recedes positive peak
in foraminiferal *3C (a minimumin pCG,), which implies that changesn the carboncycle,
often cited at otherclimatetransitionswasnot the key driving or amplifying force. Shevenell
etal. (2004)preferan explanationwhich requiresstrengtheningf the ACC causedy further
closureof the easternTethys(e.g. Woodruf & Savin, 1989; Flower & Kennett,1993)asthe
likely trigger which drove climate acrossa threshold. We notethat closureof the Indonesian
Gatevay to majorthrough ow at aboutl5 Ma could have sened asanotherfactorin causing
mid-Miocenecooling (Hall, 2002).

PaleoceanographidPathways

The present-dayo w pathof the ACC is de ned by reduceddepositionathicknessesindthe
presenceof moatsand channels.Paired moatsat the baseof the trough clearly show the ef-
fectsof afocussedlament of the present-dayo w. Filled moatsat earliertimesareobviously
a very usefulguide for pinpointingthe location of ancient o ws. About 23 Ma ago,a ow
beganto transportsubstantiabmountsof sedimentrom the west,favouring the accumulation
of the SouthFalkland SlopeDrift. Given thatthis drift is situatedat depthsof 500-1500m,
this areamust previously have beenoccupiedby sometype of SouthernSourcelntermediate
Water(SSIW). The basalunconformitythereforemarksthe change-wer betweerthis, presum-
ably sluggish,SSIW o w andthe ACC, which probablyalso carried SSIW We assumethat
sedimentatiomateswerehigh in Early Miocenetimes,decreasingrom 36—46m/Mato 13-15
m/Ma after9 Ma in the late Mioceneto Pleistocengeriod.Late Pleistoceneatesarevery low
(Howe et al., 1997). The mid-Miocenemaximumbetweenl4.5to 9 Ma is probablydueto a
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combinationof sedimensupplyand o w speed.Thelow Pleistocensedimentatiomateoccurs
despite uctuations of sealevel which elsavherehave beenresponsibldéor pumpingsigni cant
guantitiesof sedimenoff theshelf. We ascribdt to strongcurrentsuppressionf accumulation.

Along the baseof the slope,topographicdepressionsverein lled, asthe pile of trough
sedimentgrew, whereadrift depositionrwasconcentrate@n mid-sloperegions. Orientations
of the axesof contouritedrifts re ect slope-controlleccurrent o w. Theincreasean thickness
andwidth of the SFSDtowardsthenortheassuggestenepossibility—thatthe Falklandislands
becamenimportantsourceof sedimenftor drift constructiongspeciallyfor depositiorof Unit
1B whensedimentatiomateswerehighest.This sedimensupplymight alsohave triggeredthe
shift in currentaxis (i.e. maximalthicknessaxis) for this unit. However, the shift could also
be relatedto deepeningof the gatavay, allowing the ACC to o w betweenTierra del Fuego
andBurdwood Bank. Equally, ACC o w strengthcould have decreasedr the altereddensity
structureof thewatercolumntriggereda shift in the axisof maximalspeed.

The sedimentwavesobsened on the southernslopesof the troughalsore ect o w distri-
bution patterns Mud wavesaredevelopedby theinteractionof persistenthermohalindottom
currents, ne grainedsedimentand pre-«isting topography(Manley & Flood, 1993). In the
southernhemispheremud wavestendto form at an angle counterclockwiseto the prevail-
ing currentdirection, migrating up-currentandto the left of the current(Flood et al., 1993).
As the mud waves showv a principal migration direction upslope,and dowvn-current,towards
the south—althoughthe exact directionis not known— this obsenation is consistenwith a
slope-parallelo w from eastto westgiving a cyclonic (i.e. clockwise)circulationwithin the
trough (Blumsack,1993). Although no studieshave yet resoled the bottom currentregime
westof Burdwood Bank, Cunninghanet al. (2003)suggesthatACC o w shalloverthan400
m emepging from Drake Passageould passover the sill betweenBurdwood Bank and South
America. This o w trendsnortheastalongthe southFalkland Plateauslope. The mud waves
obseredhereprovide evidenceof awestward o w alongthetrough.

4 Conclusions

The reprocessedeismicdatapresentechere shav the developmentof a contouritedeposit.
Four sedimentunits are de ned which show differentaccumulatiorpatternsand rateswhich
resultfrom changesn oceanographiandclimatic boundaryconditionsaffectingthe Southern
Ocean. The unconformitiesseparatinghe different seismicunits have beencorrelatedwith
majorclimaticandsedimentatiomventsrecognizedn areasvheresedimentatiomasalsobeen
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in uenced by the ACC and/orglobal deep-vater circulation. The drift is depositecon an un-
conformitywhich s inferredto be associatedvith the deepopeningof Drake Passagandthe
consequentiabnsetof deepACC o w. Theageof this basallayerwasestimatedo be of Early
Mioceneage(24.5- 20.5Ma) whichis in accordancevith thelate datesor ACC establishment
of 22-17Ma proposeddy Barker (2001),23 Ma by Pfuhl & McCave (2005),and< 25 Ma by
Lyle etal. (2007). A brightandcontinuoushorizonin the middle of thedrift hasanestimated
ageof 14.5Ma which corresponds$o the long-postulatediming of probableACC strengthen-
ing. Closeto thetop of thedrift, a signi cant unconformityhasaninferredageof 9 Ma when
bottom currentsin the ScotiaSeawere reoiganized. The youngestmappablehorizonhasan
estimatecageof 4.5 Ma. We alsoshowv seismicimagesfrom the Falkland Troughitself where
a stackof turbiditic sedimentdave beenresculptedo someextentby bottomcurrents.Filled
moatsandmud wavesarewell resoled. This depositis an eastvard continuationof the West
FalklandTroughDrift which wasprobablydepositedy WeddellSeaDeepWater

No wells have beendrilled in the westernFalkland Trough and our chronostratigraphic
framavork is informedspeculation.The reprocessedeismicdatapresentediereconstitutea
high quality site surwey for drilling a sedimentaryepositwhich will revealimportantaspects
of ACC historyandatroughin Il whichrecordgheverticalmotionsata majorplateboundary
The bestdrilling locationis at 58.7 W, 53.2 S, wherePro les 1, 7 and9 intersecton top of
thethickestpartof the SouthFalklandSlopeDirift. All four sedimenunitsandunconformities
could be penetratedat this location. A secondhole could be drilled further westat 60 W,
53.4 S, taigeting trough sedimentsand the diageneticfront in orderto correlatethem with
SFSDstratigraphy If sucha hole weredrilled to morethan1 km depth,it would establish
whethertherewasa switchfrom turbidite to contouritesedimentatiomndif sowhen.

Acknowledgments

DK is gratefulto Clare College, Cambridgefor nancial support. Field tapesof the GFI-93
seismicre ection surwey weregenerouslyprovided by WesternGeca.td. The OMEGA pro-
cessingpackageandthe GEOFRAME interpretationapackagewnere generouslyprovided by
Schlumbegerinc. WethankA. Crosby J.JacksonD. LynessC. Trowell andN. Woodcockfor
their help. Several gures weremadeusingGenericMappingToolsof Wessel& Smith(1998).
CambridgeEarthSciencegontribution XXXX.



KOENITZ ET AL: ACC CONTOURITE DRIFT 19

5 References

Barker, PF, 2001. ScotiaSearegional tectonicevolution: implicationsfor mantle ow and
palaeocirculationEarthScienceReviews, 55, 1-39.

Barker, PF. andThomasgE., 2004.0Origin, signatureandpalaeoclimatién uence of theAntarc-
tic CircumpolarCurrent.EarthScienceReviews, 66,143—-162.

Barker, PF., Dalziel,|.W.D., andShipboardScienti ¢ Party, 1976.Evolution of the southwest-
ernAtlantic Oceanbasin:resultsfrom Leg 36 of DeepSeabDrilling Project.In Barker, PF. and
Dalziel,I.W.D., editors.Initial reportsof the DeepSeaDrilling Project.36,993-1014.

Barker, PF. andBurrell, J.,1977.The openingof Drake PassageMarine Geology 25, 15-34.

Ben-Arraham/Z., HartnadyC.J.H.,andKitchin, K.A., 1997.Tectonicof theAghulas-Rlkland
transform.Tectonophysics282,83-98.

Blumsack,S.L. andWeatherly G.L., 1989. Obsenationsof the nearby o w anda modelfor
thegrowth of mudwaves.DeepSeaResearch36,1327-1339.

Blumsack,S.L., 1993. A modelfor the gronth of mudwavesin the presencef time-varying
currents.DeepSeaResearch, 40,963-974.

Bry, M., White, N., Singh,S., England,R., andTrowell, C., 2004. Anatomyandformationof
obliguecontinentakollision: SouthFalklandbasin.Tectonics23,doi:1029/2002TC001482.

CallahanJ.E.,1972. Thestructureof deepwaterin the AntarcticOcean.DeepSeaResearch,
19,563-575.



KOENITZ ET AL: ACC CONTOURITE DRIFT 20

Droxler, A.\W., Burke, K., CunninghamA.D., Hine, A.C., RosencrantzE., Duncan,D., Hal-
lock, P, andRobinson E, CaribbearnConstraintson Circulation BetweenAtlantic andPaci ¢

OceangOver the Past40 Million Years.In TectonicBoundaryConditionsfor Climate Recon-
structions. Edited by T. J. Crowley andK. C. Burke. Oxford University Press,New York.
160-191.

Carter L. andMcCave, I.N., 1994.Developmenbf sedimendrifts approachingnactive plate
maigin underthe SW Paci ¢ deepwesternboundarycurrent.Paleoceanograph®, 1061-1085.

CarterlL., Carter R.M., andMcCave, I.N., 2004. Evolution of the sedimentargystembeneath
thedeepPaci c in o w off easterrNew Zealand.Marine Geology 205,9-27.

CoatesA.G., J.B. C.Jacksonl.. S.Collins, T. M. Cronin,H. J.Dowsett,L. M. Bybell, P. Jung,
andJ. A. Obando,1992. Closureof the Isthmusof Panama:the nearshoremarinerecordof
CostaRicaandwesternPanama GSA Bulletin, 104,814—-828.

CunninghamA. P. andBarker, PF., 1996. Evidencefor westward- owing WeddellSeaDeep
Waterin the Falkland Trough,westernSouthAtlantic. DeepSeaResearch, 43,643—-654.

CunninghamA.P,, Barker, PF., andTomlinson,J.S.,1998. Tectonicsandsedimentargnviron-
mentof the North ScotiaRidgeregion revealedby side-scarsonar.Journalof The Geological
Societyof London,155,941-956.

CunninghamA.P,, Howe,J.A.,andBarker, PF., 2002. Contouritesedimentatioim theFalkland
Trough,westernSouthAtlantic Ocean.In Staw, D.A.V., Pudsg, C.J.,Howe, J.A., Faugeres J.-
C.,andViana,A.R., editors. Deep-vatercontouritesystemsmoderndrifts andancientseries,
sesimicandsedimentarygharacteristicsGeologicalSocietyof LondonMemoir, 22, 337-352.

Cunningham S.A., Alderson, S.G.,King, B.A., and Brandon,M.A., 2003). Transportand
variability of the Antarctic CircumpolarCurrentin Drake Passage.Journalof Geophysical
Research108,d0i:10.1029/2001JC001147.



KOENITZ ET AL: ACC CONTOURITE DRIFT 21

Droxler, A.\W., Burke, K., CunninghamA.D., Hine, A.C., RosencrantzE., Duncan,D., Hal-
lock, P, andRobinson,E, Caribbeanconstraintson circulation betweenAtlantic and Paci ¢

Oceansover the past40 Million Years.In TectonicBoundaryConditionsfor Climate Recon-
structions,Edited by T. J. Crowley and K. C. Burke. Oxford University Press,New York.
160-191.

DSDPInitial Reports,1974.Site 329,Leg 36.

Farrell, JW, I. Raf, T.R.JanecekD.W. Murray, M. Levitan, K.A. Dadg, K.-C. Emeis,M.
Lyle, J.-A. Flores,andS. Hovan, 1995. Late Neogenesedimentatiorpatternsin the eastern
equatoriaPaci ¢ Ocean.OcearDrilling ProgramPublicationdoi:10.2973/odp.proc.4r38.143.

Faugeres,J.C.,Stow, D.A.V., Imbert, P, Viana,A.R., andWynn, R.B., 1999. Seismicfeatures
diagnosticof contouritedrifts. Marine Geology 162,1-38.

Faugeres,J.-C.,MézeraisM.L., andStaw, D.A., 1993. Contouritedrift typesandtheir distri-
butionin the NorthandSouthAtlantic Ocearbasins.SedimentaryGeology 82, 189-203.

Flood,R.D., 1988. A lee wave modelfor deep-seanud-wave actiity. DeepSeaResearchil,
35,973-983.

Flood,R.D.,1994. Abyssalbedformsasindicatorsof changingoottomcurrent o w— examples
from the US east-coastontinentakise. Paleoceanograph$, 1049—-1060.

Flood,R. D., Shor A.N., andManley,PL., 1993. Morphologyof abyssamudwavesat Project
MUDWAVES sitesin the ArgentineBasin: Deep-Sedesearchi, 40,859-888.

Flower, B.P andKennett,J.P, 1993. RelationsBetweenMonterey FormationDepositionand
Middle MioceneGlobal Cooling: NaplesBeachSection,California. Geology 21, 877-880.



KOENITZ ET AL: ACC CONTOURITE DRIFT 22

Gordon,A.L., 2001. Interoceanexchange. In Siedler G. and Church, J., editors. Ocean
circulationand climate. InternationalGeophysicsSeries,AcademicPress,New York. 303—
316.

Grose, T.J., JohnsonJ.A., and Bigg, G.R., 1995. A comparisonbetweenthe FRAM (Fine
ResolutionAntarctic Model) resultsandobsenationsin Drake PassageDeepSeaResearch,
42,365-388.

Hall, R. 2002.Cenozoiayeologicalandplatetectonicevolution of SE Asiaandthe SW Paci c:
computerbasedeconstructionandanimationsJournalof AsianEarthSciences20,353-434.

Hall, I.R., McCave, I.N., Zahn,R., Carter L., Kuntz,P.C.,andWeedonG.P, 2003. Paleocur
rentreconstructiorof the deepPaci ¢ in o w during the Middle Miocene: re ections of East
Antarcticlce Sheefgrowth. Paleoceanography8, doi:10.1029/2002&£000817.

Handweger, D.A. andJarrardR.D.,2003.Neogenehangesn SouthermOceansedimentation
basedn massaccumulatiorratesat four continentaimargins. Paleoceanograph$8,5.1-5.15.

Howe, J.A., Stoker, M.S., and Stav, D.A.V., 1994. Late Cenozoicsedimentdrift comple,
northeasRockall Trough,North Atlantic Ocean.Paleoceanograph®, 989-999.

Howe, J.A., Pudsg, C.J.,andCunninghamA.P., 1997. Pliocene-Holoceneontouritedeposi-
tion underthe Antarctic CircumpolarCurrent,westernFalkland Trough,SouthAtlantic Ocean.
Marine Geology 138,27-50.

Howe, J.A. and Pudsg, C.J.,1999. Antarctic CircumpolarDeepWater: A Quaternarypa-
leo ow recordfrom the northernScotiaSea,South Atlantic Ocean. Journalof Sedimentary
Researcl®t9,847-861.

Lawver, L.A. andGahaganl..M., 2003.Evolutionof Cenozoicseavaysin thecircum-Antarctic



KOENITZ ET AL: ACC CONTOURITE DRIFT 23

region. PalaeogeographyalaeoclimatologyPalaeoecologyl98,11-37.

Livermore,R., Hillenbrand, C., Meredith, M., and Eagles,G., 2007. Drake Passageand
Cenozoicclimate: An openand shutcase?.GeochemistryGeophysicsGeosystems8, doi
10.1029/2005GC001224.

Lourens,L.J., FJ. Hilgen, N.J. Shackleton,). LaskarandD. Wilson, 2004. The NeogenePe-
riod. In FEM. GradsteinJ.G.OggandA.G. Smith, Editors, A GeologicalTime Scale2004,
CambridgeUniversity PressCambridge.

Lyle, M., Gibbs,S.,MooreT.C.,andRea,D.K., 2007.Late Oligocenenitiation of the Antarctic
CircumpolarCurrent:Evidencefrom the SouthPaci c. Geology 35,691-694.

Maldonado,A., Barnolas,A., Bohoyo, F., Galindo-Zaldvar, J., Hernandez-Molina)., Lobo,
F., Rodriguez,-Fernanded,, Somozal.., andVazquez,T., 2003. Contouritedepositsin the
centralScotiaSea:theimportanceof the Antarctic CircumpolarCurrentandthe WeddellGyre
o ws. PalaeogeographyralaeoclimatologyPalaeoecologyl98,187-221.

Manley, PL. andFlood,R.D.,1993.Paleo ow historydeterminedrom mudwave migration—
ArgentineBasin.DeepSeaResearchi, 40,1033-1055.

McCave,l.N. andHall I.R., 2006. Sizesortingin marinemuds:Processegitfallsandprospects
for paleo ow-speegroxies.GeochemistryGeophysicszeosystems/], doi:10.1029/2006GC001284.

McCave, I.N. andTucholke, B.E., 1986. Deepcurrent-controllededimentationn the western
North Atlantic Ocean.In Vogt, PR. and Tucholke, B.E., editors. The westernNorth Atlantic

Reagion. VolumeM of Thegeologyof North America. GeologicalSocietyof America,Boulder

Co.451-468.

Miller, K.G., Fairbanks,R.G.,andMountain,G.S.,1987. Tertiary oxygenisotopesynthesis,



KOENITZ ET AL: ACC CONTOURITE DRIFT 24

sea-l&el history, andcontinentalmagin erosion,Paleoceanographg, 1-19.

Nowlin, W. D. andKlinck, J.M., 1986. The physicsof the Antarctic CircumpolarCurrent.
Reviews of Geophysics24,469-491.

OPDlInitial Reports,1983.Site512.

Orsi, A.H., Whitworth Ill, T., andNowlin Jr., W.D., 1995. Onthe meridionalextentandfronts
of the Antarctic CircumpolarCurrent.DeepSeaResearch, 42,641-673.

Pfuhl,H.A. andMcCave, I.N., 2005. Evidencefor Late Oligoceneestablishmendf the Antarc-
tic CircumpolarCurrent.EarthandPlanetaryScienced etters,235,715-728.

Rack,F.R.,1993.A geologicperspectie onthe Mioceneevolution of the Antarctic Circumpo-
lar Currentsystem.Tectonophysics222,397-415.

Rintoul, S.R.,HughesC.W.,, andOlbers,D., 2001. The AntarcticCircumpolarCurrentSystem.
In Siedler G. and Church,J., editors. Oceancirculationand climate. AcademicPress New
York. 271-302.

ShackletonN.J. and Kennett,J.R, 1975. Paleotemperaturéistory of the Cenozoicandthe
initiation of Antarctic glaciation: Oxygenand carbonisotopic analysesn DSDP Sites277,
279,and281. Initial ReportsDSDR 29, 743-755.

Shevenell, A.E., Kennett,J.R, andLea, D.W., Middle Miocene SouthernOceanCooling and
Antarctic Cryospherdexpansion Science305,1766—1770D0I:10.1126/science.1100061.

Schut,E.W.,, Uenzelmann-NeberG., and GersondeR., 2002. Seismicevidencefor bottom
currentactvity atthe AgulhasRidge.GlobalandPlanetaryChange34,185-198.



KOENITZ ET AL: ACC CONTOURITE DRIFT 25

ShipboardScienti ¢ Party, Leg 189, 2001. The TasmaniarGatavay: CenozoicClimatic and
Oceanographi®evelopment. Proceeding®f OceanDrilling Program,Initial Reports,189,
Exon,N.F, Kennett,J.R, andMalone,M.J.,editors http://www-odp.tamu.ed{publications/189.

Staw, D.A.V.,, Faugeres,J.-C.,Viana,A., andGonthier E., 1998. Fossil contourites:a critical
review. SedimentaryGeology 115,3-31.

Stow, D.A.V., Pudsg, C.J.,Howe, J.A., Faugeres,J.-C.,andViana,A.R., 2002. Deep-vater
contouritesystems:moderndrifts andancientseries,sesimicand sedimentarycharacteristics.
GeologicalSocietyof LondonMemoir, 22,337-352.

Tucholke, B.E. andCarpenterG.B., 1977. Sedimendistribution and Cenozoicsedimentation
patternoonthe AgulhasPlateauBulletin of the GeologicalSocietyof America,88,1337-1346.

Tucholke, B.E. andEmbley, R.W.,, 1984.Cenozoicregional erosionof the abyssakea oor off
SouthAfrica. In SchleeJ.S. editor. Interregionalunconformitiesandhydrocarboraccumula-
tions. AmericanAssociationof PetroleunGeologistaViemoir, 36, 145—-164.

Uenzelmann-NebelG., 2001. Seismiccharacteristicef sedimendrifts: anexamplefrom the
AgulhasPlateauSouthwestndian Ocean.Marine GeophysicaResearche®2,323-343.

Uenzelmann-Neber., 2002. Contouriteson the AgulhasPlateau Southwestndian Ocean:
indicationsfor evolution of currentssince Paleogenetimes. In Stav, D.A.V., Pudsg, C.J.,
Howe, J.A., Faugeres,J.-C.,andViana,A.R., 2002. Deep-vater contouritesystems:modern
drifts andancientseriessesimicandsedimentargharacteristicsGeologicalSocietyof London
Memoir, 22,271-288.

Wessel,P. andand Smith, W.H.F,, 1998. New improved versionof GenericMapping Tools
releasedEos,79,579.



KOENITZ ET AL: ACC CONTOURITE DRIFT 26

White, W. andPetersonR., 1996. An Antarctic circumpolarwave in surfacepressurewind,
temperatur@andseaice extent. Nature,380,699—-702.

Woodruf, F. andSavin, S.M., 1989. MiocenedeepvateroceanographyPaleoceanograph,
87-140.

Wynn, R.B., Weaver, PRE., Ercilla, G., Stav, D.A.V., andMasson,D.G., 2000. Sedimentary
processef the Sehagesediment-vave eld, NE Atlantic: new insightsinto the formationof
sedimentvavesby turbidity currents.Sedimentologg7,1181-1197.

Zachos,J., Pagani,M., Sloan,L., Thomas,E., andBillups, K., 2001. Trends,Rhythms,and
Aberrationsin Global Climate 65 Ma to Present.Science 292. 686—693,DOI: 10.1126/sci-
ence.1059412.

Zhou, L. andKyte, F.T., 1992. Sedimentatiorhistory of the SouthPaci ¢ red clay province
overthelast55 million yearsinferredfrom the geochemistrypf DeepSeaDrilling ProjectHole
596. Paleoceanography, 441-465.



KOENITZ ET AL: ACC CONTOURITE DRIFT 27

Contouritelayer Intenal 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

Table 1: Interval velocitiesandstandardleviationsof individual depositionalinits.

Contouritelayer Maximalthicknessm  Av. max.thicknessm

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 thicknessesnd standarddeviationsof individual depositionalunits calcu-
latedfor seismicre ection pro les 1-4. Total maximalthickness= 625m.

Age,Ma SedimentatiorRate,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

Table 3: Estimatedsedimentatiomatesandassociatedgesrom literature(seetext for details).
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Unit Av. sed.rate, m/Ma Est.age,Ma Adoptedage Sed.rate,m/Ma

Max. Aw. Max. Aw.
2B 13.3 11.9 47 43 45 13.8 12.7
2A 144 157 95 87 9.0 15.6 14.0
1B 296 215 18.1 15.3 145 46.2 35.9
1A 375 194 245 205 23.00 28.1 229

Table 4: Sedimentatiomratesand standarddeviations calculatedfrom publishedvalueswith

consequeniges, agesadoptedby assumedequialenceto signi cant climatic/circulation
events,andboth maximalandaveragesedimentatiomatesimplied by this adoptedagemodel.
(1 = Coateset al., 1992; Farrell et al., 1995; Droxler et al., 1998. 2 = Zhou & Kyte, 1992;
Handweger & Jarrard 2003. 3 = Hall etal., 2003;Handweger & Jarrard 2003. 4 = Pfuhl &

McCave, 2005,2005;Handweger & Jarrard 2003).
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Figure 1. Bathymetricmapof region encompassingalklandPlateauvhich shavs locationof
seismicre ection pro les usedto imagecontouritedrift. Insetshows detailedlocation. Red
numberedines = WesternGecdines usedin this study (lines 1-5werereprocessedt 2 ms);
orangdine = segmentof FalklandIslandsRegional SeismicTraverse(FIRST);thin whitelines
= major fronts of Antarctic CircumpolarCurrent;thick yellow andgreenlines = pathways of
AntarcticIintermediateCircumpolatWaterandWeddellSeaDeepWater respectrely; solidred
circles=locationof DSDPandotherboreholesisedto constrainsedimentatiomates.
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Figure 2. Threereprocesse@nd depth-comerted (assuminguniform velocity of XX km/s)
seismicre ection pro les which shav generalcontext andgeometryof WestFalkland Trough
Drift (seeFigure 1 for location). (a) Pro le 1: clearestllustration of contouritedrift whose
bases markedby high amplitudeunconformity Note steepnormalfaultswhich cutinto e xed
lithosphericplate,sometimeshaving stratigraphiogrowth. Smallnumberof faultspropagate
throughcontouritedrift. Minor unconformityis visible towardtop of contouritedrift. Present-
daymoatswithin deepetrougharemanifestationsf current o w into andout of WestFalkland
Trough.Migrating moatsshav encroachmemf contouritedrift to north. (b) Pro le 3: located

200kmwestof Pro le 1. Drift is smallerwith alargeramplitudeandits southerredgeis now
partly buriedbeneattiroughsedimentsMoatatnorthernedgeof troughhasevolvedinto astep.
Diagenetidrontis moreclearlyvisiblethanonPro le 1. (c) Pro le 5: located 200km westof
Pro le 3 closeto positionwhereWestFalkland Troughterminates Drift is now barelyvisible
beneathencroachingroughsediments.Troughitself is wider andshallover. Note extensve
mudwave eld which is generatedy standingwave within watercolumn. Diageneticfront
spectacularlymaged.
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Figure3: Pro le 1. (a) Uninterpreteatlose-upf northernportionwhichbestllustratesnternal
stratigraphyof contouritedrift which takesform of thin plasteredsheet.Mappableunitswithin
drift togethemwith its sharplyde ned baseareclearlyvisible. (i) Detail which shows early |
of ruggedpre-«isting topographyand lled migratingandonlappingmoats.(ii) Detail which
shavs normal fault acrosswhich stratigraphicgrowth hasoccurred. (b) Interpretedversion
which shavs mappedorizonsdelineatingd sedimentarypackagesandnormalfaulting.
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Figure 4: Prole 2. (a) Uninterpretedclose-upof northernportion which alsoclearly illus-
tratesinternalstratigraphyof symmetriccontouritedrift. (i) Detail which more clearly showvs
pre-«isting topography including channelstructure,and several migrating moats. (ii) De-

tail which shavs onlappingstratigraphyabove youngesunconformity (b) Interpretedversion
which shavs mappedorizonsandnormalfaulting.
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Figure5: Pro le 3. (a) Uninterpretectlose-upof northernportionshoving smallerdrift which

is partly buried beneathtrough sediments. Crestof drift is migrating up onto shelf. Note

stratigraphiccontinuity with previous pro les but smallernumberof normalfaults. (i) Detail

shawving way in which pre-«isting topographyis sometimegault-controlled.(ii) Detail which

shavs encroachmenif troughsediment®ntosoutherredgeof contouritedrift. (b) Interpreted
versionwhich shovs mappecdhorizonsandnormalfaulting.
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Figure 6: Prole 4. (a) Uninterpretecclose-upof northernportion. Note marked difference
with easternpro les: contouritedrift is partly buried and reducedin extent while youngest
unconformitysurfaceis stronglyre ective. (i) Detail shaving structureof contouritedrift above
youngestunconformity Note migrationof crest. (ii) Detail shaving buried sedimentwaves
within lowest stratigraphicunit. (b) Interpretedversionwhich shovs mappedhorizonsand

normalfaulting.
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Figure 7: Pro le 5. (a) Uninterpretedclose-upof northernportion. This westernmospro le
crossewide andshallov endof troughwherecontouritedrift is muchdiminishedandalmost
completelyburied by troughsedimentsEarly Il is moreextensvely developedandits top is
marked by a bright re ection. Upperportion of contouritedrift is migrating northwards. (i)
Detail shaving structureof contouritedrift above youngestunconformity (ii) Detail shaving
lled onlappingmoatwithin troughsediments.(b) Interpretedversionwhich shavs mapped
horizons.
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Figure 8: Pro le 7. Notethatpro le wasnotreprocessedt 2 msanddoesnotrevealasmuch
detail. (a) Uninterpretedclose-upof centralportion. This east-wespro le crossesorthern
edgeof troughwherecontouritedrift is thickestandit illustrateshow contouritedrift migrated
duringits growth. Oldestpartof drift is acousticallytransparentBaseof drift is clearlyvisible
especiallybetweenCDPs10000and 13000. Internalstratigraphycanstill be correlatedwith

dip pro les. (b) Interpretedversionwhich shonvs mappedhorizons.
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Figure 9: Stacled line dravings of mappedre ections which divide contouritedrift into 4
units. Numberedboxes= pro le numbers;yellow andpink lines = basalunconformityand
youngestinconformity respectrely; greenandorangdines= prominentandmappablenternal
re ections; blueline = seabedTwo-way travel time anddepthscalesshawn.
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Figure 10: Setof isopachmapswhich shaw thicknessof eachmappedunit andtotal thickness
of contouritedrift. Numberedlacklines= pro les usedto mapdrift; darkandlight bluedashed
lines= 1000m and2000m bathymetriccontours;dashedines = otherbathymetriccontours.
Note lobate shapeof contouritedrift and shortwavelengthlobeswhich indicate north-south
channelsalongnorthernedgeof trough.
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Figure1l: Pro le 6. Notethatpro le wasnotreprocessedt2 msanddoesnotrevealasmuch
detail. Uninterpretedclose-upof centralportion. This east-wespro le runsalongnorthern
mamgin of troughcloseto baseof contouritedrift whereit is almostcompletelyburiedby trough
sediments.Most striking featureis narrav, lled channelwhichis 748 ms(i.e. 624 m) deep.
This channelis clearly visible on isopachmaps(Figure 10). Note signi cant growth across
normalfaultat CDP 10500.
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Figure 12: Pro le 1. Uninterpretedlose-upof southerrportionwhich shavs internalstratig-
raphyof troughdepositssouthof contouritedrift. Notebaseof triangularshapedorelandbasin
which sitson top of e xedandnormally faultedcrust. Densearrayof normalfaultsshowv ev-

idenceof stratigraphicgrowth and sometimegenetratento basalsedimentf the foreland
basin. Stratigraphywithin troughis rich with detail: note for example evidencefor diage-
neticfront andfor lled onlappingmoatsat northernandsoutherredges Romannumeralsare
broadlyindicative of 4 differentstratigraphigatterns. = well-beddedmappablestratawhich

shaw stratigraphiogrowth; 1l = parallel-beddedmappablestrata;lll = mixture of continuous
andwavy beddedstratawhich shaw effectsof diagenesistV = youngestpoorly beddedstrata.
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Figure 13: Pro le 2. Uninterpretectlose-upof southerrportionwhich shavs internalstratig-
raphyof troughdepositssouthof contouritedrift. Comparewith pro le 1. Notechangedhape
of baseof forelandbasinandof structurealongsoutherrmargin. Diagenetidront clearlytrans-
gressesedimentanarchitecture Note evolution of moatstructurethroughspaceandtime.
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Figure14: Pro le 4. Uninterpreteatlose-upof southerrportionwhichshavsinternalstratigra-
phy of troughdepositssouthof contouritedrift. Comparewith pro les 1 and2. Thrustfaulting

is lessevidentalongsoutherrmaigin wherea eld of mudwavesoccur Filled onlappingmoats
areclearly visible at northernmaiginandshav way in which troughgrew. SedimentaryJnit

Il is exposedat surfaceandUnit 11l onlapsunconformitybetweenUnits Il andlll. Diagenetic
front cutsacrossdepositionalunits andis clearly fault-controlled. Insetshows detail of mud
wave eld. Noteamplitude asymmetryandupslopemigrationof thesesinusoidalwaves.



KOENITZ ET AL: ACC CONTOURITE DRIFT 44

Figure 15: Maximal thicknessof mappedunits plottedasfunction of geologicage. This dia-
gramwasconstructedy assuminghat baseof contouritedepositoccursat 21 Myrs. To start
with, sedimentatiomatewasassumedo be constant.Rateswerethenadjustedslightly to en-
surethatboundariebetweermappedunits correspondo geologicallysigni cant eventswhich
occurwithin realmof Antarctic CircumpolarCurrent.



