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ABSTRACT

Massflows evolvelongitudinallyduring emplacementbut canalsovary laterallyby formingdiscrete
flow cellswith different rheological stateseparated by shear zoseDespite being documented in
many field and subsurface studies, timitiation, translation, andtessation ofthe flow cellsremain
unclear We use five, higigjuality poststack timemigrated (PSTM) 3D seismic reflection datsto
investigatethe evolution of flow cellsn aseabedmass transport complex (MT,@)e Gorgon Slid®n
the Exmouth Plateau, offshore NW Australieslideoriginated from a 30 kmwide, NESW trending
headwall scarp that dips steeplg. B0°) seawargand wastranslated to the NW over hasatshear
surface that deepens downslope (up to 500below sedloor). Theslide is dominated ly chaotic
seismic faciesvith discrete packages of coherent reflectors, whiclinterpreted as adebrite that
carried megaclastg(c. 0.05-1 km-long) derived from the headwaldlomain The norphology and
orientation of the basaishear surface focused the pathway of tekde resultingin clustering of
megaclasts in proximal paf the translation domainThe nmegaclass clusterbecame an obstacle to
flow, which resulted in thdormation oftwo flow cells (CedlA and B) separated by a longitudinal shear

zone.The nteraction between the two cellsrecorded by sinuous shear bandghin, and ridges on
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the top surface ofthe slide Along the longitudinal shear zone, the shear bands angkegdf Cell A

were dragged downslopelue to Cell A impeihg the movement of Cell B. ®interaction suggest

that Cell B travelled faster, and/or further, than Celldiie tothe absence of any flowbstacles. The
abruptcessation of Cell A is recordey fpositive seabed religivhose amplitude decreases dip. The
transport processes of the Gorgon Slide show how entrainment and abrasion of megaclasts induced
velocity perturbatiors during emplacementausing (i) changes to theflow rheologyand {i) initiation

and cessation of flow cell& better understanding of how flow cells evolve during MTCs transport
may help to refine modelling dhe potential impact of MTCs on submarine structures (e.g. pipelines

cables etc).

INTRODUCTION

The degradation of submarine slopes drives emplacement of largetnaasport complexes (MTCs),
which are deposits of gravitgriven depositional processes that include stidslumgs and debris

flows (e.g. Dott 1963; Nardin et al. 1979; Nemec 1991; Moscardelli and Wood 2008; Posamentier and
Martinsen 2011)Besides their role in continental margin evolutitgg. Gamboa et al. 201@nd
petroleum system developmeife.g. Weimer and Shipp 200MTCs also pose a significant geohazard

for coastal andbffshore engineeringstructures(e.g. Parker et al. 2008; Randolph and White 2012;
Vannesteet al. 2013)Understanding the mgnitude of this geohazaidessentiabndpartly depends

on the emplacement processes of the MTE4asson et al. 2006F-or examplethe rheology of MTCs
canevolve during transporflverson 1997; Dykstra et al. 2011; Joanne et al. 2013;-Kaitiaf et al.

2017; Hodgson et al. 2018yhich controls the amount of drag forces experienced by submarine

pipelines(e.g. Zakeri 2009)

Transport processes of an MTC are dynamic, where a large, singlerdies} flow cellcan evole
during its translatiorby (i) dilution throughwater ingestion(Fisher 1983; Talling et al. 2012; Sun et al.

2018) and/or (ii) formation of smaller secondorder (intra-MTC)flow cellsdue to internal velocity
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variatiors (Alsop and Marco 2014n contrast to flow transformation, the formation processes of flow
cellsremainpoorly documentedAlthough thenature offlow cells have beemferred fromoutcrop
studies (Farrell 1984; Alsoand Marco 2014)limited outcrop extentinvariably hampess full 3D
analysisStudies involving 3D seismic reflection data haléedocumented the presence of intll TC
flow cells (Gee et al. 2005; Bull et al. 2009; Steventon et al. 20d8jvever the mechanisms
responsible for the initiationtranslation and cessation of these flocellsremain poorlyunderstood.
This work demonstrates that individueglls move at different speedmd/or at differenttimes, as
indicated by flow fabrics and longitudinal shearishin, and onthe top surface of MTCs(sensuBull

et al. 2009)

Here, we study a recent MTC, the Gorgon SKIE(NB | F (i S NthaticsnSinstaiy fcallsFs) Q1)
We use five, higlguality 3D seismic reflection datets from the Exmouth Plateau, offshore NW
Australia (Fig 1B-C) The 3D seismic reflection dagtscover most of the Gorgon Slide area, including
evacuation and deposition zones, which enable usharacterisethe slidefrom its head to toe (Fig.
1C).As hesslideis at, or just belowthe seded, detailed seismic attribute analysis allows us(tp:
document kinematic indicators on basstiear and top surfaces, and within internal body, ofshde

(i) reconstruct emplacement processes of glmlewhose kinematic indicators serve as evidence of
flow cells;(iii) infer the impact of flow cellen flowbehaviour (iv)discuss potential factors controlling

the formation of the flow cells

DATAAND METHODOLOGY

We use five, higlguality poststack timemigrated (PSTM) 3D seismic reflection datsthat image
the evacuationand most otthe deposition zones of the Gorgon Slide $FIBC).Only asmall part of
the slide (7%, i.e. 166 Knof 1760 kmi total area)is not imaged by the 3D seismic reflection data.
Thus, three 2D seismic reflection lines were used to itfferdowndip limit of thedeposition zone

(green lines in Fig. 1A)he \ertical resolution of the 3D seismic reflection data at the base oflide
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(c. 500 nbsf) ranges from &1 m, based on near seabed sediment velocity and dominant frequency
of 1824 m/s and 4®0 Hz, respectely. Bin spacing of the 3D seismic volumes ranges from 12.5 x
18.75 mto 20 x 25 m (see Appendix 1 for details). Depth conversion of seabledsahshearsurface

time structure maps was conducted by using avenagjecitiesof water (1519 m/s) and near seabed
sediment (1824 m/s)respectively(Appendix 1)The average water velocity is constrained by ten
industry wells (Fig. 1B), and the near seabed sedimelocity data is available from well ODP 762

(see Fig. 1A and 2).

The seabed and bassthear surface of the Gorgon Slide were mapped to gain insightshen
kinematics of theslideduring transport. We also employed an 4igmportional slicing methodZeng
et al. 1998) midway between the seabed anblasaishear surface of theslide to visualise
heterogeneity of internal seismitacies Several seismic attributesere used in thisanalysis,
particularly (i) varianceto better image discontinuitie€Chopra and Marfurt 2007ncludinggrooves
on the basalshearsurface of an MTQe.g.Bull et al. 2009)(ii)) RMS Amplitudéo better delineate
features that have distinct positive or negative amplitaaesulting from an acoustic (velocity and
density) contrast{Brown 2011)such asmegaclasts encased within transparent debiféeg. Ortiz
Karpf et al. 2017Yiii) dipto better image rugosityf a surfacgBrown 2011)includingseabed relief
(e.g.Bull et al. 2009)and (iv) spectral decompositiof seismic reflection volum&vas used to

highlight internal heterogeneities of a geological b@Brartyka et al. 1999; Eckersley et al. 2018)

GEOLOGICAL SETTING

The Exmouth Plateau is a part of North Carnarvon Basin (NCB), a basin that experienced multiple rifting
events (Fig. 2[Tindale et al. 1998; Longley et al. 20@2¢position during the subsequent thermal
subsidence phase since the Cretaceous was initially dominated bgraneed siliciclastic sediments,

and become carbonatdominated as the Australian plate drifted northward towa the equatofe.g.

Apthorpe 1988; Hull and Griffiths 2002progradation of carbonatdominated clinoforms ha
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persistedfrom the Oligocendo the presentday (Fig. 2B{Cathro et & 2003; Moss et al. 2004A
collision between the Australian and Eurasian plafdiocene to presentlay) has reactivated
optimally oriented, preexisting riftrelated faults forming inversion structures such as the-N®&
trending Exmouth Plateau Arch (Fig(Rgep et al. 1998Emplacemenodf MTCs is widespread across
the plateay especiallyuring this inversiomperiod (Boyd et al. 1993; Hengesh et ad13; Scarselli et

al. 2013) although pelagic carbonate sediments presently dominate the stratigraphy with
sedimentation rates as low as 20 m/M&olovchenko et al. 1992)We focus on the Gorgon Slide,
which extends fronthe seabed (blupdown to itsbasalshear surface (yellow, see Fig. 2B). Beneath
the headwall of the Gorgon Sligihere is arift-related horst block, which was drillety BluebeHll

(Fig. 2B{McCormack and McClay 2013 his horstontains thegiant Gorgorgasfield, contairing 11

tcf of gas in placéClegg et al. 1992)

THE GORGON SLIDE

General Characteristics

The Gorgon Slide was evacuated from a failed slope that defines pghe pfesentdayshelfedgeof
NW Australia(Fig. 1)It wasdepositedin the adjacentKangaroo Synclinéorming a lenticular, NV&6E
trending feature that wedgesut to the SE (against the continental slope) and to the NW (against the
eastern margin of the Exmouth PlateArch) (see Figs. 1B and 2)The sliddhasa maximum runout
distance ofc. 70 km It is up to 500 nthick andhasa total volume of. 500 kn? (Fig. 3A]Nugraha et
al. 2019a)Theslideterminatesagainst twolateral margns (to theNE and SWitisc. 30 kmwide in
the central part and abruptly narrasto c.18 kmat its frontal end (Fig. 3A)hesewidth changeform
two frontal margins(eastern and wester), that are separated by BW-SEtrending, c. 10 kmlong
lateral margin (Fig. 3A)he central and frontgpartsof the slidedisplaya notablealongstrikechange

in seabed rugositywhich defines two distinctive regions: Areas A an(&ig 3B)Area A comprises a
highly rugose seabed, indicated by frequent chawfadip,andis bound by the NE lateral and eastern

frontal margins(Fig. 3B)Area B comprises ielatively less rugose seabeahd is bound by the SW



123 lateral and western frontahargins (Fig. 3B)AreasA and Bare separated by a linealW-SEBrending
124  feature(seezoomedin imagein Fig. 3B)which issubparallel tdboth lateral margirs of the slideThis
125 linear featureis narrow €.170-300 mwide) andextends forc. 26 km, fromits updip limitto the point
126  where it merges withArea B lateral margirs€eFigs. 3BO). This featuremarks the change of seabed
127  relief between Areas A and Bvhere the vertical difference ofrelief between the two areasire

128 variabledowndip, rangngfrom c. 10 m to c.20m (Fig. 3C)

129 The Gorgon Slide originated from a steegigping €.30°), c.350 mhigh headwall scarpvhichforms

130 ac.18 kmlong evacuation zone (Fig. 4A). The frontal margin of Area A is clearly marked by positive
131 seabed relief €. 30 m) relative tothe smooth seabed bounding pfexisting strata immediately
132 downdip. The GorgoSlide and the prexisting strata share similar chaotic and transparent seismic
133 facies. Thus, the prexisting strata are interpreted as dder MTC (Fig. 4AA strike seismic section
134 of the Gorgon Slide exhibitee followingalongstrike lateral boundariegFig 4B): (i) the SW lateral
135 margin defiresthe pinchout of theslideonto substrate, and (ii) the NE lateral margin that marks the
136 boundary with theolder MTC. Suiparallel, continuous reflections on top of tieéder MTCare cross

137 cutand overlam by overspilbf theslide Thus, these reflections are interpreted as 'paksabed{Fig.

138 4B) The norphology of the basahear surfacappears tamimic that of the underlying substrate in
139 most of Area B in the SW (Fig. 4B)Area Athe basalshear surface truncates underlying seismic

140 reflections and its gradient becomes flatter adjacent to the NE lateral margin.

141 Thelinear zoneon the seabedseeFigs. 3BC) is interpreted as a longitudinal shear zofsensuBull
142 et al. 2009) whichrecords internal variations of transport velocity within an MOEcasionally, the
143 longitudinal shear zone not only defindge change of seabed relief between Areas A and B, it could

144  alsocoincide with paitive seabed relief (see Fig. 4B).

145 Theinternal character of the Gorgo’lideis variable,and a seismic facies classificatimused to

146  capture thsinternal heterogeneity(Fig. 5) This classificatiooaptures variations itoth strain and
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degree ofinternaldisaggregation (i.e. flow rheolgpwithin the MTCge.g. Alves et al. 2014} builds

on previous studies that ha calibrated seismic reflection data with lithology from well dégeg.
Sawyer et al. 2009hs well as seismic reflections forward modelling using outc(Dy&straet al.
2011) Fve seismic facies (Shje defined inthis study(Fig. 5A) based owariablity in internal
reflection configuratios, both in crosssection andplanview (see Fig 5BG) (i) SFL - mostly
transparent with low-to-variable amplitude reflections, which are interpreted as debri(es
Posamentier and Kolla 2003; Posamentier and Martinsen 2011;-Katjx et al. 2017)(ii) SF2 -
contains lowto-medium amplitude, discontinuous folded reflections in cresstion that occasionally
forms sinuous lineations in plariew, and alsointerpreted asdebrites withpartially disaggregated
material (i) SF3 - contains highamplitude folded reflections that are offset by thrusts, interpreted
as fold and thrust systes (iv) SF4 is characterised by isolated packages of coherent;psubllel
reflections within a matrix composed of -&Fand 2, interpreted as megasta transported within
debritic matrix(cf. McGilvery 2004; Bull et al. 2009; Jackson 2011;-Ratigf et al. 2017; Hodgson et
al. 2018) and (v)SF5 is composed of suparallel and continuous reflections thaharacterisenon-

MTC seismic facies, i.e. progradation beneath the shelf and layered slope strata within the evacuation
zone (see Fig. 4A&.g. Prélat et al. 2015)nternal seismic facies ohé longitudinal shear zonis
generally characterised by-2KFig. 3%, indicatinghighly disaggregated materials within the zothee

to intense shearingcf. Ogata et al. 2014; Bull and Cartwright 2019; Omeru and Cartwright.2019)
However, its relativelgubtle width means thatthe internal seismic facieare often undifferentiated

from adjacent MTC bodig$igs. 4B, and 5B)

To reconstruct emplacement processéise Gorgon Slidés synthesizedn terms of itskinematic
indicators and internal seismic facieem four domains(i) headwali (i) upper translatio(UTD) (ii)

lower translation(LTD; and {v) toe (see Fig3B)
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Headwalldomain

Besides thenainheadwall scargfeatures observed irtie headwalldomain(see Fig. Gncludea small
scarp, circular depressioyand linear depressions updip from theainheadwall scarfjsee zoomed

in image in Fig. 6AThe small scarc(10 nthigh) is likely to be older than thmain headwall scarp
due to their crossutting relationship (Fig. 6B). The circular depressim&a diameter ofc. 100to
300m, which are mainlylistributed within the small scarfrea Theyare interpreted as pockmarks
(e.g. Hengesh et al. 2013; Scarselli et al. 204B)chwould indicate active fluid venting. The linear
depressiongre c. 3 to 5km-long andc. 15 m-deep, whichare interpreted as crown cracks possibly

marking thelocation of future slope failuré/arnes 1978; FreMartinez et al. 2005)

In between themain headwall scarp and the evacuatioleposition zone boundarywithin the
evacuation zongthere arec. 5-16 kmlong elongate featuregFigs. 6M) with v-shaped geometes

(c. 150300 mwide andc. 10-25 mdeep, see zoomedn image inFig. 6B)We interpret them as
grooves(sensuBull et al. 2009)hat were formed due to tooling of failed materials (e.g. megaclasts)
into the substrate during transpor{Psamentier and Martinsen 2011; Owdikarpf et al. 2017;
Hodgson et al. 2018; Sobiesiak et al. 20B8)ked on their orthogonal relationship witthe headwall
scarp these groovesare a reliableindicabor of the translation pathway ofthe slide through the

evacuation zone

The nitial failed volume of the Gorgon Sliteat wasremoved from tle headwall domain ranges from
31 to 43 kni, which is 1216 times smaller than the deposited volume %00 kn¥) (Nugraha et al.
2019a) This volume discrepancy is interpreted as a result of significant erosion and substrate

entrainment of thecarbonate oozesubstrateduring transport(see Nugraha et al. 2019a)
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Uppertranslationdomain

Basalshear surface; Grooves observed in the updip part of the upper translation domain (Fig. 7A),
are a continuation ofhosewithin the evacuation zone (see Fig, @)splayingimilar dimensiosand
geometies(see Headwall domain sectiomjowever, he grooves in this doniiaconverge downslope
towards the NE lateral margin (Fig. Mhichcontrassto the morecommonly described downslope
diverging groovege.g. Posamentier and Kolla 2003; McGiv2004; OrtiKarpf et al. 2017)This
geometry implies thathe pathway of theslidewas focused towards the steep, NE lateral margin. As
a result, theslide is thickest adjacent to this lateral margin (see Fig. 3A). The pathway was likely
controlled bythe morphology of thebasalshearsurface that broadly follows the morphology thie
underlying substrate (see Fig. 4Bhis supports the observations GfrtizKarpf et al. (2017)who

stress the impact of precursenorphologyon the emplacement ofMTCs.

In the central part of the basahear surface, there is a pair of NS trending, curved lineations
across the upper translation domain (Fig. 7A). They bound an area that is shallower than its
surroundingarea(shaded grey in Fig. 7Ahese lineationgppear tomark subtle changeg.(10 m)in

the depth of thebasatshear surface. We interpret these lineations as 'ramps' bounding an area called
a 'flat' (Trincardi and Argnani 1990; Lucente and Pini 2003:Aayinez et al. 2005; Bull et al. 2009)

The ramps record basal erosion the overlyingslide that are commonly expressed by truncated
reflections of underlying substrate by a bashkar surfacde.g. Bull et al. 2009However, as the
rampsin this domainrepresent relatively small steps (i.e. 10 m), the batear surface does not

truncate more than one reflector.

Adjacent to the NE lateral margin, there is an atemprisinghighly discontinuous reflections on the
variance map (Fig. 7A30me ofthese discontinuous reflections form lineations oriented oblique to
the NE lateral marginThis area is characterised by ldermedium amplitude, discontinuous

reflections at, and immdiately beneath, thdasalshearsurface (Fig. 7D). We interpret the substrate



215 in this areato have beencompressionallydeformed due to stress exerted by ttstide forming a

216 'basaishearzone'(Butler and McCaffrey 2010; Hodgson et al. 2018; Cardona et al..2020)

217  Ontop of theolder MTC, there is a series of lineations (0.5 to 1.9dmg)that originatefrom the NE

218 lateral margin (Fig 7A and D). These lineations argentedat c.45° relativeto the NE lateral margin.

219 We interpret these lineations as shear fractures (i.e. Riedel shears) that developed due tslgirike
220 movement along the NE lateral margifihis implies thathe Gorgon Slide exerted stress onto the
221 older MTC during transpor{e.g. Fleming and Johnson 1989; Martinsen 1994; Fossen .2016)
222  Northwestwards transport of the Gorgon Slide implies that the NE lateral margin represents a dextral
223  strikeslip fault of the Gorgon Slide relative to ter MTC (Fig. 7AFleming and Johnson (1989)
224 suggest that this type of fracturésdeveloped during an early stage of strglg faulting along lateral

225 margin ofthe MTCs, prior tehe formation of throughgoing lateral margism Theyrecordedfractures

226 oriented at 45° clockwise from the trend of a dextral lateral margin, similar to the shear fractures

227  found in our study.

228 Internal bodyg The poximal part of the uper translation domain is dominated by -$Rhat
229 surrounds scattered megaclasts {§F(Fig. 7B)These megaclasts have elliptical to rectangular
230 geometry in mapview, with longaxislengthsrangng from c. 0.18 to 1 km and thickness of. 70 to

231 140 m(Fig. 7B)Seismic sectiom show thatthese megaclastare sometimednternally folded and
232 faulted (Fig. 7D)n the central part of this domain, the megaclaate concentratedforming ac. 15

233 kmrlong and 3 krrwide, convexupslope cluster of megaclastbhis cluster is bound by a gradational
234  boundary with SH in the E, and an abrupt boundary in the Whichis defined by the longitudinal
235 shear zone (Fig. 7BYlost of this clusteroccurswithin Area Awith a subsidiary megaclastluster
236  observedwithin Area Bc.5 km downdip(Fig. 7B)These clusters share similar frequency expressions
237  on spectral decomposition map (Fig. 8A), and internal reflections and thicknesse8Brij andare

238 separated by the longitudinal shear zone.
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Immediately downdip from the central part of thirea Amegaclastluster, partially-disaggregated
materials contained within SE are aligned to form a series convegslope bands (Fig. 7B). These
bands are sulparallel to the geometry of the cluster (Figs. 7B and &Agontrast, downdip from the
eastern margin of the cluster, the bands show a cordewnslope geometry terminating at the NE
lateral margin (Figs. 7B and 8A). A 1$®/ trending, narrowrea(c. 500 mwide andc. 10 kmlong) of
SF1 defines the boundary between these two sets of bands (Fig-TABJe is asimilaroccurrence of
convexdownslope bandslowndip from the cluster in Area @ig. 7B)ln seismic section, these bands

are expressed as loWwequency, mediurramplitude folded reflections (Fig. 7D).

The scattered megaclasts in the proximal part of this doragrclusteredpossibly due to downslope
convergence of the pathway of the Gorgdiu&based on the orientation dhe grooves on the basal
shear surface (see Fig. 7Me clusters of megaclasts in A& and B are interpretetb have been
initially emplaced aa singlecluster.Subsequently ftey were crosgut by the longitudinal skar zone,

which was also initiated at this area (Fig. 7B).

The clusters of megaclasts were likely induced internal velocity perturtsatighin the slideduring
transport. This internal velocity variation is evidenced by the cordewnslope shear bands, both
Areas A and Bwhich are located downflow from the convaxpslope shear bands adjacent to the
cluster of megaclasts in Area A (Fig. 7B). Another indicator of integtaity variatiosis the narrow
areawithin Area A that separates the convdgwnslope andupslope shear bands (Fig. 7B). Enea

is interpreted as atihternal shear zongcf. Ogata et al. 2014; Bull and Cartwright 2019; Omeru and
Cartwright 2019)containing disaggregatedaterial due to intense shearin@ther studies havalso
discussedhow theentrainment and abrasion of megaclasts during transport of MTCs could affect flow
rheology(e.g. Joanne et al. 2013; OrKarpf et al. 2017; Hodgson et al. 2018; iBsiak et al. 2019)

and thereforevariatiorsin intra-MTC flow velocity



262 Top surface; The top surface of the Gorgon Slidemetimesenhance the appearance of some

263 features recorded within the internal body (Fig. 7C). For example, the internal shear bands are
264  expressed as ridgesith positive seabed relief. These ridges are terminated at the longitudinal shear
265 zone between AresA and B, andlange their orientations (from convaxpslope to-downslope) at

266 the internal shear zonésee Figs. 7C and hese ridges are interpreted as a secondary flow fabric

267  (sensuBull et al. 2009)suggestindlow velocity variatiorwithin the slide

268 Lower trarslation domain

269 Basaitshear surface; Themajority ofkinematic indicators observed in the upper translation domain
270 extend to this lower translation domain (i.e. ramp, deformed substrate and shear fractures; Fig. 9A)
271  apart from theabsence ofirooves Here, the ramps are deepear. 20 mdeep, Fig. 9D), and lineations
272  within the deformed substrate area arsore apparenbn the variance map (Fig. 98ownflow from

273 the deformed substrate, there are $&cing ramps (i.e. perpendicular to transpdalirection) that

274  merge with the ramp that extends from the upper translation dométig. 9A) Adjacent to the

275 deformed substrate, there is a concentration of shear fractures that diminish downdip.

276 The ramps, deformed substrgt@and shear fractures indicate that erosion and deformation also
277 occurred in this lower translation domain (Fig. 9Kjere is a close spatial relationship between the
278 deformed substrate and the concentration of shear fractures (Fig.WALh alsacoincices with the
279  thickest slide occurrencein Area A (Fig. 3AThiscouldimply that the basal and lateral substrate
280 deformationwasmore severe due tincreasedstress exerted by ththickest part of theGorgon Slide.
281 However, Cardona et al. (2020concluded from an outcrop study thahere is no statistical
282  correlation between thantensity of deformation of the basaishearzone and the thickness of the

283 overlying MTC.



284 Internal bodyc The convesupslope shear bands, between the longitudinal and internal shear zones
285 within Area A, diminish downflow (Fig. 9B).contrast, theconvexdownslope shear bands within

286  Area B continuandare more prominent in this lower translation domain (Fig. 9B).

287 Adjacent to the NE lateral margin, there is another cluster of megaclasts (Fifpn 8Bjsmic section

288 (Fig. 9D), this cluster contaimsegaclasts that have similar facies to thosdhia upper translation

289 domain (Figs. 7D and &B.However, these megaclasts have shorter laxgs €.0.05 to 0.8 km) and

290 are thicker €.73 to 220 m) than those in the upper translation domaig.c.0.17to 0.98 kmlong

291 andc. 70 to 137m-thick (see Fig. 10AAIsq the megaclasts in theipper and lower translation

292 domains show different trenglof their long-axs (Fig. 10B). The megaclasts in the upper translation
293 domainare generally trendingfNESW and the ones in the lower translation domadme trending

294 NNW-SE.We alsofound megaclasts that areoncentratedin the basal part of thelide which are

295 (see Fig. 9D): (i) containing chaotic and transparent internal reflections, (ii) bound by folded top, and

296  (iii) underlan by a ramp. We name them as 'basal megaclasts'.

297 The presence of longitudinal and internal shear zones suggest that internal vaoafiow velocity
298 continued to occur in this domain (Fig. 9Between these shear zonethe gradual downflow
299 disappearance of the convapslope shear bands suggests decrease ininternal velocity

300 perturbationsinduced bythe cluster ofmegaclasts in upper translation domdsee Fig. 7B).

301 The cluster of megaclasts adjacent to the NE lateral margin (Figs. 9B and D) are located immediately
302 downflow from, and have similar width (2.5 km) to, the deformed substrate area (Figriods, the

303 basal and lateral substrate deformations documented on ltasalshearsurface (Fig. 9A) could be

304 related to this cluster of megaclasts, insteadeflecting themaximum thickness of the Gorgon Slide

305 (Fig. 3A). This interpretation is supported by the sarhservation from the Rapanui MTQardona

306 et al. 2020)where thethickness othe deformed substrates correlatedto higherconcentratiors of

307 rafted blocks (i.e. megaclastg)d notthe thickness of overlying MTThe higherconcentrationof
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megaclasts indicatean increasen flow competence overriding the area tife deformed substrate.

In addition, the lonegaxis orientationsof the megaclasts in thiewer translation domairare generally
oblique to sub-parallel in contrast to the ones in the upper translation domain that are generally
perpendiculay to the transport direction (Fig. 10BJheir long-axis orientations arelikely to be
controlled by velocity gradienttMazzanti and De Blasio 201®here themegaclastsn the lower
translation domairare adjacent to the NE lateral mgan, andexperiencel abrupt change of velocity
gradient as they moved against the stationary older MTC (FBB). In contrastthe cluster of
megaclasts in the upper translation domaixperienced lowervelocity gradientwhich then forned

the convexupslope geometryFig. 7B)

The basal megaclasts have transparent internal faciesdapdayfolded tops (Fig. 9D)We suggest

they are more deformed compared to the adjacent megaclasts (Fig. 9D). Their transparent internal
facies could be related to intense shearing during transpiistes 2015; Ganta and Alves 2015and

the folded top may be formed due to impingement of the megaclasts bysilie against the
underlying ramp (see Fig. 9ackson 2011Y his impingement isxpressed as a positive relief of the

seabed (Fig. 9D).

Top surface; The top surface shows that the internal shear zone merges with the longitudinal shear
zone in the distal part ahe lower translation domain (Fig. 90Jhese shear zones outline an area
covering convexipslope ridges that narrows and diminishes downfloBonsequently, Area A
becomes dominated by the convelownslope ridges (Fig. 9€lowever, we can see that immediately
downflow from the merging point of the shear zones, the ridges in Ardee convexupslope

geometiies, most notably adjacent to the longitudinal shear zone (Fig. 9C).

The top surface supports the interpretation of kinematic indicators within the irgtebodyof the
slide(Figs. 9BC). Here, it is also evident that velocity perturbation induced by the cluster of megaclasts

in upper translation domain (Figs. 7B and 8A) had decreased, and diminished downflow, as clearly
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marked by the merging of the two sar zones (Fig. 9Gjowever, downflow from the merging point,
the presenceof convexupslope ridges within Area A (terminating at the longitudinal shear zone)

suggest that internal velocity perturbatisgontinued to occur (Fig. 9C).

Toe domain

Basalshear surface; The basalkshear surfacén this domainserves as the frontal margin of Area A,
and swings through 9Go join the lateral margin of Area B that continues downdipyondthe 3D
seismic refleion data area Fig. 1). The deformation style of thesubstrate Fig. 1) resembles
that of the upper and lower translation domains (see Figs. 7A and®#&)e SW part of this domain,
there is ac. 30 mhigh ramp (Figs. 10A and D), whichmsere profound than that in the lower

translation domaing. 20 m).

The geometry of thdasatshearsurface indicates that Area B extends further downdip than Area A
(Fig. 11). The deformed substrate and the ramp indicate that substrate deformation and erosion
continued to occur beneath the main body of thikde despite being located the furthest from the

headwall.

Internal body¢ SF1 and SB (i.e. folds and thrusts system) dominaie distal part of Area A and B,
respectively [Fig. 1B). The thrusts witim Area B dip to the SE, sphrallel to the transport direction

of the slide(see Figs. 5G and R andD).

Within theolder MTC (se€ig. 1B), there is a cluster of megaclasts2.5 kmwide andc.5 kmlong).
TheSE and SW margins of tbisster of megaclasts are defined by Area A frontal margin and Area B
lateral margin, respectively={g. 1B).Within the cluster of megaclastthere arelineations (NNWSSE
trending) that are broadly perpendicular to the orientation thie Area A frontalmargin and the
thrusts within Area Bi.e. NESW trending In seismic section, these megaclasts are characterised by

mediumamplitude subparallel reflections at the basevhich become folded towards the tof-ig.



355 11D). The internateflections are separated by Nifpping thrusts. The lineations on the tirstice
356 (Fig. 1B) correspond to these thrusts. Thus, we name this cluster of megaclasts as 'thrusted

357 megaclasts'.

358  Abrupt truncation of the thrusted megaclasts the frontal margin of Area fand thethrusts within
359 Area Bsuggessacrosscutting relationship (Fig. 11BJhus, we interpret that the thrusted megaclasts
360 had been emplaced at their present location prior to the emplacement of the Gorgon Stdee
361 thrusted megaclasts (i.e. indicated by high RMS amplitude) are observed thighfrontal part of
362 Area AFig. 1B).However, thesehrusted megaclasts are distirtigtdifferentfrom those of the thrust
363 system within Area BF{g. 1D). Thissuggess that the thrusted megaclasts wernly entrained by
364 the Gorgon Slidén the frontal part ofthe Area A(Fig. 1B). In contrast the Area B lateral margin
365 developed along the SW margi the thrusted megaclas; without anyevidence oentrainment of

366 the thrusted megaclastsy the slidewithin Area B

367 The longitudinal shear zone that extends from the upper translation domain (se& Rignd 8A) joins
368 Area B lateral margin in thwe domain Fig. 1B). Ths may indicate a relationship between the
369 thrusted megaclasts andnferred intra-MTC velocity perturbation. Specifically, the velocity
370 perturbationcouldhaveoriginated from the SW margin of the thrusted megacldsts Area Bdteral
371 margin) and propagated upflowHig. 1B). Therefore, this velocity perturbation caused by the
372 thrusted megaclastsonnected with thedownflow-propagatingvelocity perturbationinduced by the
373 cluster of megaclasts in the upper translatidomain (Figs. 7B and 8AfreyMartinez et al. (2006)
374  also observed similar role of pexisting block (megaclasts)where a single MTC flow bifurcates to

375 form two flows with different transport direction

376  Top surface; The ugos seabedwvith ¢. 30 mhigh ridges relative to the flat seabed above tiider
377 MTC defines the frontal margin of Area A ($8g. 1T). Thevertical relief of theridges of Area A is

378 higher than irboth Area B ¢. 10 m,Fig. 1) and the lowetranslation domaing. 10 m, Fig. 9).
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The ridges athe Area A frontal margin could indicate a buttressing effect of $hide against the
thrusted megaclastdg. 1), which then formed ridges that decrease in height upflovcontrast,
the ridges iMArea B are not as high as those in Area A. Thusslithewas not buttressed against the
thrusted megaclasts and it translated further downdipg. 1C).Thesedifferential processsin the

toe domain of AreaA and Breflectthe merging between Area B lateral margin and the longitudinal

shear zoneKig. 1T).

DISCUSSION

Emplacement processes of the Gorgon Slide: a-nailflow emplacementnechanism

A multple flow cellmodel based on field studies has been proposedlspp and Marco (2014yvho
advancethe notions of Farrell (1984)f a large singleell flow modelthat controls deformation
patterns within an MTCThey suggest that a large (fistder) MTC consists of a number of smaller
(secondorder) flow cells formd during emplacement of the MTC. These smaller flow cells may
interact with each other and cause overprinting on initially formed structuiregraction between
flow cells ha also been documented from sonég.g. Prior et al. 1984; Masson et al. 1993; Gee et al.
2001)and 3D seismic reflectiordata(e.g. Bull et al. 2009; Steventon et al. 2QH9d capturedn the

form of primary (longitudinal shear zone) and secondary (sinuous shear bands) flow fEdmz8ull

et al 2009) These kinematic indicators indicate differential speedsl/or timing of downslope

translating materia(Masson et al. 1993; Gee et al. 2005)

In this studythe Gorgon Slidappears tacomprise two intraMTC (secondarder) flow cellsTheseare
representedphysicallyby Area A and Band for the purpose of thisrocessbasedinterpretationare
re-namedas Ce#l A and B, respectivelfheemplacemenprocesses of the Gorgon Slidee captured

in a schematic model thatcognsesthree stages oflevelopment(Fig. 12.

Stage 1¢ Prior to slope degradatiom surface rupture might havieeen triggered bywo main factors

(Fig. 12). First, the normal faults bounding the horst could have been inverted due to compression
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to destabilisethe slope(Keep et al. 1998; Nugraha et al. 201%8cond, the existence of pockmarks
observed on the seabed (see Fig. 6) implies that thexe beenactive fluid venting in the headwall
area(Hengesh et al. 2013jnost likely originaing from the deepergasbearinghorst block ofthe
Gorgon FieldFig. 2) Gas leakage intdhallower £diments coulchavelowered the shear strength of

these sediments, and primed the sloder subsequentfailure (Scarselli et al. 2013However, the
Gorgon Slide was not an isolated occurrence, but rather the most recent. Previous collapse of the
continental margin is reflected in thelder (preGorgon) MTCwhich would have left a remnant
topography both on the slope but especially in the area of subsequent Gorgon Slide deposition. Most
notably, thrusted megaclasts had alreattgen emplacedn the vicinity ofthe future toe domain of

the Gorgon Slideg. 12.).

Stage 2 The acuategeometryof the main headwall scarp indicathat the failed sediments were
evacuatedduringa single mastransport event (see Fig. 6Jhe evacuated sediments might include
megaclasts derived fromither the headwall andor entrainedfrom the layered slope substrate (Figs.
11B and 4A)During translation, the megaclasts could be deformed and fragmefaad Gee et al.

2005; Alves 2015)

The downslope&onverging grooves within éhheadwall and upper translation domains suggast
converget pathway of theslide, resultingin the clustering of the megaclastsig. 1B).In the leeside
of the cluster of megaclastshe following features were formed: (Donvexupslope shear bands
within the slide,and (2) convexupsloperidgeson top ofthe slide These featuresindicate slower
transport velocityin and around the area of concentratadegaclastsKig. 1B8). Highertransport
velocities of flows moving around the megaclasich arealed to the formation of the longitudinal
shear zone, anthe initiation ofCels A and BThe cluster of megaclast$fectivelyacted as an obstacle
to the initial, singlecell flow. Other studies have also documented such mechanism, wtieze

geometry of shear bands and ridges of MTCs downslope from translating megaclasts suggest slower



427  moving flows than surrounding materidks.g. Masson et al. 1993; Lastras et al. 2005; Gee et al. 2006;

428 Bull et al. 2009)

429 Stage % The dwnslope propagation of thbasatshearsurface was coupled witthe evolution of

430 the internal body and top surface of tietide The area covering the convepslope shear bands and

431 ridges narrowed downslopd-{g. 1Z), which suggest reduction in theinfluence of the cluster of

432 megaclasts o slowing downthe flow of material in its leeside. Thus, we interpret this area as a
433 'shadow zoneThe shadow zone is bound by the longitudinal shear zone separating the two cells, and
434  the internal shear zone within Cell(Rig. 12C)Theshadowzone isan example of how megaclasts
435 influence flow processes of an MT€g. Masson et al. 1993; Lucente and Pini 2003; Jackson 2011,

436 Hodgson et al. 2018)

437  Downflow fromthe shadow zone, ridges of Cell A show conwesiope geomeiesadjacent to the

438 longitudinal shear zone. In contrast, ridges of Cell B consistently exhibit cdowaslope geometies

439 (Fig. 1Z).These geometries indicate that Cell A resistieel downslge translation of Cell B. As a

440 result, the ridges of Cell A were dragged downslope, and the ridges of Cell B were dragged upslope
441  (Fig. 1Z).Therefore we suggest that Cell A was trairadimore slowly than Cell BFurthermore, he

442  high seabedelief of Cell A at the frontal margin suggest that it was forced to stop its translagion

443 the preexisting thrusted megaclas(gig. 1Z) and, thus,can be considered as "stopping structures"

444  that were formed during cessatigiMasson et al. 1993; Gee et al. 2008) contrast, the position of

445 the thrusted megaclasts allowed Cell B to translate further downdip than Ce&hus,Cell B was not

446  only travelled faster, but also further, than Cell A.

447 Impact of flow cell$ormationon MTCs flow behaviour

448  Submarine dbris flow can travel for tens to hundredslah across low gradient(<1°) continental
449  slope, despite its cohesive natuf@ee et al. 1999; Lastras et al. 2009)is mobility can be expled

450 by, for instance, sustained pofkiid pressure within the flow during transpogiajor and Iverson
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1999; McArdell et al. 2007and also the presence atfthin lubricating layer of fluid at the base of the
frontal part of the flow(i.e. hydroplaning, Mohrig et al. 1998&)ltimately,a debrite is formed byen
massefreezingof the debris flow(e.g. Talling et al. 201,2khere materials at flow margins (i.e. frontal

and lateral) ceasmovingfirst, followed by materials in the main body of the fl¢glverson 1997)

The Gorgon Slide provides evidence of how a mass flow split into two smaller flow cells (Cell A and B,
Fig. 12)The relationship between the two cells suggasiat Cell Aceased movementwhile Cell B
was still in motionThis suggests than massdreezing did not occuacrossthe entire body of the
flow synchronouslylnstead, individual flow cells underwent differential timing of freezing, resulting
in different runout distance of the celldVe proposethat lateral friction and related porduid
pressure playe@nimportant role in controlling the runout distance of the two cells addition to

the presence of prexisting thrustel megaclastsThe longitudinal shear zomeay havesustaired
excess pordluid pressure between the two cellsuch that low friction between the two cells could
be maintained, allowing Cell B to keep in translation despite the impediment by Gelcéntrast,
pore-fluid pressure was likely to dissipate at the lateral marglngng translation (e.g. NE lateral
margin, Fig. 3). Elack of excess porfiuid pressurevould have resultedh high friction between the
moving slide (e.g. Cell A) and stationary lateral substrate (i.e. the older WHi€})igh friction at the
lateral marginwas likely toreduce runout distance more significantly than the friction at the
longitudinal shear zoneSuch mechanismare also observed from experimental studi@dajor and

Iverson 1999; De Haas et al. 2015)

Our results suggest that a debris flow comprising smaller flow cells could experiéihtddzy O (i dzI G S R Q
freezing, where a flow cell can have shorter runout distance than the others, resultinglififenential
friction and porepressure dissipation at flowells margins.Theflow behaviour documented in our

study may be considered for modellitige potential impact of MTCs on subsea infrastructures.



474 Controls on flow cell formation

475  Flow cell formation within an MTC depends on internal velgedsturbations whichare controlled
476 by variations in atleast threelocal factors (Farrell 1984; Alsop and Marco 2011; Alsop and Marco
477  2014) (i) lithology and/or geometry of stratigraphic element (eMjl Cschannels and lobeslii) fluid

478 pressures within the MTC afat substrate; and(iii) slope and/or geometry of basahear surface

479 underlying the MTC.

480 In the Gorgon Slide, a cluster of megaclasts wistdebritic matrix initiated flow cell formationThis

481 implies that lithology, in particular variations of the degree of disaggregatiithin theslide play a

482  key role in forminghe two seismiescale flow cellsin addition,the geometry of the basashear

483 surfacewas also important in converging the flow, clustering the megaclasts, initiating velocity
484  perturbation, and terminatinghe flow cellsThose three local variations (i.e. lithology, fluid pressures,
485 and basakhear surface geometry)nay have been influentigbrior to emplacement,but their

486  propertiescouldalsoevolve during translation and cessatiortlo¢ parent flow(lverson 1997; Dykstra

487 etal. 2011; Joanne et al. 2013; Alsop dumico 2014, Ortizarpf et al. 2017; Hodgson et al. 2018)

488 Origin of the preexisting thrusted ragaclasts

489 We have established that the thrusted megaclaate encased by thelder MTC, and, thus, had
490 existed in their present position prior to the Gorgon Slide emplacentgdate, we discuss possible
491 origins of the thrusted megaclasts. Deformations withandthe present location of, the thrusted

492 megaclasts might indicate that they are eithiessitu (remnant) or translated megaclasts.

493 Relatively continuous, sybarallel reflections at the base of the thrusted megaclastsid indicate
494  that they had not been translatedrig. 1D). This might support the interpretation that they dre
495  situ megaclastsHowever, the NHElipping thrusts origating from the base, and folded reflections

496 toward the topof the megaclasts, record contractiakstrain as a result diroadlyNESW trending(
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stress Fig. 1D). This stressvasunlikely exerted by the Gorgon Slide onto thesitu megaclasts, as
the Gorgon Slide was transported towards the N\ ewise, it is unlikely that the Nfpping thrusts
were formed by amlder MTC that translated to the SW. This is because there i®asilfle source of

MTCs tovardsthe NE (see location of the NW Australian shelf, Fig. 1A).

If the thrusted megaclasts were to be deformed or translated by an MTC, the MTC should be sourced
either from the Exmouth Plateau Arch (i.e. to the SW from the mlagts) orfrom the NW Shelf of
Australia (see Fig. 1AAs the thrusts of the megaclasts are-digping (Fig. 1D), the thrusted
megaclasts are unlikely to be deformed or translated by dldiing MTC originated from the arch

This MTC shouldroduce SWHipping thrusts.Thus, the MTC forming the thrusted megaclasts

more likelysourced from the NWghelf, similar to the source of the Gorgon Slithawever,a NW-

flowing MTC should generate-8pping thrusts, instead of N&ipping thrusts. This fact suggests that

the thrusted megaclasts are unlikely to be deformieesitu. Thus, thrusted megaclasts might be
deformed during translation within the NMWWowing MTC, rotated counteclockwise €. 70-80°) and

thenrested at their present location.

The thrusted megaclasts have similar dimensigtig. 13A-B) and seismic facies (Fig8QGD), to the

basal megaclasts (sé@wer translation domaisection Fig. 9D). Thus, it is possible that the thrusted
megaclasts were deformed and translated by the ldWing MTC Deformation and rotation of
megaclasts during MTC translation have been documented in other studies, such as in Storegga Slide
(Bull et al. 2009)Here, the megaclasts were-oriented from perpendicular to become sytarallel

to transport direction with increasing distance from headwall scarp.

CONCLUSIONS

We use 3D seismic reflection dataveringa recent masgransport complex (MTC), the Gorgon Slide,
from the Exmouth Riteau, offshore NW Australidgo investigatehow flow cells withiran MTC was

formed, translated, and finally ceaserthis study concludes that:
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1. The Gorgon Slideas evacuated from steep,NESW trendinggc. 350 mhigh headwall scarp

andtransportedtowards the NV. Layeredslopestrata in thisheadwall domain are the likely
source of megaclasthat are subsequently transported downslape

In the proximal part of the translation domaingwnslopeconverging grooves on the basal
shear surfae indicate that the pathway of the slideas focused towards its lateral margin in
the NE. Th convergenpathwayof the flowresults tothe clustering of the megaclastwhose
long-axes are generally trendifd&=SW, perpendicular to the transport directioT his cluster
of megaclasts berne an obstacle to flow, causinglocity perturbationwithin the slide The
velocity perturbation is recodedithin the internal bodyby convexupslope shear bands, and
on the seabedy conve-upslope ridgesThese featurs indicate slowetransport velocityof
the cluster of megaclas@nd materials in its leside The areafthe slowermovingmaterials
narrows downslopeindicating that velocity perturbationaused by the cluster of megaclasts
graduallydiminisheddownflow, formingl  Wa K | R Franspbrevgl&ifes of flows were
higheraround the megaclastsesultingin the formation oflongitudinal shear zone and the
initiation of twoflow cells, namelells A and B.

In the distal part of the translation domaikinematic indicatorsecorded on the basahear
surface indicate that erosional and deformational processes occuemdional processes are
evidenced by ramp, andeformational processes arevidenced bydeformed substrate or
basalshear zone and shear fracturesljacent to the NE lateral margiThe deformed
substrate and shear fractures are closely related to the thickest part of the stiderisinga
cluster of megaclastsvith individud megaclasts generaltyending NNWSSEgblique to sub
parallel to the transport directionShear bandswithin the slideand ridgeson the seabef
CellA were dragged dowsiope, while those o€ellB were dragged upslope. Thgsints to
Cell Aacting as atfimpedimentto the movement offastermovingCellB.

In thetoe domain,the frontal margin of Cell A is marked by positive seabed ratie§Q m

high)that gradually decreases upflowvhich is sigificantly higher than the relief of Cell & (
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10 mhigh). This suggests that Cell A was buttressed against aexisting cluster of
megaclastgi.e. encased by older MT@)hile Cell B was noT hereforeas therewere no flow
obstaclesCell Bivas ableto travel further than Cell A

5. The norphology of the basadhear surface anthe degree of disaggregation within the slide,
especiallythe megaclastsplayed important rols in flow cell evolution The basathear
surface contrded the pathway of the slideand, the clustering of the megaclast3he
megaclastclusteis then induced internal velocity perturbatiorthat could result in the
initiation and cessation of intraMTC flow cells.

6. En masséreezingwas unlikely to occur throughu the body of theGorgon Slidat the same
time. Instead, PunctuatedIreezing, where Cell A has halted while Cell B was still in motion,
occurred due to differential friction and pofftuid pressure dissipatioat flow cells margia.

For instance, excegorefluid can be maintained within the longitudinal shear zone, so that
Cell B only experiendaminimal friction despiteCell A impeded its movement. In contrast,
excess pordluid pressure watikely todissipate atateral margins (e.g. the NE laterafrgin
separating Cell A anstationarysubstrate) Thus, Cell A experienced higher lateral friction
than that of CelB, resultingin reduced runout distance. Thpinctuatedfreezingmechanism

may be consideretbr modellingthe impact of MTCs osubmarine infrastructures.
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773 FIGURE CAPTIONS

774  Fig. 1--- A) Locaton of the study area. Regional seismic line (orange) across several wells (see Fig. 2).
775 B) Seabed map of the Gorgon Slide, and industry well data (red dots) available for this study. The
776  Gorgon Slidés expressed as rugose relief on the seabed. Both evamuand most of deposition

777  zones are imaged within the 3D seismdflectiondata. C)Outline of the deposits of the Gorgon Slide

778 (dark grey), where a minor area (c. 7%) of thial slidearea in the NW (dashed line) is not imaged

779  within the 3D seismieflectiondata. This minor part is delineated using 2D seidimés(green). Five

780 3Dseismic reflection datgets(Gorgon, Acme, Draeck, Duyfken, andamszyvere used in this study.

781 Bathymetry and topography data are from Geoscience Australia.

782 Fig. 2--- A regional seismic section across the Exmouth Plateau (see Fig. 1 for locAjion).
783  Uninterpreted.B)Interpreted. The Gorgon Slide is bound by a bakahr surface (yellow) at the base

784  and seabed (blue) at the top. Modified frodugraha et al. (2019b)

785  Fig. 3:-- A) Thickness map of the Gorgon Slide showing lateral bouesiaf the slide (i.e. NE lateral
786 margin and pinckout in the SW), with thickness concentratiadjacentto the NE lateral marginVe
787  divide nggedgeometry of thefrontal margininto eastern and western frontal margir8) Seabed dip
788 map showing two distinct subodies (namelyArea A and B) within theslide The twoareasare
789 separated by a zone of longitudinal she@he depositional zone of theide comprises upper (UTD
790 and bwer (LTD) translatioand toe domais. C)A 3Dperspective okeabedstructure mapinthe LTD

791 showing the geometry of the longitudinal shear zone.

792  Fig. 4-- A) Dip-oriented seismic section across the Gorgon Slide showing the headwall scarp,
793 evacuation and deposition zone®) Strikeoriented seismic section showing the asymmetric

794  geometry of theslide with erosional lateral margin in the NE and piatlt in the SW.

795 Fig. 5:--- Seismic facies classificationsed in this study A) Seismicfacies description and

796 interpretation. B) Variance attributes extraction between the bashlear surface and an iso
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proportional surface (50% between the bashkar surface and the seabe@}E) Seismic sectian
showingseismic facies withithe translation domainF) A timeslice of variance attribute extraction
(see G for position) showirggismic facietn the toe dmain G) A ismic section showingeismic

faciesin the toe domain.

Fig. 6--- Seabed map showingnematic indicatorsn the headwall domainwhich inclule the main
headwall of the Gorgon Slidgrooves, crown crackppckmarks, and a small sca#) Uninterpreted

B) Interpreted

Fig. 7--- Upper translation domain of the Gorgon Slid¢Basalshear surface variance map (top) and
its interpretation (bottom).B) Internal body RMS amplitude map (extracted 50 ms abakzlow
isoproportional horizon, orange) (top) and its interpretation (bottoi@)Top surface dip map (top)
and its interpretation (bottom)D) Seismic sections, uninterpreted (above) and interpreted (bottom),

showing seismic facies across the upper station domainSee text for discussions.

Fig. 8:-- A) Spectral decomposition map within ttstide (50% between basahear and top surfaces)
showing features within upper translation domain in det&).Uninterpreted and C)interpreted,

seismic sectiomlong megaclasts (S acros#reaA and BSee text for discussion.

Fig. 9:-- Lower translatiordomain of the Gorgon Slid&) Basalshear surface variance map (top) and
its interpretation (bottom).B) Internal body RMS amplitude map (extracted 50 ms above and below
isoproportional horizon, orange) (top) and its interpretation (bottoi@).Top surfae dip map (top)
and its interpretation (bottom)D) Seismic sections, uninterpreted (above) and interpreted (bottom),

showing seismic facies across the upper translation donsana.text for discussion.

Fig. 10:-- Dimensions anarientation of themegaclasts in the upper and translation domaiA3.
Megaclasts in thepper translation domaimre generallythinner with longer longaxes as compared

to the ones in the lower translation domain thate thicker with shorter longxes.B) Megaclastsin



820 the upper translation domairare generally oriented perpendiculaand the ones in the lower

821 translaion domainare oblique to sukparallel, to the transport direction.

822 Fig. 11--- Toe domain of the Gorgon Slidé) Basalshear surface variance map (top) and its
823 interpretation (bottom).B) Internal body RMS amplitude map (tirséice at the orange horizon in D)
824  (top) and its interpretation (bottom)C)Top surface dip map (top) and its interpretation (bottoi).

825  Seisnic sections, uninterpreted (above) and interpreted (bottom), showing seismic facies across the

826 toe domain.See text for discussion.

827 Fig. 12--- Schematic diagram of Gorgon Slikpicting three stages @mplacement processes) A
828 failure event occurred) Theslidesplit into two flow cellsCell A and Blue to a cluster of megaclasts
829 derived from the headwall and/or slope strati@aat acted asa flow obstacle.C)Cell Aceasedand its
830 frontal margin is expressed on the seabed, while Cell B flowed bletr@nlimit of the dataset. See

831 text for discussion.

832 Fig. 13---A) Variance map extracted alotige orange horizon in <D, overlaid by time structure map
833  of thrusted megaclasts (sdabe red horizon in D, left). The thrusted megaclagédine the frontal
834  margin of Cell Andlateral margin of Cell B) Variance map extracted along the bashkear surface
835 (yellow) in @D, overlaid by time structure map thfe basalmegaclasts (sethe red horizon in D, right).
836 C)Uninterpreted, andD)interpreted seismic section across ttieusted andbasalmegaclasts. These

837 megaclasts have simildimension andseismic &cies, thus, likely to havesimilarorigin.
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