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ABSTRACT

Predicting when turbidity currents aezosionalor depositionali.e., leaving no depositional
record vs. leaving a deposit) remains challenging. Herecamebinedobservations from
submarine channel morphology witmaw sediment transport model tkerive thresholds for
net erosional, equilibrium or net depositionaldlandto predict how far turbidity currents can
transportdifferent grain size classe®wn-channel The approach was applied to the modern
Madden and Omakerhannelswhich traverse the Hikurangubductiormamin of the North
Island of New Zealand. A bathymetric dataset was used to establish the dowcbiaegeanf
channel geometry. Taking account of centripetal and Corioliedattte flow superelevation
method was used to estimat@iatiorsin flow velocity and concentration along the channels.
Theseparametersvere used amodelinputs in order to estimatbe potential distribution of
sand in the systemassuming wellsorted and poorlysorted sediment in suspensicrhe
predicted sandistribution maps deposited by poodorted flows in the channels show good
agreement with RMS amplitude mapping of the seafloor. These results confiritkat t
flows, and those carrying wedbrted suspensions can bypssdimenbver lower slopes #n
thinner flows and thosearrying more poorly sorted suspension¥he net erosion and net
depositionthresholds derived from this studyay help toguide and constraipredictions of
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potential sediment bypass zomeseafloorand subsurfacgystemsand hence better constrain

the predictedoci of deposition.

INTRODUCTION

Deepmarine siliciclastic systems are volumetricatyme ofthe most important sedimentary
environmers on the surface of the earf@ovault and Graham, 2010; Meiburg and Kneller,
2010; Talling et al., 2015)Submarine gravity currents (e.g. turbidity currents) transport
sediment from shallow to deeapater, often developing complex depositional geomefees

Richard and Bowman, 1998; Wynn et al., 2002; Booth et al., 2003; Gardner et al., 2003;

Posamentier and Kolla, 2003; Deptuck et al., 2008; Ponce and Carmona, 2011; Dorrell et al.,

2015; Spychala et al., 201 )Vhethersuspendededimentof a particular grain sizes either
transportedup to the maximum flow runout distanae, depositecht any particular location
along the flow pathwaplays a key role inl) the distribution of sediment across skieHbasin
slope profiles(Normark, 1978; Mutti and Normark, 1987; Prather et al., 1998; Wynn et al.,
2002; HadlerJacobsen et al., 2005; Carvajal and Steel, 2009; Pyles et A1), 20 the
reservoir quality of turbidite sandstongsough fractionation of different grain size classes
(Pyles and Jennette, 2009; Horseman et al., 2014; Marchand et al., 2015; B&lDaBjland

3) the development afp-dip stratigraphic pincfouts that trap hydrocarbon reservdi@raccia
and Prather, 2000; Carruth, 2003; Prather, 2003; Doré and Robbins, 2005;WMidtssell et

al., 2006; Horseman et al., 20Man der Merwe et al., 2014; Amy, 2019; Hansen et al., 2019)
However, determining whethea turbidity currenttransports omdepositssedimentremains
challenging despite recent wordbserving andnonitoringturbidity currents(Vangriesheim et

al., 2009; Xu et al., 2014; Paull et al., 2018; Zhang et al., 2018)

Here we useé a theoreticamodelfor the threshold between net sediment erosion and

net sediment depositioaf turbidity currentsto determine thegrain sizesthat might be
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transported or deposited alotig Madden and Omakernegechannel®f the East Coast Basin
(ECB), New Zealand.The submarine slope of the ECB represents an actively growing
subduction wedgéNicol et al., 2007; Barnes et al., 2010jth a series of treneslope basins
that areeithersupplied withsediment or starvedependingon the presence of slope channels
(McArthur et al., 2019)The flow propertiesof turbidity currentsverecalculated based on an
assumedelationshipto the morphology ofheir confiningchannelsThe thresholds between
erosion and deposition were calculated assurfiovgs carryingnon-cohesive sedimertdf a
range of grain sizelasses andjrain size distributionsaccounting for the capacitgnd
competencef the flow, flow heightandbulk sediment concentratioRurthermore, theesults
from the modelare validated by geophysical and petrophysical informatibere we
demonstrate that thgrain size distributioin the flowhas dargeimpact onsediment transport

thresholdsthereforepotentiallycontrollingthe sand distribution in the system.

Terminology

Despite itsmportancethere is no agreed definition sédiment bypasand lypassing flows
between disciplinethat study both associateddiment transpogrocesses angroducts In
stratigraphicstudies bypassinglow or bypasshave been broadly used for flows thadrtially

or completelytransport theisediment loadeyond a point of observatide.g.Lowe, 1982;
Mutti and Normark, 1987; Amy et al., 2000; Cronin et al., 2005b; Kolla et al., 2007; Wynn et
al., 2007; Carvajal and Steel, 2009; Talling et al,2(Btevenson et al., 2013; Sylvester et al.,
2015) Furthermorebypaseg flow hasalso been used to refer to erosional flaespite the
fundamental differens(i.e. changes in flow capacitypetween both flowypes(e.g. Mutti
and Normark, 1987; Wynn et al., 2002; Hubbard et al., 2014; Stevenson2état. Lang et
al., 2017) In contrast previous experimental and numericatudies have definednon
depositionalflows as equilibrium, selfsustainingor autosuspending flowdagnold, 1962;
Kneller, 2003; Sequeiros et al., 2009; Dorrell et al., 20IBg¢se definitions descritzeflow
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