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ABSTRACT  8 

Predicting when turbidity currents are erosional or depositional (i.e., leaving no depositional 9 

record vs. leaving a deposit) remains challenging. Here we combined observations from 10 

submarine channel morphology with a new sediment transport model to derive thresholds for 11 

net erosional, equilibrium or net depositional flow and to predict how far turbidity currents can 12 

transport different grain size classes down-channel. The approach was applied to the modern 13 

Madden and Omakere channels, which traverse the Hikurangi subduction margin of the North 14 

Island of New Zealand. A bathymetric dataset was used to establish the downstream change of 15 

channel geometry. Taking account of centripetal and Coriolis forces, the flow superelevation 16 

method was used to estimate variations in flow velocity and concentration along the channels. 17 

These parameters were used as model inputs in order to estimate the potential distribution of 18 

sand in the system, assuming well sorted and poorly sorted sediment in suspension. The 19 

predicted sand distribution maps deposited by poorly sorted flows in the channels show good 20 

agreement with RMS amplitude mapping of the seafloor. These results confirm that thicker 21 

flows, and those carrying well sorted suspensions can bypass sediment over lower slopes than 22 

thinner flows and those carrying more poorly sorted suspensions. The net erosion and net 23 

deposition thresholds derived from this study may help to guide and constrain predictions of 24 
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potential sediment bypass zones in seafloor and subsurface systems, and hence better constrain 25 

the predicted loci of deposition. 26 

INTRODUCTION  27 

Deep-marine siliciclastic systems are volumetrically some of the most important sedimentary 28 

environments on the surface of the earth (Covault and Graham, 2010; Meiburg and Kneller, 29 

2010; Talling et al., 2015). Submarine gravity currents (e.g. turbidity currents) transport 30 

sediment from shallow to deep-water, often developing complex depositional geometries (e.g. 31 

Richards and Bowman, 1998; Wynn et al., 2002; Booth et al., 2003; Gardner et al., 2003; 32 

Posamentier and Kolla, 2003; Deptuck et al., 2008; Ponce and Carmona, 2011; Dorrell et al., 33 

2015; Spychala et al., 2017). Whether suspended sediment of a particular grain size is either 34 

transported up to the maximum flow runout distance, or deposited at any particular location 35 

along the flow pathway plays a key role in: 1) the distribution of sediment across shelf-to-basin 36 

slope profiles (Normark, 1978; Mutti and Normark, 1987; Prather et al., 1998; Wynn et al., 37 

2002; Hadler-Jacobsen et al., 2005; Carvajal and Steel, 2009; Pyles et al., 2011); 2) the 38 

reservoir quality of turbidite sandstones through fractionation of different grain size classes  39 

(Pyles and Jennette, 2009; Horseman et al., 2014; Marchand et al., 2015; Bell et al., 2018); and 40 

3) the development of up-dip stratigraphic pinch-outs that trap hydrocarbon reservoirs (Straccia 41 

and Prather, 2000; Carruth, 2003; Prather, 2003; Doré and Robbins, 2005; Milton-Worssell et 42 

al., 2006; Horseman et al., 2014; Van der Merwe et al., 2014; Amy, 2019; Hansen et al., 2019). 43 

However, determining whether a turbidity current transports or deposits sediment remains 44 

challenging, despite recent work observing and monitoring turbidity currents (Vangriesheim et 45 

al., 2009; Xu et al., 2014; Paull et al., 2018; Zhang et al., 2018). 46 

Here we used a theoretical model for the threshold between net sediment erosion and 47 

net sediment deposition of turbidity currents to determine the grain sizes that might be 48 
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transported or deposited along the Madden and Omakere slope channels of the East Coast Basin 49 

(ECB), New Zealand. The submarine slope of the ECB represents an actively growing 50 

subduction wedge (Nicol et al., 2007; Barnes et al., 2010), with a series of trench-slope basins 51 

that are either supplied with sediment or starved, depending on the presence of slope channels 52 

(McArthur et al., 2019). The flow properties of turbidity currents were calculated based on an 53 

assumed relationship to the morphology of their confining channels. The thresholds between 54 

erosion and deposition were calculated assuming flows carrying non-cohesive sediment of a 55 

range of grain size classes and grain size distributions, accounting for the capacity and 56 

competence of the flow, flow height and bulk sediment concentration. Furthermore, the results 57 

from the model are validated by geophysical and petrophysical information. Here, we 58 

demonstrate that the grain size distribution in the flow has a large impact on sediment transport 59 

thresholds, therefore potentially controlling the sand distribution in the system.  60 

Terminology 61 

Despite its importance, there is no agreed definition of sediment bypass and bypassing flows 62 

between disciplines that study both associated sediment transport processes and products. In 63 

stratigraphic studies, bypassing flow or bypass have been broadly used for flows that partially 64 

or completely transport their sediment load beyond a point of observation (e.g. Lowe, 1982; 65 

Mutti and Normark, 1987; Amy et al., 2000; Cronin et al., 2005b; Kolla et al., 2007; Wynn et 66 

al., 2007; Carvajal and Steel, 2009; Talling et al., 2012; Stevenson et al., 2013; Sylvester et al., 67 

2015). Furthermore, bypassing flow has also been used to refer to erosional flows despite the 68 

fundamental differences (i.e. changes in flow capacity) between both flow types (e.g. Mutti 69 

and Normark, 1987; Wynn et al., 2002; Hubbard et al., 2014; Stevenson et al., 2015; Lang et 70 

al., 2017). In contrast, previous experimental and numerical studies have defined non-71 

depositional flows as equilibrium, self-sustaining or autosuspending flows (Bagnold, 1962; 72 

Kneller, 2003; Sequeiros et al., 2009; Dorrell et al., 2018). These definitions describe a flow 73 




