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Abstract
An estimated 8.3 billion tonnes of non-biodegradable plastic has been produced over the last 65 years. Much of this is not recycled and is disposed into the sedimentary system, has a long environmental residence time and accumulates in sedimentary systems worldwide, posing a threat to important ecosystems and potentially human health. We synthesise existing knowledge of seafloor microplastic distribution, and integrate this with process-based sedimentological models of particle transport, to provide new insights, and critically, to identify future research challenges. Compilation of published data shows that microplastics pervade the global seafloor, from abyssal plains to submarine canyons and deep-sea trenches (where they are most concentrated). However, few studies relate microplastic accumulation to sediment transport and deposition. Microplastics may enter directly into the sea as marine litter from shipping and fishing, or indirectly via fluvial and aeolian systems from terrestrial environments. The nature of the entry-point is critical to how terrestrially-sourced microplastics are transferred to offshore sedimentary systems. We present models for physiographic shelf connection types related to the tectono-sedimentary regime of the margin. Beyond the shelf, the principal agents for microplastic transport are: i) gravity-driven transport in sediment-laden flows; ii) settling, or conveyance through biological processes, of material that was formerly floating on the surface or suspended in the water column; iii) transport by thermohaline currents, either during settling or by reworking of deposited microplastics. We compare microplastic settling velocities to natural sediments to understand how appropriate existing sediment transport models are for explaining microplastic dispersal. Based on this analysis, and the relatively well-known behaviour or deep-marine flow types, we explore the expected distribution of microplastic particles, both in individual sedimentary event deposits and within deep-marine depositional systems. Residence time within certain deposit types and depositional environments is anticipated to be variable, which has implications for the likelihood of ingestion and incorporation into the food chain, further transport, or deeper burial. We conclude that the integration of process-based sedimentological and stratigraphic knowledge with insights from modern sedimentary systems, and biological activity within them, will provide essential constraints on the transfer of microplastics to deep-marine environments, their distribution and ultimate fate, and the implications that these have for benthic ecosystems. The dispersal of anthropogenic across the sedimentary systems that cover Earth’s surface has importance societal and economic implications. Sedimentologists have a key, but as-yet underplayed, role in addressing, and mitigating this globally significant issue.

Introduction: What are microplastics and why do we care?
Plastic is an incredibly versatile and inexpensive material, which is ubiquitous in modern life. Since mass-produced plastics appeared in the 1950s, production has increased exponentially (Andrady, 2011; Andrady & Neal, 2009). It has been estimated that 8.3 billion tonnes of plastic has been produced over the last 65 years; 6.3 billion tonnes of which is now predicted to be waste (Geyer et al. 2017). In 2012 alone, it is estimated that 288 million tonnes of plastic was manufactured (Plastics Europe, 2013). Between 4.8 and 12.7 million tonnes of plastic entered the Earth’s oceans in 2010, with this figure estimated to rise by one order of magnitude by 2025 (Jambeck et al., 2015; Geyer et al. 2017). At least 5.25 trillion pieces of plastic are estimated to be afloat in the world’s oceans (Eriksen et al. 2014). 
Microplastics are small plastic particles and fibres, which are found in the present and recent anthropogenically-modified environment (Fig. 1). Microplastics have been defined as ranging from <5 mm to 250 µm in diameter (Arthur et al., 2009; and many others), however, here we follow Browne et al. (2011) and Claessens et al. (2011), and other subsequent prominent investigations of microplastics (e.g. Van Cauwenberghe et al., 2013, 2015; Vianello et al., 2013; Dekiff et al., 2014) who suggested that <1 mm is more logical as this size class predominates in marine environments, and ‘micro’ generally refers to micrometer size range. Microfibres typically have lengths of 50 µm up to a few mm, and a diameter of <10 µm. Primary microplastic particles are either manufactured (e.g. microbeads in cosmetics, blasting media and other industrial applications; Zitko & Hanlon, 1991; USEPA, 1992; Fendall and Sewell, 2009; Mason et al., 2016), or secondary, when derived from the breakdown of larger plastic debris (e.g. Andrady, 2011; Cole et al. 2011; ter Halle et al., 2016). Microfibres are derived from synthetic textiles and are typically discharged from sewage plants (e.g. Browne et al., 2011; Dubaish and Liebezeit, 2013). As an illustration of the numbers of microfibres released, Browne et al. (2011) showed that up to 1900 microplastic fibres can be shed from a single garment during one wash cycle. 

Despite being documented since the 1970s (e.g. Buchanan, 1971; Carpenter and Smith, 1972; Colton et al., 1974; Gregory, 1978), plastic waste in the marine environment did not attract significant scientific or societal attention until later, when it became clear that plastic waste was having a deleterious effect on marine wildlife, particularly larger fauna such as dolphins and turtles (Barnes et al., 2009; Gall and Thompson, 2015). Microplastics were documented as early as 1972 on the surface of the Sargasso Sea (Carpenter et al., 1972); however, concern for the potential consequences for ocean life has only recently been raised. These small and light plastic particles are readily available to many organisms throughout the marine food-web. Furthermore, microplastics are preferential sites for the adhesion of organic pollutants, while their degradation can release toxic compounds (Teuten et al., 2009; Cole et al., 2011). Ongoing research is therefore ongoing to quantify the risks posed to marine life (including fishing stocks), and potential knock on effects to human health (Van Cauwenberghe and Janssen, 2014; Galloway, 2015; Sharma and Chatterjee, 2017; Barboza et al., 2018). 
Given their high mobility and long residence times, microplastics are found globally; from the beaches of isolated oceanic islands (Costa and Barletta, 2015; Lusher, 2015), within Antarctic currents (Lusher, 2015), to the seafloor of the Arctic (Bergmann & Klages, 2012) and the sea ice above it (Bergmann et al. 2017). In short, there appears to be no environment on Earth that has escaped microplastic pollution (Taylor et al., 2016). However, our knowledge of the locations of microplastic accumulation in the marine realm is presently incomplete, and in particular the distribution on the seafloor is poorly constrained (Thompson et al. 2004; Barnes et al., 2009; Ballent et al. 2013; Woodall et al. 2014; Martin et al., 2017). This is significant as it is estimated that approximately half of all plastics have a density greater than seawater (USEPA, 1992; Morét-Ferguson et al., 2010). The seafloor is therefore considered a sink for global plastics, which could account for much of the ‘missing’ microplastic in global budgets (Goldberg, 1997; Thompson et al., 2004; Ballent et al., 2013; Van Cauwenberghe et al., 2013; Pham et al. 2014; Woodall et al., 2014; Fischer et al. 2015; Courtene-Jones et al. 2017; Hardesty et al. 2017; Underwood et al. 2017).

1.1. Challenges
Goldberg (1997) suggested that to better understand plastic accumulation on the seafloor required standardized monitoring to assess whether or not seafloor plastic contamination is increasing and whether or not it is affecting marine ecology. However, whilst seafloor microplastics have since been documented in an increasing number of studies, this has been done on a largely ad-hoc basis, using existing cores and samples from older studies. Attention has been paid to ingestion of microplastics by seafloor organisms, however, there has been extremely limited attention paid to the physical mechanisms that control how microplastics reach the seafloor, how they are distributed and what governs their ultimate fate (e.g., Gregory, 2009; Graca et al. 2017; Corcoran et al. 2017; Horton & Dixon, 2018). Process-based sedimentological studies routinely relate sediment and other particulate accumulations to the processes that transport, deposit and bury them. The present lack of characterisation and quantification of the processes that control the influx, distribution and ultimate burial of microplastics in the oceans, provides an opportunity for the application of process-based sedimentology to assess this globally-significant issue (Hodgson et al., 2018a).   

1.2. Aims
Here we aim to synthesise existing knowledge on seafloor microplastic distribution, and integrate that with a process-based understanding of how particles are transported, and the known sedimentology of deep-marine systems. We do this in order to provide new insights from recent research and to identify future research challenges. We specifically address the following questions:
1) What types of microplastics are found on the seafloor and where do they come from (Section 2)?
2) How are onshore microplastic transport pathways linked to offshore pathways? (Section 3) This is currently a missing part of the microplastic cycle (Zalasiewicz et al., 2016). More specifically, are those pathways direct, or more complex with staggered transport and filtering mechanisms? Because of the dominance of river emissions in contributing microplastics to the world’s oceans (Lebreton et al., 2017), here we focus primarily on clastic systems, but many of our discussions will also relate to carbonate systems. 
3) Based on existing knowledge, where do microplastics accumulate on the seafloor, and is there disproportionality in where they are found (Section 4))? How important for example are different physiographic domains such as submarine canyons, which are known conduits for sediment and organic carbon transport and nutrients, compared to, for example, open continental slopes?
4) Based on what we know of microplastic density, size and shape, what physical processes might be responsible for their transport and deposition on the seafloor (Section 5.1 to 5.4)? What are the unique aspects of microplastics transport compared to natural sediments? Do microplastics accumulate within certain grain size ranges as a product of the environment in which they are found?
5) Where should we expect microplastics to be deposited within individual deep-sea environments (Section 5.5), i.e., do they have an affinity for different sedimentary facies, and how might they vary across and down systems such as submarine channels, levees and lobes? What are the implications of these predicted vertical and lateral distributions for deep-sea ecosystems? 
6) What is likely to be the ultimate fate of microplastics (Section 6)? We explore the implications of deep-sea sediment transport that may initially result in preservation of microplastic-bearing deposits over short timescales, but over longer time-scales may be subject to repeated re-exhumation and remobilisation (e.g. canyon filling and flushing). We address this by comparing recent repeat seafloor surveys that span periods of days to decades in active settings, to consider the local residence time and ultimate fate of microplastics within the depositional record over anthropogenic timescales. 

1.3. Objectives and datasets
In order to address the questions outlined above, we synthesise the following datasets:
1) Observations of microplastic distributions from various published studies.
2) Process-based observations and models developed for distribution of lightweight, highly mobile particles in deep-sea systems such as organic carbon and pollutants.
3) Experimental analysis of settling rates and settling behaviour of microplastics.
4) Measurements of sediment transport processes using recent direct monitoring technology (e.g. of river plumes, turbidity currents, internal tides).
5) High resolution repeat seafloor surveys to understand the dynamic nature of active deep-sea sediment transport systems.
6) Geological archives that demonstrate what is ultimately preserved in the depositional record, including sediment cores from modern systems and ancient outcrops that form the basis for the development of system-wide ecological models.  

2. Where do microplastics come from and what types are found on the seafloor?
The global production of plastic increased from approximately 30 million tonnes in the 1960s, to >140 million tonnes by the turn of the 21st Century (Goldberg, 1997; Thompson et al., 2004).  It has proven challenging, however, to quantify the input rate of plastics to the oceans as there are only poor constraints on degradation rates in different environments, and plastic age does not necessarily reflect the age it was deposited (Ryan et al. 2009). In addition, there is a multitude of pathways for plastics to reach the seafloor and these may be heavily modulated by the effects of both surface and water-column currents (e.g. thermohaline currents) (Doyle et al., 2011; Ryan et al., 2009; Cole et al., 2011). A general trend of increasing macroplastic pollution has been observed in long term monitoring studies (e.g. Chiba et al. 2018; Maes et al., 2018); however, an encouraging decline in the occurrence of plastic bags has been noted in the North Sea, suggesting that legislation can have a positive impact (Maes et al. 2018). Only in the last five years have microplastics been identified in the deep and abyssal oceans; the largest marine habitat on the planet (Woodall et al., 2014) (Fig. 2). This new identification may in part be explained by advances in analytical approaches that enable microplastic identification, coupled with a growing societal concern to understand the global significance of plastic pollution; however, it is highly likely that the deep-sea is now experiencing the legacy of the exponential increase in microplastic production over the past five decades (Thompson et al., 2004). 
Microplastics documented on the seafloor are dominated by fibres). The main source of microplastic particles is thought to be the breakdown of primary plastics (e.g. Andrady, 2011; Cole et al. 2011; ter Halle et al., 2016). These primary plastics are typically those which are not recycled and undergo breakdown in the terrestrial realm, e.g., on land and in rivers, and are transported to the marine realm either as microplastics or larger pieces which may degrade on the sea surface or seafloor (e.g. Hurley et al., 2018; Willis et al., 2017; see Section 5.2 on reversing buoyancy), as well those from fishing boats and shipping (Pham et al. 2014). Microfibres are derived from synthetic textiles and are typically derived from sewage plants where they are not retained, and from fishing gear (e.g. Browne et al., 2011; Dubaish and Liebezeit, 2013). The distribution and dynamic behaviour of microplastics in the water column is poorly constrained but is known to be affected by dredging, trawling, tidal currents and other processes which affect turbulence in the water column (e.g. Browne et al., 2010, 2011; Claessens et al., 2011; Van Cauwenberghe et al. 2015; Alomar et al., 2016; Moreira et al., 2016). 

3. How might terrestrial microplastics be introduced to deep-sea environments? 
Sediment, including microplastic, is transported to coastal zones by rivers, wind and ice. Rivers, in particular, are key agents in the transport of microplastics to the coast (e.g. Moore et al., 2011; Klein et al. 2015; Mani et al., 2015; Horton et al., 2017; Lebreton et al., 2017; Willis et al., 2017; Hurley et al., 2018). Other contributors of microplastics to the coastal zone include wastewater from treatment plants, shipyards, harbours and other industries (e.g. Stolte et al., 2015), and urban run-off (e.g. Patters and Bratton, 2016) (Fig. 3). When rivers reach the coast, the sediment within them is either sequestered into shallow marine sediment deposits, where it is prone to reworking by coastal processes including longshore drift, or it is fed directly into a submarine canyon head (e.g. Zalasiewicz et al. 2016; Blum et al., 2018) (Fig. 4). Recent studies have shown that microplastics in beach sands can also be derived from oceanic waste transported by landward-directed surface currents and that this in some cases can dominate over delivery of river-derived microplastics (Chubarenko et al., 2018). 
	The duration of sediment storage in the onshore realm generally depends on the relief of the margin, which is related to the tectonic regime. Steep, tectonically-active margins tend to have minimal onshore storage (e.g. Romans et al. 2016), and hence sediment and microplastics have a short residence time onshore; the opposite being true for mature, passive margins (e.g., the Mississippi River feeding into the Gulf of Mexico - Galloway et al. 2013). Longer duration of onshore storage will allow more time for macroplastics to degrade and for larger fragments to break into smaller fragments (Fig. 3). The downstream transfer of sediment and microplastics in many systems may be staggered, particularly on passive margins with extensive drainage systems. Plastics may undergo temporary storage during periods of relatively low discharge, but be re-exhumed during flood events wherein they are flushed seawards (Hurley et al., 2018). The tectonic configuration of the continental margin also controls the transfer pathways of sediment and microplastics from rivers to deep-sea sediment routing systems, such as submarine canyons. As well as featuring steep and short onshore catchments, active margins are characterised by narrow continental shelves, and steep continental slopes, typically incised by submarine canyons (e.g. Cascadia and California margins, NW USA). Passive margins are characterised by long and relatively lower relief catchments with gentler slopes and wider shelves; hence there is often a much greater distance between rivers and the continental slope (with the exception of infrequent instances where submarine canyons cut back into the continental shelf; e.g. Congo Canyon, West Africa; Babboneau et al., 2002). The role of the continental shelf as both a filter and a conveyor of sediment is critical and especially so in today’s highstand sea-level conditions where slope conduits may be isolated from a feeder system (e.g. Cosgrove et al., 2018). In such detached scenarios, areas of broad continental shelf may provide loci for long-term storage or along-contour redistribution of microplastics (as is also the case for organic carbon), depending on the vigour of along-shelf currents and other oceanographic perturbations, such as storm waves and surges (e.g. Aller and Blair, 2006).  
	We now consider a range of shelf and slope configurations that may explain variability in the efficiency of microplastics transfer from onshore to the deep-sea (Fig. 4). At one end of the spectrum are situations where a river debouches directly into an offshore canyon head, in which the efficiency of transfer for denser microplastics is likely to be high (Fig. 4A). This is particularly the case where rivers with sufficiently high concentrations enter the sea, and lead to plunging of dense sediment-laden water (termed ‘hyperpycnal flow’) that initiates a turbidity current (e.g. Gaoping Canyon, Taiwan; Var Canyon, NW Mediterranean; Mulder et al., 2003; Khripounoff et al., 2009; Carter et al., 2012). High outflows in such settings may lead to rapid sediment accumulation in the canyon head, setting up slope failures, or settling from homopycnal river plumes, that can also trigger turbidity currents (Carter et al., 2012; Pope et al., 2017; Hizzett et al., 2018). These systems are termed ‘reactive’ with the source sediment supply conditions being relatively well-recorded in the deposits of the sink (Fig. 6); an example is the La Jolla canyon-channel system (Romans et al. 2016). In such high efficiency transfer zones, the direct connection between terrestrial outflow and submarine canyon would be expected to result in a concentration of microplastics; in particular the larger size fractions but potentially also microfibres. If a river lacks a direct connection to a submarine canyon (Fig. 4B-D), then along-shelf currents and wave action can redistribute and disperse sediments, thus reducing the efficiency of the river to slope connectivity (Mulder et al., 2012; Eidam et al., 2019). These systems may be termed ‘buffered’, with the input conditions being less faithfully recorded in the sink (Fig. 6); an example being the Indus River - Indus Submarine Fan (Romans et al. 2016). It has been demonstrated that longshore drift acts as a grain size segregator, with the finer and/or hydrodynamically lighter grains being more-readily transported along the shelf (Aller and Blair, 2006). Sediment will be transported along the shelf, until the load is diminished through wave and storm action, or until it meets an intersecting canyon head (e.g. La Jolla or Monterey Canyons, California; Xu et al., 2002; Covault et al., 2007) (Fig. 4 C-D). Thus, microfibres and the lightest microplastic particles will be more-readily dispersed in low-efficiency and buffered margin transfer zones (e.g. disconnection between river and canyon/continental slope, wide shelf dominated by currents), becoming preferentially transported along the coast and shelf. The general advection of fine grained particles over the shelf edge during longshore drift is anticipated to be widespread away from zones of fluvial input, both due to shelfal processes and hydrodynamic aspects, some of which are unique to microplastics. We now discuss some of the key properties of microplastics, and how they compare to sand and mud particles that are more routinely characterised and modelled in sediment transport studies. 

4. In which physiographic domains have microplastics been documented to accumulate at seafloor?
Despite the relative infancy of marine microplastics research, a considerable, and steadily-growing, number of publications now provide compelling evidence of the pervasive nature of microplastics across the seafloor worldwide. Many studies show that deep-sea microplastics occur in similar (or even higher) concentrations as in intertidal and shallow sub-tidal sediments, with microplastic particles being distributed primarily, but not solely, around input points such as submarine canyons (e.g. Woodall et al., 2014; Taylor et al., 2016; Hurley et al. 2018, Bergmann et al. 2017; Figs. 2 & 3, Table 1). Analysis of previous deep-sea studies that sampled seafloor sediments reveals that submarine canyons and ocean trenches are the physiographic domains with the highest density of microplastics (Table 1 and Fig. 4).  These two environments feature almost double the microplastic density at seafloor compared to other deep-sea settings, such as continental shelves, open continental slopes, abyssal plains and seamounts (Fig. 4). While a relatively wide range of settings have been sampled, it should be noted that there some geographic bias to the existing sampling for microplastics (e.g. Atlantic, Mediterranean and Pacific focus). Future efforts should ensure a wider geopraphic, as well as physiographic coverage. 
Submarine canyons have previously been shown to be marine litter hotspots, especially where they occur in close proximity to industrial and densely populated coastal areas (Mordecai et al., 2011; Tubau et al., 2015; Pham et al. 2014; Buhl-Mortensen and Buhl-Mortensen, 2017). Sites offshore from popular tourism centres can be inundated with large quantities of litter that is transported offshore and to deeper water (over 1000 m water depth) following storms or during seasonal cascades of dense water (Tubau et al., 2015). A study of the Lisbon, Blanes, Guilvinec and Setubal canyons (NE Atlantic) found litter at all sites and all water depths (from 35 m to 4500 m), with a higher density than from all other physiographic settings; reaching an average of 9.3±2.9 items ha-1 (Pham et al. 2014). Perhaps unsurprisingly, there is a close match between the recorded distribution of marine litter and microplastic fragments in the ocean (Fig. 4). 
Levels of microfibre contamination in bottom waters have been shown to be considerably higher than in surface waters, for example, 11 microfibres per litre of water were sampled in the Mariana trench, western Pacific Ocean, compared to a few pieces per litre in surface waters and 200-2200 per litre of sediment (Peng et al., 2018). This may partially explain the relative abundance of microplastics in ocean trenches, with the presence of larger plastics and marine litter in that setting being attributed mostly to fishing and shipping activities (Peng et al., 2018). 
While previous studies have provided valuable information on the type and abundance of microplastics in seafloor sediments, they have not yet included any detailed sedimentological data that can explain these physiographic biases for microplastic distribution, nor to enable prediction of how microplastics may be distributed within different system types (e.g. across the full extent of a deep-sea submarine channel system). As an example, the lack of microplastic particles identified at the deep-sea Congo Fan was viewed as anomalous due to the presence of major industrial cities on the Congo River (van Cauwenberghe et al., 2013), but no information is provided about whether the part of the fan sampled was active (i.e. subject to recent turbidity current activity or near-bed oceanographic currents), nor regarding the grain size of the host sediment. Previous studies have demonstrated that, while much of the Congo canyon, deep-sea channel and fan system is a highly active conduit for sediment and organic carbon transport in the present day (Khripounoff et al., 2003; Azpiroz-Zabala et al., 2017), not all of the deep sea distributary networks are active (Picot et al., 2018). Thus, without any detailed information on the seafloor sediments and specific location within the submarine channel-fan system, it is challenging to determine how representative one core location is for an entire system. Recent studies in fluvial and shallow marine/tidal environments have started to address these issues, including the spatial, sedimentological and temporal controls on microplastic distributions (e.g. Van Cauwenberghe et al. 2015; Hurley et al., 2018). We suggest that there is a pressing need to provide more detailed contextual information to link microplastics with the transport processes responsible for their accumulations in order to explain their distributions across different deep-sea depositional environments (Table 1; Fig. 4). If we ever hope to link microplastics to the processes that control their distribution in the deep-sea, we must first understand how they are introduced to marine environments. The following section therefore first outlines the processes that transfer microplastics to the ocean, and then discusses how different tectonic, physiographic and oceanographic configurations may result in the wider dispersal or localized concentrations of microplastics.  

5. Properties of microplastics and physical controls on their suspension, transport and deposition
Microplastics span a wide range of densities; from very low density, such as polystyrene (40 kgm-3) to the densest, e.g. Polytetrafluoroethylene (2020 kgm-3). In contrast, mineral sediment with a grain size larger than clay, i.e., silt and sand, delivered by rivers is dominated by quartz (2650 kgm-3), feldspar (2560 kgm-3) and mica (2750 kgm-3). Therefore, most of our understanding of sediment gravity flows on the seafloor is dominated by sand and mud transport, with less known about the behaviour of lighter particles including microplastics, organic material such as plants, leaves and woody material (e.g. Yamada et al., 2013; Zavala et al., 2012). It is known that plant material can reach the distal parts of submarine fans, e.g. in Permian strata of Tanqua Karoo, Hodgson (2009) reported that plant material had been transported at least 150 km from the contemporaneous shoreline (where it was likely sourced). As well as particle density, grain shape plays an important role in the settling of grains from suspension, with platy particles, such as leaf fragments and mica (despite its high density), or those with intricate shapes, e.g., shells, typically settling more slowly than spherical particles (e.g., McNown and Malaika, 1950; Dietrich, 1982; Oehmig, 1993). Previous work has suggested the hydraulic ‘equivalence’ of organic material with ‘platy’ grains such as mica (Stanley, 1986), such that these particles often settle at lower velocities than slightly finer-grained siliciclastic sand and develop micaceous and organic rich caps to turbidite sand beds (e.g. Hodgson, 2009; Zavala et al. 2012; Fig. 7). Microplastics may exhibit a similar distribution and this would mean they are prone to erosion from subsequent flows, gradual down-system reworking, as well as erosion and resuspension by bottom-currents which may flow obliquely to the ‘primary’ depositional system (Fig. 3).
The principal candidates for the transport of microplastics to and across the deep seafloor are: i) settling, or conveyance through biological processes, of material that was formerly floating on the surface or suspended in the water column; ii) gravity-driven transport in sediment-laden flows, such as turbidity currents; iii) reworking and transport by thermohaline currents; and iv) internal tides (i.e. topographically-steered internal waves that exhibit tidal frequencies; Shepard, 1975). We will now discuss the settling velocity of particles, and then consider the implications of these transport processes.

5.1. Settling velocities of microplastic particles
The paucity of contextual sedimentological data in existing microplastics studies (Table 1) inhibits a detailed investigation of transport processes at present. Information on the specific depositional environment (e.g. a canyon axis that features regular turbidity currents versus an adjacent flank elevated above the zone of flow interaction) and critically the grain size of the host sediments are omitted in most of the existing studies. One of the few studies to provide grain size information (Maes et al. 2017) does not provide water depths or other environmental information for the samples collected. Despite the lack of observational data to link microplastics to transport process, a number of recent laboratory studies have made measurements of the settling velocities of microplastics such that we can investigate the anticipated range of processes and environments that control their transport, dispersal and/or concentration. Laboratory experiments to measure settling velocities for a range of plastic particles (Kowalski et al., 2016; Khatmullina & Isachenko 2017) have demonstrated the expected deviation from theoretical values (e.g. following Dietrich, 1982). Settling velocities () for spherical particles within a turbulent flow can be estimated, following Ferguson and Church (2004), using  where R is the relative submerged density of the particles, g is gravity, D is the particle diameter,  and  are constants, 18 and 1 respectively. Relative submerged density (R) is given by  where s is the density of sediment and f is the density of fluid, in this case seawater, at 1026.2 kgm-3. Settling velocities estimated for various microplastic particles are lower than the main ‘sand-forming’ minerals, which indicates that for a given size, plastic particles will be deposited later than sand grains (Fig. 8). This means, for example, that a 0.5 mm diameter spherical polyurethane pellet would settle at approximately the same rate as a 0.15 mm diameter quartz grain (fine sand), or a 5 mm diameter pellet at the same rate as a 0.75 mm diameter quartz grain (coarse sand). Both natural and plastic particles have a range of shapes and surface roughness so these theoretical values (for spheres) typically over-estimate settling velocity.
Sediment particle size sorting occurs during deposition and resuspension according to the relationship of  to the fluid shear stress () (either turbidity current or bottom current). In general the fluid shear stress for non-cohesive sediment deposition , is lower than that required for erosion ,  which is lower still than that required for suspension , such that  (e.g., McCave et al. 2017). Plastic particle flocculation is poorly understood but it is assumed that most microplastics behave in a non-cohesive manner, however, they may be incorporated into larger aggregates when mixed with clay (Galangi et al. 2015)  or when surfaces have accumulated biofilms (e.g. Lobelle & Cunliffe, 2011). Owing to their wide range of shapes, microfibres are anticipated to behave substantially differently to spherical (e.g. microbeads) or fragmented microplastics (e.g. Högberg et al., 2010). While there may be analogues with plankton fallout (Peterson et al. 2005; Ptacnik et al. 2003), plastic microfibre settling remains an area for future research (Kowalski et al., 2016; Khatmullina & Isachenko, 2017).
We now discuss some of the ways in which the preceding estimates of settling velocity may be modified, due to interactions of microplastics with the ambient marine environment.

5.2. Enhanced suspension fall-out due to reversing buoyancy and biological modifications
While many plastic particles start out with a given low density (and hence slow settling velocity), this can change over time as particles can: i) accumulate biofilms (biofouling; e.g. Lobelle & Cunliffe, 2011; Muthukumar et al., 2011; Long et al. 2015; Cole et al. 2016; Fazey & Ryan, 2016; Kaiser et al., 2017); ii) break down through UV light degradation (photodegradation; Shah et al., 2008); iii) act as focal points for precipitation of chemicals and minerals on particle surfaces (Mato et al., 2001; Corcoran et al. 2015); iv) undergo leaching of additives (Van Cauwenberghe et al. 2013, 2014); and v) form aggregates of marine sediments (Galangi et al. 2015). Biofouling may explain the apparent lack of plastics on the sea surface; recorded levels of plastic at the surface are at least two orders of magnitude lower than anticipated (Cózar et al. 2014). Consumption of microplastic particles by organisms, such as polychaete worms, mysid shrimps and copepods can lead to the expulsion of microplastic-bearing faecal pellets with a greater density than initial microplastic densities (Kuo and Bolton, 2013; Setälä et al., 2014; Courtene-Jones et al. 2017), such that particles are prone to gravity driven settling in the water column. This mechanism has been demonstrated for enhanced settling flux of organic carbon in the Southern Ocean, due to its incorporation into the faecal pellets of krill (Belcher et al., 2019). Biological redistribution of microplastics may also occur through burial within sediment layers, by the burrowing action of organisms, or re-exhumation of previously buried microplastics at seafloor following its consumption and egestion (Urlaub et al., 2013; Näkki et al., 2017). 

5.3. Inhibited settling due to thermohaline stratification and influence of near-bed ocean currents 
Little is known of the residence time of plastics on the sea surface, but it may be significant (>tens of years in some cases; Chubarenko et al., 2016). It has largely been presumed that the fallout of plastic from suspension will be concentrated in those areas prone to surface collection of particles as ‘marine snow’ (Wright et al., 2013); however, the influence of thermohaline circulation in the ocean must not be ignored. Thermohaline stratification can create nepheloid layers that inhibit fall-out and promote the lateral advection of fine sediments, while bottom-hugging contour currents can be agents of sediment deposition, bypass and reworking, and can develop very large accumulations of fine-grained sediment, known collectively as drift deposits (e.g. Stow and Lovell, 1979; Rebesco et al., 2014). 
Settling of microplastics to the seabed will only occur when the shear stress at the base of a flow is lower than the settling velocity, thus leading to inhibited settling and advection of microplastics. Given the typical velocities of near-bed thermohaline currents in many deep-sea locations worldwide (~0.1-0.4 m/s; McCave et al., 2017), it is not surprising that thermohaline currents have been implicated as a control on microplastic transport in several locations in the deep-ocean (Fischer et al. 2015; Bergmann et al., 2017; Peng et al., 2018). Microplastics and fibres in the Kuril–Kamchatka Trench (Table 1) have no immediately adjacent source area, and it has been suggested that northwards-flowing bottom currents in the trench could have brought material from Japan and from as far afield as Russia (Peng et al., 2018). Thermohaline currents have also been invoked for the transport of microplastic particles into the deep Fram Strait (Arctic Sea) owing to its distance from an obvious source (Bergmann et al. 2017) (Table 1). Where a stratified water column interacts with pronounced seafloor topography, internal tides often develop in response to surface tides. Internal tides can exert pronounced shear stresses at seafloor and play an important role in the modulation of downslope sediment transport processes; often acting to re-suspend and transport sediment within canyons and other areas of enhanced relief such as seamounts (e.g. Inman et al., 1976; Paull et al., 2005; Lee et al., 2009; Zhao et al. 2012). In a numerical modelling study of microplastic transport within the Nazaré Canyon (NE Atlantic) internal tides were found to resuspend and move microplastics both up and down canyon, with only a minor net-downstream movement (Ballent et al. 2013). It might be anticipated that one of the main effects of internal tides is to continuously re-suspend the lightest particles deposited on the seafloor priming them for entrainment by large gravity currents moving down the canyon (see Section 5.4). Current-related deposits, in particular contourite drifts, may account for large quantities of microplastics, however this cannot yet be discerned from existing published studies (Table 1).

5.4. Modified settling in sediment-laden fluids and the importance of sediment gravity flows 
Analysis of microplastic settling has so far been determined within clear fluids (Kowalski et al., 2016; Khatmullina & Isachenko 2017). Given the global importance of gravity-driven flows in the transport of sediment and other hydrodynamically light particles in the deep-sea (Galy et al., 2007; Talling et al., 2012a; Gwiazda et al., 2015 ; McArthur et al., 2017), further work is needed to understand the behaviour of microplastic particles in sediment and fluid flows. Such work has been performed for mud and sand mixtures (e.g. Amy et al., 2006) but not yet for mixtures including microplastics, and will need to incorporate the spectrum of gravity flows; from turbidity currents (Talling et al., 2012a), to debris flows (e.g. Ilstaad et al. 2004; Mohrig et al. 1998; Talling et al. 2012a,b; Baker et al. 2017), and slumps and slides which feature a lower degree of internal disaggregation than debris flows (e.g. Nardin et al., 1979; Schwab et al., 1993; Masson et al., 2006; Talling et al. 2012b). This work will be important for the consideration of microplastic distribution within sediment gravity flow deposits (i.e., distributed throughout the bed versus on top of the bed), as this will impact the likelihood of long-term burial rather than erosion by the next gravity flow event.
Sediment gravity flows (in particular turbidity currents) may be significant agents for transporting and distributing microplastics in the deep sea. The first reason is that such flows will entrain and transport microplastics whose density is greater than that of seawater, or that are incorporated in a dense sediment suspension (Ballent et al., 2013; Schlining et al. 2013; Tubau et al., 2015; Zalasiewicz et al., 2016). Thus in a deep-sea system, such as a submarine canyon where gravity-driven flows typically decrease in energy both spatially and temporally, lower density/finer grains can be transported further than higher density/coarser grains, and tend to be deposited later at a given point, as has been shown for low density particulate organic carbon (e.g. Zavala et al., 2012; McArthur et al. 2017; Paull et al., 2018). The second reason relates to how and where sediment gravity flows initiate (i.e. often close to sites of significant terrestrial sediment dispersal such as rivers and/or are foci for the trapping along-shelf sediment transport). Turbidity currents are generated in two principal ways: firstly, by direct fluvial input of sediment-laden river water outflow, which either plunges as it debouches from the river mouth (‘hyperpycnal flow’; Mulder & Syvitski, 1995; Mulder et al., 2003) or settles out from a lower density surface plume (Ayranci et al., 2012; Hizzett et al., 2018; Kineke et al., 2000) to trigger a turbidity current. Such flows have been shown to be significant for transferring organic carbon to deep-water, due to the direct connection of river outflow, and hence are also likely to be important for microplastics transfer (see Section 4; Galy et al., 2007; Zavala et al., 2012; Sparkes et al., 2015). Secondly, turbidity currents may form due to externally or autogenically-triggered collapse of sediment accumulations, such as at submarine canyon heads that trap littoral sediment transport (e.g. Xu et al., 2002; Paull et el.,2018; Smith et al., 2018), rapidly prograding delta fronts (e.g. Clare et al., 2016; Obelcz et al., 2017) or on open continental slopes (e.g. Nisbet and Piper, 1998; Talling et al., 2014; Soutter et al., 2018). Such failure-generated flows may be highly concentrated, contain a heterogeneous sediment mixture, and have the potential to run-out significant distances, eroding and entraining seafloor deposits from open slopes, or within a canyon or channel along their path (e.g. Piper and Savoye, 1993; Stevenson et al. 2015; Hunt, 2017; Allin et al., 2016; Mountjoy et al., 2018). 

5.5. Where should we expect microplastics to be deposited within individual deep-sea deposits?
To date, there has been little to no work done on the vertical distribution of plastics within depositional units. Most samples collected have been from the top few centimetres of sediment and, presumably (although the information is generally not given), from relatively fine grained (clay-silt) deposits. Despite these limitations, our understanding of particulate density fractionation during transport and deposition provides a basis for an initial predictive assessment of their distribution within individual deposits. From the ancient record (e.g. Kneller & Branney, 1995; Talling et al., 2012b) and from observations in modern environments (e.g. Biscara et al., 2012; Clare et al., 2017; Hage et al. 2018; Mountjoy et al., 2018; Smith et al., 2007; Stevenson et al., 2018) we know that some individual event deposits (e.g. by gravity flows) can be many metres thick; hence, the assertion that plastics are only present in the first few centimetres of sediment below the seafloor is unlikely to hold (c.f. Martin et al. 2017). In the following section, we discuss how initial depositional processes may govern the depth below seafloor at which different types of microplastics accumulate, first focusing on episodic gravity flows and then on longer duration, more persistent ocean currents. 

5.5.1. Gravity flow deposits 
It has been suggested that turbidites will show sorting of plastic fragments based on their density, size and shape, with plastic fragments concentrated in the upper divisions (C-E) of ‘Bouma (1962) type’ turbidites (Zalaciewicz et al. 2016). Zalasiewicz et al. (2016) also suggest that plastic fragments may behave in a similar way to other non-spherical particles within sandy deposits (e.g. robust shell fragments, which typically end up in the bottom parts of beds while less dense shells are typically concentrated a little higher, in the ripple-laminated Bouma C division; Davies et al., 1997). In a turbidity current, particles settle according to their density and shape, such that particles with high settling velocities (e.g. dense, spherical particles) will tend to settle faster than those with low settling velocities (e.g. low density, platy particles or fibres). Accordingly, grains with higher settling velocities will tend to concentrate at the base of the flow, whilst those with lower settling velocities will be distributed throughout the flow, due to turbulent mixing (Fig. 9). Flows that are forced to decelerate rapidly, either due to being overloaded with sediment or due to topography, will tend towards having high sediment fallout rates as the turbulent energy dissipates, and the deposit will reflect the stratification of the flow at that point. Where flows decelerate less rapidly (e.g. less concentrated flows running out over gradually decreasing slopes), the turbulent kinetic energy dissipates more slowly, such that particles with progressively lower settling velocity drop out of the flow (e.g. Kneller, 1995). The former case leads to the development of thick, poorly-sorted, massive to crudely stratified turbidites (i.e. ‘high density turbidites’; Lowe et al., 1982; Baas et al. 2002; Kneller, 1995; Kneller & Branney, 1995), while the latter produces a well-developed normal-grading grain-size trend and parallel- to ripple-laminated deposits (i.e. ‘low density turbidites’). Consequently, microplastics in these flows will be distributed throughout beds according to these factors. In high density turbidites, microplastics may be distributed throughout the bed, which may be several metres (or more) thick. In low density turbidites, microplastics may be concentrated at the bed tops (Fig. 9, 9). This has a consequence for the likelihood of microplastic remobilisation by subsequent turbidity currents, for sampling methodology (as most studies sample only the uppermost few centimetres of beds), as well as the availability of microplastics to ingestion by seafloor and/or burrowing fauna (Wright et al., 2013). In situations where a flow is constrained by topography (e.g. within a channel), the upper part of the overspilling flow will tend to concentrate particles that have a low settling velocity (e.g. Kane et al., 2007; Hansen et al., 2015; 2017; McArthur et al. 2017), making depositional areas such as levees more likely sites for microplastics accumulation. A summary of deep-marine gravity flow deposit types and likely microplastic distribution is presented in Figure 10.


5.5.2. Ocean current-related deposits 
Deposits related to ocean currents interacting with the seafloor (i.e. ‘bottom currents’), form a wide range of morphologies grouped together into ‘drifts’. The large drift deposits observed globally are built from sediment that was initially delivered by gravity flow systems, but subsequently reworked by bottom currents. This suggests that microplastics delivered to the basin floor by gravity currents may be prone to erosion and transport by bottom currents, and eventually be sequestered within drift deposits (Rebesco et al., 2014). Drift deposits are generally fine grained, clay-silt, and may reflect current strength variability through time (e.g. Stow et al. 1991) (Fig. 9, 10). The persistent nature of bottom currents, although they may show seasonal variation, means that their deposits are often relatively homogeneous with less well-defined beds than typical gravity current deposits, which tend to be related to episodic events. The velocities of bottom currents (0.06-0.5 ms-1; e.g. Ridderinkhof et al. 2010; McCave et al. 2017; Miramontes et al. 2019) could easily provide enough shear stress to transport microplastics, in particular fibres. Drift deposits are often sites of intense bioturbation and this could be a pathway for microplastics into the deeper sediment (as well as preferentially ingested by benthic organisms). The exceedingly thick and stratigraphically continuous drift deposits preserved offshore east and west Africa, east of South America (e.g. Faugères et al. 1993; Rebesco et al., 2014), and elsewhere, demonstrate the high preservation potential of these features. We anticipate drift deposits to be significant sites for microfibre concentration and storage in the sedimentary record (Fig. 3, 9).

6. Implications for the long-term distribution of microplastics within depositional settings and their ultimate fate
The arrival and storage of microplastics in the Earth’s stratigraphic record has been suggested to mark the onset of the Anthropocene as a new geological epoch (e.g. Waters et al. 2016; Zalasiewicz et al. 2016). In the longer (geological) term, plastics will not be preserved but the breakdown of various types of plastics in seawater, at varying depths, salinities and levels of UV penetration, is poorly understood. However, it is considered that microplastics deposited in the benthic realm may breakdown more slowly than at the land surface, due to the lack of UV-radiation, colder temperatures and lower oxygenation (Woodall et al. 2014). We now revisit the global deep-sea distribution based on understanding of initial influxes, and processes that govern their transport. We integrate recent findings from repeat surveys and direct monitoring of sediment transport to try and understand how future microplastic distribution may change. 

6.1. Open continental slopes
Open continental slopes are here described as the inter-canyon, predominantly non-channelised parts of the clinothems which form the slope between the continental shelf and the base of slope/basin floor. The nature of the tectonic setting will determine the size and the angle of the slope, and the width of the continental shelf, and hence the delivery of sediment to the shelf edge. Continental slopes are generally sites of steady sediment accumulation; microplastic accumulation may be pervasive where sediment is fed along the continental shelf by longshore currents. Submarine landslides may deliver very large volumes (>>1 km3) of sediment to the base of the slope, some of which may transform into turbidity currents (Nisbet and Piper, 1998; Urlaub et al., 2013). These events may be a way of exhuming large volumes of microplastics which have accumulated over many years, and delivering them to the base of slope and beyond. Factors influencing the development and size of submarine landslides include the sedimentation rate, and the tectonic regime, for example small regular earthquakes may continuously shed sediment from the slope, whereas large infrequent events may remove much larger volumes. Slope reworking may occur during periods of enhanced bottom current activity, and open continental slopes are often sites of large drift mounds. Dense water cascades from the shelf, due to trawling and seafloor mining activity, are also common (Palanques et al., 2001; Shapiro et al., 2003). Submarine landslides and debris flow deposits are not restricted to active margins, they can also be common in passive margin settings, for example Eastern USA, NW African and Norwegian margins (e.g. Masson et al., 2010; Hodgson et al. 2018b). Open slopes are thus generally considered to be sites for accumulation of fine microplastics, in particular fibres, and advection from the coast is dependent on the shelf width, location of canyons, and prevalence of longshore currents. Reworking by ocean currents may result in along-slope redistributions in drifts that reflect the trend and intensity of near-bed bottom currents. Submarine landslides may be relatively infrequent, but can serve to re-exhume large areas of previously sequestered microplastics and redistribute them further down-slope.  

6.2. Submarine canyon-channel-lobe systems 
6.2.1. Submarine Canyons 
Submarine canyons are common features along continental margins, usually occurring seaward of major rivers (e.g., Shepard, 1955). They are large-scale erosional features incised into the shelf and slope that commonly have a V-shaped cross section, particularly in the upper reaches (e.g. Pickering et al., 1989). Towards the continental rise (at the base of the slope), canyons flare out and become less steep. Canyons occur across a wide range of scales, from tens to hundreds of kilometres wide, extending downslope for distances of tens to hundreds of kilometres (Pickering et al., 1989). The canyon head may lie within a couple of hundred metres off the coastline (e.g. Monterey Canyon, Paull et al., 2005) or may not extend onto the shelf at all (e.g. Orange et al., 1997), while the canyon mouth may feed one or more submarine channel-levee systems or fed directly into a submarine fan.

Studies of modern canyon systems and linked deep-water fans, such as the Congo canyon, have shown that sustained turbidity currents are very efficient transporters of organic material into deep-water, with organic material often reaching the most-distal parts of the fan (Khripounoff et al., 2003; Azpiroz-Zabala et al., 2017). Turbidity currents in the Congo canyon are estimated to contribute 2% of terrestrial  organic carbon buried globally in the oceans, with individual flows delivering up to 0.19 Megatonnes of organic carbon. Such flows could therefore be highly capable of transporting microplastics, being of similar densities to organic material, to the distal parts of the fan. This organic material, together with relatively oxygenated water, is important for benthic ecosystems at extremely deep water depths (Rabouill et al., 2017). Similar distributions of organic material are recorded in ancient submarine fan systems (e.g. Stanley, 1986; McArthur et al., 2017). Other anthropogenic pollutants such as DDT pesticide have been demonstrated to preferentially flow down canyons. In the Monterey Canyon, Paull et al. (2002) documented levels of 10±3 to 18±8 ppb in the canyon, but only 2±2 ppb in the intra-canyon flanks and background slope.

Large magnitude flows within canyons, e.g., due to large earthquakes, can result in ‘flushing’ of sediment that has accumulated within them (Piper and Savoye, 1993; Talling et al., 2013; Allin et al., 2016; Mountjoy et al. 2018). This includes canyon muds and other deposits including levees, terrace and channel fill. If terrace deposits and levees are sites of preferential storage of deep-marine microplastics, as recent studies have suggested, then this flushing would potentially remobilise microplastics that are temporarily stored in these environments. Given the rates of decay cited for plastic degradation, many of today’s plastics may be around from 10s to upwards of 1000 years and consequently a large canyon flushing event could release a huge amount of non-degraded microplastic. Recent work on river transported microplastic has shown that flood events may flush river-bed microplastics; in the Mersey catchment (UK), winter flooding removed approximately 70% of the microplastic load stored in riverine sediments, and entirely removed microbeads at 7 sites (Hurley et al., 2018). Whether all of this sediment was transported downstream or lighter particles were also delivered to the overbank, is unclear. Microplastics are anticipated to be equally prone to flushing in submarine environments. High-resolution seafloor surveys performed before and after a powerful (>7 ms-1) turbidity current in the Monterey Canyon revealed that only the sandy axial channel (100-200 m width) was subjected to significant erosion (>3 m in places), while the more muddy canyon flanks showed no resolvable elevation difference (Paull et al., 2018). Thus, the influence of canyon flushing may be quite focused, ensuring more effective long-term microplastic sequestration in overbank areas.
Recent work focused on the distribution of different sediment gravity flow deposit types has shown that those with internal divisions of homogenous sediment deposited by transitional or laminar flow (e.g. hybrid beds), tend to occur in distal lobe settings that are less prone to erosion (e.g. Haughton et al., 2003), suggesting that plastics may be retained in the sedimentary deposit. In contrast, turbidites deposited within canyon or channel axes, that feature concentrations of lighter particles at the bed tops (e.g. low density turbidites), are prone to remobilisation (e.g. Symons et al., 2016; Hage et al., 2018). The timescales of remobilization will depend upon the frequency and magnitude of successive seafloor flows.

6.2.2. Submarine channels
Submarine channels are long-term conduits for sediment transport and extend from the canyon into the deeper basin, and terminate in lobe deposits beyond the channel mouth (Normark, 1970; Pickering et al., 1989; Mutti & Normark., 1991; Normark et al. 1997; Peakall et al. 2000; Jobe et al., 2015; Hansen et al., 2017). Channels may be bound at their margins by erosional surfaces or levees, or both (e.g., Clark & Pickering, 1996; Li et al., 2016a). As much of their lifespan is dominated by bypass of turbidity currents, the deposits preserved at channel bases tend to be coarser particles and transient bedforms (e.g. Hunt, 2017; Symons et al. 2016; Hage et al. 2018). Microplastics will be both bypassed through the channel and spill over onto the internal levees and terraces, within a wider channel belt, and also onto the external levees bounding the channel system (Kane & Hodgson, 2011). Internal levees and terraces have moderate preservation potential but may still be prone to erosion by, and entrainment into large flows. External levees tend to have better preservation potential as overspilling flows tend to be relatively dilute (e.g. Piper & Normark, 1983). Vendettuoli et al. (2019) showed that over just one year, the average preservation of deposits across the active river-fed (fjord) Squamish submarine channel system was 11%, with much lower preservation in proximal parts of submarine channels, at the eroded flanks of channel bends, and at the channel-lobe transition zone (as low as 0% preservation). In thick turbidites of the same system, erosion by repeated turbidity currents tended to leave only the lowermost and coarsest fraction of individual beds in the channel axis, hence any other fines are reworked (Hage et al., 2018). On an even larger scale, intra-channel erosion by upstream-migrating knickpoints has been shown to result in poor preservation potential of deposits in the channel axis, while terraces and levees were sites of enhanced deposit preservation (Gales et al., 2018). In summary, channel axes are considered to be important conveyors of and temporary storage sites for microplastics, but it is levees and terraces that are the most likely hotspots for their long-term accumulation. To date there are no known studies of microplastics in this setting.

6.2.3. Submarine lobes
Lobes represent the terminal parts of deep-water sediment routing systems and are repositories for the vast amount of mainly siliciclastic sediment transferred by channel systems (Normark, 1978, 1978; Walker, 1978; Nelson et al., 1992; Twichell et al., 1992; Gervais et al., 2006; Deptuck et al., 2008; Jegou et al., 2008; Saller et al., 2008; Prelat et al., 2009). Lobe bodies typically thin and become more fine-grained away from the feeder channel. The upper surfaces of lobes, in particular the distal parts, are commonly covered by mud and organic material transferred through the system (Fig. 7). Repeated turbidity current activity on a lobe means that this lighter material will ultimately end up at the most distal parts of the lobe. Sedimentary facies broadly evolve from thick high density turbidites at the lobe axis, to thin low density turbidites at the lateral and distal fringes (e.g., Johnson et al., 2001; Hodgson et al., 2006). Transformation of turbidity currents into dense cohesive flows is common in these settings, as the fine cohesive material left on the seafloor is picked up and incorporated into incoming turbidity currents (Haughton et al., 2003; Hodgson, 2009; Talling et al., 2013; Southern et al., 2017; Kane et al., 2017; Spychala, et al., 2017). The deposits of these flows (hybrid beds) typically have an ungraded muddy-sand division which is rich in organic material; microplastics may be incorporated into these internal divisions and, being in a distal locality are less likely to be eroded by subsequent flows. 

Repeated surveys of the submarine channel system in Lake Geneva indicate that, over a period of 125 years, channel-levees and the distal lobe account for 75% of stored sediment delivered to the system, but 52% of this was transported further towards more distal locations (16% of that was stored in the levees, and 37% on the lobe; Silva et al. 2018). Consequently, a significant proportion of sediment supplied by rivers ended up at the terminal lobe.  This is similar to observations from the Squamish submarine channel system, where the lobes are generally sites of net accumulation (Hizzett et al., 2018; Vendettuoli et al., 2019). Overall, the distal fringes of lobes in major submarine sediment routing systems are considered to be likely hotspots for microplastic accumulation.

6.3. Abyssal plains and deep-sea trenches
The abyssal plain lies beyond the base of the continental slope, downslope of major submarine sediment routing systems. Sedimentation rates are generally very low and dominated by pelagic settling, but in some cases influenced by the action of bottom currents (see section 5.5), or interrupted infrequently by basin-wide emplacement of turbidites that initiated as submarine landslides (e.g. Rusnack and Nesteroff, 1963; Weaver and Rothwell, 1987; Clare et al., 2014). It has been suggested that bottom currents may transport plastics, particularly fibres, but the deposition of microplastics that have undergone biofouling or UV light degradation might be significant, as well as marine litter from shipping and fishing. Some of the samples analysed by Van Cauwenberghe et al. (2013), Woodall et al. (2014) and Sanchez Vidal et al. (2017) may be ascribed to the abyssal plain but the limited depositional context renders any further sedimentological analysis somewhat challenging. 
The deepest reaches of the world’s oceans, deep-sea trenches, occur along subduction plate boundaries and are sites of sediment accumulation. Deep-sea trench sediments have been shown to host disproportionately high quantities of microplastics (Fischer et al. 2015; Bergmann et al. 2017; Peng et al. 2018). Notably, Fischer et al. (2015) recorded plastic microfibres at depths of up to 5766 m in the Kamchatka Trench and abyssal plain, with concentrations as high as 2000m-2, and Peng et al. (2018) discovered microfibre levels as high as 1600 pieces per litre of sediment at 10,903 m depth in the Mariana Trench. As these trenches are located large distances from any direct input, bottom currents and water column settling are considered to be the dominant processes for their transfer, but input arising from adjacent trench-slope failures may also make rare but significant contributions. Thin-skinned (cms-thick) but areally-widespread slope failures have been shown to introduce large quantities of sediment (>0.1 km3) and organic carbon (>1 Tg) to the Japan Trench (Kioka et al., 2019); hence might also be expected to remobilize previously buried microplastics. 

6.4. Preservation potential summary
In general, proximal and high-energy environments, such as canyon and channel axes, are sites of sediment bypass rather than long-term storage (Stevenson et al. 2015). Microplastics in these settings will be transient and subject to downstream reworking. In areas where flows decelerate, and die out, such as on levees, terraces, and lobes, sediments and microplastics may be stored for longer time periods, or indefinitely. In the recent study of Martin et al. (2017), a depth of 4 cm was recommended to capture all of the microplastics in a deep-marine setting, however, in many deep-marine settings, microplastics may be much more deeply buried and the depositional environment needs consideration. No single rule fits all environments. For example, on the flanks of the upper Monterey Canyon, in their study of DDT pesticide distribution, Paull et al. (2002) recorded sedimentation rates of 0.6 cm/year; if no erosion took place since plastic production began, there may be areas where sediment thicknesses of 40 cm plus contain microplastics. In areas where large sandy turbidity currents are active, microplastic-bearing deposits may be tens of metres thick. Little is known regarding the transport of microplastics by bottom currents, but it seems highly-likely that they are important agents for the redistribution of sediment gravity flow delivered microplastics across the global seafloor. Quiescent settings such as abyssal plains, and deep-sea trenches in particular, feature high preservation rates and are likely to be long-term deep-sea depositional sinks for microplastics. 

 6.5. Implications for benthic ecosystems
Despite their prevalence, the implications of the presence of microplastics on the seafloor are poorly-understood - but it is thought that they are entering the food-chain via trophic transfer from benthic organisms (Ivar do Sul and Costa, 2007; Lusher, 2015; Rochman et al. 2015; Taylor et al. 2016; Li et al., 2016b; GESAMP, 2016; UNEP, 2016; Courtene-Jones, 2017; Näkki et al., 2017; Fernandez-Arcaya et al., 2017; Nelms et al. 2019). Microplastics may act as focal points for various toxins and hydrophobic compounds as demonstrated by Mato et al. (2001) who showed that PCB (polychlorinated biphenyls) concentration on polypropylene particles from offshore Japan was up to 106 higher than the surrounding seawater. These toxins may be concentrated in benthic organisms which consume them (Taylor et al., 2016; Courtene-Jones, 2017). Submarine canyons act to concentrate macrophyte and terrestrial organic matter, as well as other nutrients including those of an anthropogenic origin (e.g., Khripounoff et al., 2003; Pham et al., 2016). Oxygen and nutrient enrichment in modern channel and canyon environments has an influence on the benthic fauna that can be sustained. As an example, oxygen levels in La Jolla Canyon (offshore California) at 500 m depth are highly variable, averaging 1.37 ml/l but due to tidal oscillations range between 0.5 and 2.1 ml/l. In comparison, non-canyon areas at the same depth averaged 0.74 ml/l (Vetter and Dayton, 1998). Nutrient levels in the Congo fan are 100 times higher than the adjacent slope (Khripounoff et al., 2003). Seafloor sediment samples from Kaikoura Canyon, New Zealand, yielded an average of >500 individuals m-2 and a biomass of c.1300 g m-2; adjacent slope environments yielded an average of <50 individuals m-2 and biomass of <100 g m-2 (Rex et al., 2006; De Leo et al., 2010). Similar scenarios have been reported from other canyons globally (e.g. Cunha et al., 2011). As a result of this enrichment, submarine channels and canyons can contain a greater faunal density and/or biomass than adjacent non-channel/canyon regions of the slope or basin floor (Griggs et al., 1969; Vetter and Dayton, 1998; Gerino et al., 1999; De Leo et al., 2010; Duffy et al., 2013; Pham et al., 2016). As canyons are most likely repositories for microplastics (at least over decadal timescales), their critical role in marine ecosystems is potentially at risk.
The depth to which organisms burrow is also greater in more active parts of submarine sedimentary systems, as organisms burrow to find buried nutrients in the thicker deposits of these environments, and perhaps to evade evacuation by turbidity currents (Young et al., 1985; Wetzel, 1991; Gerino et al., 1999). It has recently been shown that bioturbation may extend into the subsurface by up to 8 m, which has implications for mixing of anthropogenic sediment with older sediment (Cobain et al. 2018). Many organisms have been shown to consume microplastic particle and fibres, including polychaetes, molluscs including bivalves and brachiopods, echinoderms and copepods (e.g., Thompson et al. 2004; Ward and Shumway, 2004; Graham and Thompson, 2009; Cole et al. 2013). These particles can translocate into the tissue of organisms or be recycled in faecal pellets (Browne et al., 2008; vonMoos et al., 2012). Taylor et al. (2016) shows evidence of microplastic (fibre) ingestion in the deep sea – from the mid-Atlantic and SW Indian Ocean. Various organisms showed accumulation of fibres within their tissues and hard parts. For example, a hermit crab from approximately 1050 m depth in the SW Indian Ocean was found to yield 5 microfibres (Taylor et al., 2016). This is important as microplastics can concentrate organic pollutants and absorb metals which can then be consumed by marine organisms (Taylor et al., 2015). In a recent study of larger marine mammals washed up on UK beaches, all were found to have ingested microplastics; however, the pathways for trophic transfer remain unclear (Nelms et al., 2019). Some of this consumption could be accidental (e.g., by filter feeding), but some is likely transferred upwards from benthic organisms which have been shown to ingest microplastics (e.g. Thompson et al. 2004; Ward and Shumway, 2004; Graham and Thompson, 2009; Cole et al. 2013; Farrell et al. 2013). In the Rockall Trough, of the 66 invertebrates identified, 48% had ingested microplastics in quantities comparable to coastal species (Courtene-Jones et al., 2017). Whilst it is clear that microplastics are entering the food chain, it is unclear how the depositional environments of microplastic accumulation are distributed, and how these relate to ecosystem variability. Therefore there is a pressing need to better integrate studies that address particulate transport, deep-sea microplastic sequestration and the resultant ecological implications. 

7. Summary and conclusions
The study of microplastics in deep-marine environments is in its infancy. While it has been shown that microplastics occur within seafloor sediments, the necessary sedimentological data to make meaningful predictions of the seafloor distribution of microplastics, such as grain size and mineralogy of the host sediment, specific depositional environment or seafloor current regimes, are currently lacking. Datasets which constrain microplastic input from the terrestrial realm, capture information on microplastics fed to deep-marine canyons and over the shelf edge by other means, and which document distributions in specific seafloor depositional environments, are essential in the development of process-product models for microplastic distribution. Experimental and physical models of microplastic behaviour in sediment gravity flows are a vital step towards understanding the behaviour in natural systems. The longevity of plastics in deep, cold, low oxygen settings is poorly understood and an area requiring further research. Developing a basic understanding of the seafloor processes that control and modulate the distribution of microplastics is essential as we begin to understand their effect on benthic organisms and their passage into the trophic chain. The implications of ingested microplastics on fishing stocks as well as directly for human health are as-yet poorly understood, hence, a concerted research effort is required on multiple fronts. We hope some of the suggestions herein will contribute to addressing this global environmental crisis to address these and other societal and economic implications.


7.1 A pressing need to understand the processes by which microplastics are transported in the deep-sea
Microplastics pervade the modern day seafloor across the full range of marine environments. These light and highly mobile particles are delivered to the coast by rivers, wind and ice and to the sea surface from shipping and marine industries. The relative abundance of microplastics in submarine canyons and deep-sea trenches suggests that delivery of microplastics to the seafloor is strongly controlled by gravity currents (although this remains to be proven), and by settling from the surface through the water column, aided by densification processes such as mineral accretion and biofouling. Microplastic fragments, in particular, show an affinity with areas where macroplastics and marine litter are common (e.g. submarine canyons), while microfibres have a wider distribution and are likely to be transported easily by bottom currents. The role of redistribution by bottom currents is not well understood but we suggest that microplastics can be easily distributed far from direct input points such as major rivers. 

7.2. Depositional and post-depositional processes are considered strong controls on the ultimate fate of microplastics
Microplastics may be buried much deeper than is currently assumed. Sediment accumulation rates differ vastly according to depositional environment; hence in certain settings, microplastic-bearing sediments may be tens of metres thick and sampling the top few cm is therefore not always representative. Sediment preservation potential will dictate the storage time of microplastics at specific points within a submarine depositional system. Canyon and channel axes are prone to flushing and reworking, while levees, other overbank areas, and distal lobes are sites of lower disturbance, and hence enhanced preservation potential. The depth of microplastic burial as well as the density of those accumulations both influence bioavailability. While trophic transfer of these microplastics is highly likely, burrowing organisms are likely to mix the microplastic interface to deeper levels and the implications for the wider food web remain unclear. What is clear is that sites with high microplastic input are often foci for diverse and dense benthic communities. This is because the same sediment gravity flows that transfer the oxygen and nutrients that sustain them are also capable of transporting microplastics. 

7.3. Future recommendations
We have explained the important role different transport processes may play in the transport, accumulation density and sequestration of microplastics in the deep-sea, yet few studies provide contextual information to enable detailed analysis nor to further develop predictive models. Future studies documenting microplastics on the seafloor should (at the very least) provide basic sedimentological information (grain size and mineralogy of the host sediment; depositional environment; water depth). These are all easily determined once a sample has been collected and should be provided alongside analytical information on microplastics (morphology, polymer type, size, density etc). Better constraint on the sources (such as fluvial inputs) and the transfer route(s) of marine microplastics from shelf to deep sea is crucial in order to developed more robust global budgets for microplastics. Improved physical models to explain microplastic settling, and the behaviour of fragments and fibres in thermohaline currents and gravity flows, will enable more effective microplastic transport models to be developed. These are required for global distribution models, to forecast future transport pathways, and potentially to inform mitigation strategies concerning their dispersal to critical offshore regions. 
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Table Caption
Table 1. Compilation of published studies documenting microplastics in deep-marine seafloor sediments.

Figure Captions
Figure 1. A) microplastic fibres and B) microplastic fragments; both from seafloor cores, c. 1200 metres water depth, Tyrrhenian Sea. 
Figure 2. Global distribution of studies which have identified microplastics in seafloor sediment samples.
Figure 3. Microplastic input, transport vectors and sinks. Green boxes represent primary input, blue boxes range boxes represent temporary and permanent sinks, white boxes represent transport mechanisms and arrows represent transport vectors.  Modified and extended (to include marine realm) from Horton & Dixon (2018).
Figure 4. Compilation of microplastic and microfibre distribution in deep-marine sediments and their gross depositional environments (data compiled from: Van Cauwenberghe et al., 2013; Woodall et al., 2014; Fischer et al. 2015; Martin et al. 2016; Bergmann et al., 2017; Graca et al., 2017; Leslie et al. 2017; Peng et al., 2018; Sanchez Vidal et al., 2018). As a comparison data from marine litter distributions collected by Pham et al. (2014) are shown.
Figure 5. The efficiency of transfer of microplastics and larger primary plastic items from the terrestrial to deep-marine realm is dependent on the duration of onshore sediment storage and the proximity of the canyon head to the principal terrestrial sources of sediment, e.g. river mouths, which is influenced primarily by the tectonic style of the margin. Longshore currents as well as the volume and density of fluvial outflow will also have a strong influence on the likelihood of plastics reaching the canyon head. Modified from Sømme et al. (2009).
Figure 6. Reactive versus buffered sediment delivery systems. Longer residence periods for sediment in the buffered systems suggests that plastics may be more  degraded, both physically and chemically, suggesting that plastics delivered in these systems will be more degraded and smaller. In the buffered example, the seafloor expression of surges in plastic production may signifcantly lag behind their introduction to the sedimentary environment. Modified from Romans et al. (2016).
Figure 7. A) Organic-rich material incorporated within turbidite laminae, and B) concentrated on the bed top; both from Bute Inlet, British Columbia (courtesy of Maarten Heijen).  C) Organic material distributed within a hybrid bed and in the uppermost dark-coloured division (cored interval, Palaeogene, Gulf of Mexico; Kane & Pontén, 2012). D) Plant fragments in the upper part of a hybrid bed (Permian, Tanqua Karoo; Hodgson, 2009). E) Thin-section photomicrograph showing small plant fragments within a hybrid bed (Permian, Tanqua Karoo; Kane et al., 2017). Microplastic fragments and fibres might be anticipated to have similar distributions in deep-water deposits.
Figure 8. Settling velocities estimate for a range of spherical particles in a turbulent flow; as an example a 1 mm polyurethane sphere would settle at similar velocity to a 0.25 mm quartz grain. Natural particles have a wide range of shapes and surface roughness which will affect their settling, and microfibres will diverge significantly from this model.
Figure 9. Sediment distribution in a turbidity current. Particles with a relatively low settling velocity (), in comparison to the shear velocity (), e.g., microplastics, will tend to be more homogenously distributed throughout the flow than those with a high settling velocity, e.g., quartz and feldspar.  = settling velocity, = shear velocity. Where microplastics end up in the flow deposits depends on the rate of flow deceleration, e.g., they might be distributed throughout high-density turbidites, but concentrated at bed tops in low-density turbidites. Modified from Hansen et al. (2015).
Figure 10. Range of sediment gravity flow types, their deposits, and the anticipated distribution of microplastics. This is important as specific benthic ecosystems develop in depositional sites prone to particular sediment gravity flow types; the deposit type then has a bearing on the likelihood of remobilisation of microplastic and its availability for ingestion by benthic fauna and flora.
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Figure 1. A) microplastic fibres and B) microplastic fragments; both from seafloor cores, c. 1200 metres water depth, Tyrrhenian Sea. 
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Figure 2. Global distribution of studies which have identified microplastics in seafloor sediment samples.
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Figure 3. Microplastic input, transport vectors and sinks. Green boxes represent primary input, blue boxes range boxes represent temporary and permanent sinks, white boxes represent transport mechanisms and arrows represent transport vectors.  Modified and extended (to include marine realm) from Horton & Dixon (2018).
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Figure 4. Compilation of microplastic and microfibre distribution in deep-marine sediments and their gross depositional environments (data compiled from: Van Cauwenberghe et al., 2013; Woodall et al., 2014; Fischer et al. 2015; Martin et al. 2016; Bergmann et al., 2017; Graca et al., 2017; Leslie et al. 2017; Peng et al., 2018; Sanchez Vidal et al., 2018). As a comparison data from marine litter distributions collected by Pham et al. (2014) are shown.
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Figure 5. The efficiency of transfer of microplastics and larger primary plastic items from the terrestrial to deep-marine realm is dependent on the duration of onshore sediment storage and the proximity of the canyon head to the principal terrestrial sources of sediment, e.g. river mouths, which is influenced primarily by the tectonic style of the margin. Longshore currents as well as the volume and density of fluvial outflow will also have a strong influence on the likelihood of plastics reaching the canyon head. Modified from Sømme et al. (2009).
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Figure 6. Reactive versus buffered sediment delivery systems. Longer residence periods for sediment in the buffered systems suggests that plastics may be more  degraded, both physically and chemically, suggesting that plastics delivered in these systems will be more degraded and smaller. In the buffered example, the seafloor expression of surges in plastic production may signifcantly lag behind their introduction to the sedimentary environment. Modified from Romans et al. (2016).
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Figure 7. A) Organic-rich material incorporated within turbidite laminae, and B) concentrated on the bed top; both from Bute Inlet, British Columbia (courtesy of Maarten Heijen).  C) Organic material distributed within a hybrid bed and in the uppermost dark-coloured division (cored interval, Palaeogene, Gulf of Mexico; Kane & Pontén, 2012). D) Plant fragments in the upper part of a hybrid bed (Permian, Tanqua Karoo; Hodgson, 2009). E) Thin-section photomicrograph showing small plant fragments within a hybrid bed (Permian, Tanqua Karoo; Kane et al., 2017). Microplastic fragments and fibres might be anticipated to have similar distributions in deep-water deposits.
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Figure 8. Settling velocities estimate for a range of spherical particles in a turbulent flow; as an example a 1 mm polyurethane sphere would settle at similar velocity to a 0.25 mm quartz grain. Natural particles have a wide range of shapes and surface roughness which will affect their settling, and microfibres will diverge significantly from this model.
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Figure 9. Sediment distribution in a turbidity current. Particles with a relatively low settling velocity (), in comparison to the shear velocity (), e.g., microplastics, will tend to be more homogenously distributed throughout the flow than those with a high settling velocity, e.g., quartz and feldspar.  = settling velocity, = shear velocity. Where microplastics end up in the flow deposits depends on the rate of flow deceleration, e.g., they might be distributed throughout high-density turbidites, but concentrated at bed tops in low-density turbidites. Modified from Hansen et al. (2015).
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Figure 10. Range of sediment gravity flow types, their deposits, and the anticipated distribution of microplastics. This is important as specific benthic ecosystems develop in depositional sites prone to particular sediment gravity flow types; the deposit type then has a bearing on the likelihood of remobilisation of microplastic and its availability for ingestion by benthic fauna and flora.
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	Location
	Depth
	Depositional environment
	Specific sub-environment
	Sediment grain size
	Microplastic  size range
	Microplastic type
	Concentration
	Reference

	Irish Sea
	Below MLD
	Distal Continental Shelf
	Not specified
	Sandy
	5-250 µm
	Fibres (85%) Fragments (15%)
	1-7 / 25 ml
	Martin et al. 2017

	Mariana Trench
	5108-10908
	Deep ocean trench
	Not specified
	Not specified
	0.1-0.5 mm
	Mostly fibres
	200-2200 / litre
	Peng et al. 2018

	Subpolar N Atlantic
	1000-2000
	Open Slope
	Not specified
	Not specified
	<0.1 x 2-3 mm
	Fibres
	10-15 / 50 ml
	Woodall et al. 2014

	NE Atlantic
	1400
	Continental margin
	Canyon
	Not specified
	<0.1 x 2-3 mm
	Fibres
	40 / 50 ml
	Woodall et al. 2014

	NE Atlantic
	2200
	Open Slope
	Not specified
	Not specified
	<0.1 x 2-3 mm
	Fibres
	10 / 50 ml
	Woodall et al. 2014

	Mediterranean
	300-1300
	Continental margin
	Canyon
	Not specified
	<0.1 x 2-3 mm
	Fibres
	10-35 / ml
	Woodall et al. 2014

	Mediterranean
	900
	Open Slope
	Not specified
	Not specified
	<0.1 x 2-3 mm
	Fibres
	10 / 50 ml
	Woodall et al. 2014

	Mediterranean
	3500
	Basin
	Not specified
	Not specified
	<0.1 x 2-3 mm
	Fibres
	10 / 50 ml
	Woodall et al. 2014

	SW Indian Ocean
	900-1000
	Seamount
	Not specified
	Not specified
	<0.1 x 2-3 mm
	Fibres
	1.4- 4 / 50 ml
	Woodall et al. 2014

	Atlantic, Southern Ocean
	2749
	Polar front
	Not specified
	Not specified
	60 x 118 µm
	Fragments (no test for fibres)
	1 / 25 cm2
	Van Cauwenberghe et al. 2013

	N Atlantic, Porcupine Abyssal Plain
	4842-4843
	Abyssal plain
	Not specified
	Not specified
	44x83 – 137x161 µm
	Fragments (no test for fibres)
	3 / cm2
	Van Cauwenberghe et al. 2013

	Gulf of Guinea, Congo Fan
	4785
	Deep marine fan system
	Distal Lobe
	Not specified
	None present
	
	0
	Van Cauwenberghe et al. 2013

	Mediterranean, Nile Fan
	1176
	Deep marine fan system
	Not specified
	Not specified
	53 x 75 µm
	Fragments (no test for fibres)
	1 / 25 cm2
	Van Cauwenberghe et al. 2013

	SW Pacific Kuril–Kamchatka Trench
	4869-5766
	Deep ocean trench
	Not specified
	Not specified
	<1 mm
	Fibres (75%) Fragments (25%)
	2020 / m2
	Fischer et al. 2015

	S. Baltic Sea, Gdansk deep
	106
	Slope
	Not specified
	clay-silt
	0.1-2 mm long
	Fibres
	3 / kg
	Graca et al. 2017

	Catabrian Sea
	1207-2000
	Canyon
	Not specified
	clay-silt
	3-8 mm long
	Fibres
	40-70 / 50 ml
	Sanchez Vidal et al. 2017

	Alboran Sea
	42
	Continental shelf
	Not specified
	clay-silt
	3-8 mm long
	Fibres
	45  / 50 ml
	Sanchez Vidal et al. 2017

	Alboran Sea
	248-770
	Open continental slope
	Not specified
	clay 
	3-8 mm long
	Fibres
	25-60 / 50 ml
	Sanchez Vidal et al. 2017

	Alboran Sea
	389-1857
	Canyon
	Not specified
	clay-silt
	3-8 mm long
	Fibres
	25-50  / 50 ml
	Sanchez Vidal et al. 2017

	Catalan Sea
	67
	Continental shelf
	Not specified
	clay-silt
	3-8 mm long
	Fibres
	45  / 50 ml
	Sanchez Vidal et al. 2017

	Catalan Sea
	281-2196
	Canyon
	Not specified
	clay-silt
	3-8 mm long
	Fibres
	25-75  / 50 ml
	Sanchez Vidal et al. 2017

	Catalan Sea
	2117-2222
	Deep margin and basin (floor)
	Not specified
	clay
	3-8 mm long
	Fibres
	20-40  / 50 ml
	Sanchez Vidal et al. 2017

	Cretan Sea
	991-1018
	Open continental slope
	Not specified
	clay
	3-8 mm long
	Fibres
	10  / 50 ml
	Sanchez Vidal et al. 2017

	Levantine Sea
	1615-2015
	Open continental slope
	Not specified
	clay
	3-8 mm long
	Fibres
	15  / 50 ml
	Sanchez Vidal et al. 2017

	Levantine Sea
	2720-3500
	Deep margin and basin (floor)
	Not specified
	clay
	3-8 mm long
	Fibres
	10-60  / 50 ml
	Sanchez Vidal et al. 2017

	Black Sea
	840
	Canyon
	Not specified
	clay-silt
	3-8 mm long
	Fibres
	20  / 50 ml
	Sanchez Vidal et al. 2017

	Arctic Sea, Fram Strait
	2342
	Trench
	Not specified
	Not specified
	>11 -150 µm
	Fibres
	2303.98 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	2460
	Trench
	Not specified
	Not specified
	>11 -100 µm
	Fibres
	1404.95 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	3127
	Trench
	Not specified
	Not specified
	>11 -125 µm
	Fibres
	2088.91 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	3430
	Trench
	Not specified
	Not specified
	>11 -150 µm
	Fibres
	1222.9 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	4092
	Trench
	Not specified
	Not specified
	>11 -175 µm
	Fibres
	3394.63 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	5108
	Trench
	Not specified
	Not specified
	>11 -200 µm
	Fibres
	3392.98 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	5570
	Trench
	Not specified
	Not specified
	>11 -100 µm
	Fibres
	44.43 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	2783
	Trench
	Not specified
	Not specified
	>11 -100 µm
	Fibres
	3463.71 / litre
	Bergmann et al. 2017

	Arctic Sea, Fram Strait
	2549
	Trench
	Not specified
	Not specified
	>11 -125 µm
	Fibres
	3051.6 / litre
	Bergmann et al. 2017

	North Sea
	Not specified
	Continental shelf
	Not specified
	Not specified
	10-5000 µm
	Particles, foils and fibres
	440 / kg dw
	Leslie et al. 2018

	North Sea
	Not specified
	Continental shelf
	Not specified
	Not specified
	10-5000 µm
	Particles, foils and fibres
	470 / kg dw
	Leslie et al. 2018

	North Sea
	Not specified
	Continental shelf
	Not specified
	Not specified
	10-5000 µm
	Particles, foils and fibres
	520 / kg dw
	Leslie et al. 2018

	Arctic Central Basin – Yermak Plateau
	855
	Abyssal plain plateau
	Not specified
	clay-silt
	None present
	(test for >100 microns)
	0
	Kanhai et al. 2019

	Arctic Central Basin – Amundsen Basin
	4353
	Abyssal plain
	Not specified
	clay-silt
	1.38, 1.84 mm
	Fibres (test for >100 microns)
	2 / 10 g
	Kanhai et al. 2019

	Arctic Central Basin – Foot of Lomonosov Ridge
	3777
	Abyssal plain
	Not specified
	clay-silt
	0.47 mm
	Fibre (test for >100 microns)
	1 / 10 g
	Kanhai et al. 2019

	Arctic Central Basin – Marvin Spur
	3936
	Abyssal plain - ridge
	Not specified
	clay-silt
	0.91
	Fragment (test for >100 microns)
	1 / 10 g
	Kanhai et al. 2019

	Arctic Central Basin – Crest of Lomonosov Ridge
	1253
	Abyssal plain - ridge
	Not specified
	clay-silt
	3.58 mm
	Fibre (test for >100 microns)
	1 / 10 g
	Kanhai et al. 2019

	Arctic Central Basin – Marvin Spur
	3941
	Abyssal plain - ridge
	Not specified
	clay-silt
	None present
	(test for >100 microns)
	0
	Kanhai et al. 2019

	Arctic Central Basin – Alpha Ridge
	2620
	Abyssal plain - ridge
	Not specified
	clay-silt
	0.54, 0.88 mm
	Fragments (test for >100 microns)
	2 / 10 g
	Kanhai et al. 2019

	Arctic Central Basin – Alpha Ridge
	2212
	Abyssal plain - ridge
	Not specified
	clay-silt
	0.45
	Fragment (test for >100 microns)
	1 / 10 g
	Kanhai et al. 2019

	Arctic Central Basin – Nautilus Basin
	2872
	Abyssal plain
	Not specified
	clay-silt
	None present
	(test for >100 microns)
	0
	Kanhai et al. 2019

	Arctic Central Basin – Makarov Basin
	3066
	Abyssal plain
	Not specified
	clay-silt
	None present
	(test for >100 microns)
	0
	Kanhai et al. 2019

	Arctic Central Basin – Crest of Lomonosov Ridge
	1269
	Abyssal plain - ridge
	Not specified
	clay-silt
	1.03
	Fragment (test for >100 microns)
	1 / 10 g
	Kanhai et al. 2019
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Grain size: si-Im. Sedimentary structures:
plane-parallel and ripple-cross lamination
throughout, normally-graded.
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Grain size: fine to medium. Sedimentary
structures: banding, dewatering
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Grain size: clay — f-m-c-vc. Sedimentary
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Structures include

evidence of plastic deformation,
including folding and often overturned
beds.
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with thrust planes, sheared bedding
contacts, extensional and compressional
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typically within mudstones.

Competence-related deposition
and tractional working by low
density turbidity current (Lowe,
1982; Hiscott, 1994).

Deposition from a high density
turbidity current (sensu Lowe,
1982).

Deposition from flows with
characteristics of turbidity
currents and debris flows
(Haughton et al., 2003; Talling,
2004; Haughton et al., 2009).

Deposition from debris flows
‘where matrix strength is the
main particle support
mechanism (Lowe, 1982; Sohn,
1997).

Gravitational instability of un-
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downslope for a limited distance
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retain original structures.

Gravitational instability of
unlithified sediments which
move downslope as a coherent
mass, retaining internal
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Plastics at bed top and
vulnerable to erosion in
channelised settings.

Microplastics distributed
throughout bed and prone to
erosion at bed tops.

Plastics concentrated at bed tops
and within mud-rich internal
divisions (transitional/debritic
flow components). Typical in
distal environments and less
prone to erosion.

Little if any density stratification
of particles, so plastics
distributed throughout bed.
tend to be deposited in
topographic lows

Slumps and slides contain the
material they begin with but are
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Grain size: si-g. Sedimentary structures:
weak irregular stratification, erosional
remnants, lenticular, clean but with mud-
clasts, anomolously coarse, sharp base and
top.

Grain size: si-f. Sedimentary structures:
plane-parallel and ripple-cross lamination,
mud draped foresets and laminae, variable
grading, internal erosion surfaces,
bioturbated.

Grain size: c-si. Sedimentary structures:
plane-parallel and low angle dipping
lamination, may be entirely bioturbated,
or lack bioturbation.

Winnowed tractional deposit
formed at the base of a channel,
scour or bedform trough
typically by the passage of
multiple flows leaving their
coarsest material behind.

Deep water sediment gravity
flow silts and sands reworked by
tractional currents attributed

to bottom currents
(thermohaline flows)

Deep water sediment gravity
flow clays and silts, and
hemipelagite, reworked by quasi
continuous thermohaline
circulation (bottom currents)
(e.g. Stow & Faugéres, 2008)

Larger plastics may be trapped
within basal lag deposits and
would be prone to erosion and
downslope reworking.

May act to concentrate fine
microplastics and in particular
microfibres, but as present very
poorly-understood.

May act to concentrate fine
microplastics and in particular
microfibres, and redistribute
across the global seafloor





