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Abstract 16 

Plastic pollution affects all oceans and sequestration of plastics in sediments is considered its 17 

ultimate sink. We report evidence of macroplastic burial retrieved within a sediment core 18 

collected at 38 m depth at the mouth of the Mazzarrà River, a torrential river able to carry a 19 

large amount of sediment during seasonal flash-floods. Two macroplastic items were found at 20 

68 and 255 cm below the core top (corresponding to the seafloor). Their association with 21 

terrestrial vegetal debris and their inclusion in decimetre-thick sandy/silty intervals showing 22 

coarsening- and fining-upward trends, suggest that they were deposited by hyperpycnal flows 23 

possibly triggered by flood events. These findings testify the potential of sedimentary flows in 24 

burying macroplastic at depth below the seafloor, especially in nearshore prodelta 25 

environments. Furthermore they raise the quest on the magnitude of macroplastic storage in 26 

the subsurface and on the lack of specific devices and strategies for their reckoning. 27 

 28 

Keywords: Litter pollution, plastic, sediment core, hyperpycnal flows, prodelta  29 

 30 

Litter contamination of oceans is a global problem of growing concern, causing 31 

deleterious impacts on the environment and its ecosystems (Barnes et al., 2009; Gall & 32 

Thompson, 2015; Rochman et al., 2016), with negative consequences also on human health 33 
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and the social economy (Haward, 2018; Beaumont et al., 2019). Litter found in the oceans 34 

consists of a great variety of materials, ranging in size from macro (>0.5 cm) to microparticles 35 

(<0.5 cm); among marine litter, plastic waste predominates, accounting for 60–80% of marine 36 

litter worldwide (Derraik, 2002). Plastic pollution currently affects every environmental 37 

compartment, from the sea surface to the seafloor and biota throughout the water column, and 38 

from coastal waters to abyssal depths of all oceans (Pham et al., 2014; Van Sebille et al., 2015; 39 

Law, 2017; Peng et al., 2020).  40 

The threat that plastic poses to the marine ecosystems has become increasingly evident 41 

(Gall & Thompson, 2015; Werner et al., 2016) and amplified by the prediction of growing 42 

trends of plastic production and input to the sea in the next future (Borrelle et al., 2020; Galgani 43 

et al., 2021). Nevertheless, the extent, magnitude and distribution of this pollution are far from 44 

being fully understood. This is especially true for the effects on the seafloor and on near 45 

subsurface sediments, which have received far less attention to date with respect to other 46 

environmental compartments (Canals et al., 2021). Even though the seafloor has been 47 

recognized as a main accumulation area for anthropogenic debris (Woodall et al., 2014; 48 

Koelmans et al., 2017; Kane & Clare, 2019), and sequestration of plastic in sediments is the 49 

ultimate long-term sink of this contaminant (Van Cauwenberghe et al., 2015; Peng et al., 2020), 50 

the flux of sinking plastic and the physical controls on its distribution and burial remain poorly 51 

known (Kane et al., 2020; Pohl et al., 2020; Martin et al., 2021).  52 

Sedimentary and oceanographic processes can transport and deposit large amounts of 53 

litter in pathways that are driven by the specific geological features of the modern marine 54 

environments. The interplay of depositional and erosional processes in these environments 55 

controls the distribution and fate of sediment and anthropogenic material therein included, from 56 

the near-shore to the deep sea (Pham et al., 2014; Pierdomenico et al., 2019; Harris, 2020; Kane 57 

et al., 2020).  58 

Submarine deltas are transitional environments, connecting terrestrial and marine 59 

environment in coastal settings characterized by high land-to-sea sediment transport, such as 60 

vegetation-rich habitats and coastal flood plains. Depending on the interactions between fluvial 61 

and marine processes, these coastal environments can be characterized by high sedimentation 62 

rates, which make them naturally prone to trap and bury anthropogenic debris, as revealed by 63 

reports of microplastics contamination in sub-seafloor sediments (i.e. Costa et al., 2011; Willis 64 

et al., 2017; Martin et al., 2020).  65 

In this work, we document the presence of deeply buried macroplastics in prodelta 66 

deposits at the mouth of the Mazzarrà River (Fig. 1), a steep mountainous river flowing into 67 



the Tyrrhenian Sea in the Gulf of Patti (NE Sicily). The peculiarity of our finding consists in 68 

being two macroplastic items found at different depth intervals within a single sediment core. 69 

The core was part of a sampling survey aimed at investigating sedimentary processes over the 70 

Mazzarrà prodelta, and it was collected using a 1-Ton Kullenberg gravity corer, 10 cm in 71 

diameter, during the 2016 oceanographic cruise “EPICA”, onboard the R/V Minerva Uno of 72 

the Italian National Research Council.  73 

The Mazzarrà River is a “fiumara”, a type of river draining the southern Apennines, 74 

where coastal plains are reduced in extent (Sorriso Valvo & Terranova, 2006). Such local name 75 

indicates short and steep gravel-bed rivers characterized by a torrential regime, with long 76 

periods of inactivity alternating with short intervals of intense water discharge, frequently 77 

resulting in flash flood events during the winter seasons (Sabato & Tropeano, 2004). During 78 

these events, the concentration of sediment and debris released at the river mouth is such that 79 

hyperpycnal flows can be triggered (Casalbore et al., 2011).  80 

The Mazzarrà prodelta extends over a shelf sector of about 15 km2 and is characterized 81 

by widespread erosional and depositional bedforms, consisting of cross-shelf gullies and 82 

“dune-like" seafloor undulations, respectively. These bedforms extend from the inner-middle 83 

shelf to the shelf edge and slope, where the gullies increase in depth and width (Fig. 1). These 84 

bedforms have been interpreted as a geomorphic evidence of hyperpycnal flows descending 85 

throughout the inner-middle shelf prodelta area, at times also reaching the larger gullies 86 

indenting the shelf edge (Casalbore et al., 2017; Clementucci et al. 2022).  87 

The sediment core containing the plastic items is 3 m long (Fig. 2) and was retrieved at 88 

38 m water depth within a 100 m wide and 3 m deep prodelta channel aligned with the mouth 89 

of the Mazzarrà River (Fig. 1c, Channel A), about 800 m away. 90 

The core was cut lengthwise using a core slicer, to provide two semi-circular sections. 91 

The visual inspection of the core revealed the unexpected occurrence of two macroplastic 92 

debris at 68 and 255 cm below the top of the core (btc), corresponding to the seafloor (Fig. 2). 93 

The shallower one is a fragment of a “pasta” packaging bag; the other is an undefined semi-94 

circular object (Figs. 3a-b), for which a Fourier transform infrared (FTIR) spectroscopy has 95 

revealed an ethylene-propylene composition, typical of a synthetic rubber. The macroplastic 96 

items were embedded in sandy or silty sand sediment with other terrestrial vegetal macro-97 

debris, which reoccur in another sandy interval at 111 cm btc (Fig. 3c).  98 

According with the scope of the survey and coring, after removing the plastic items, 99 

sedimentary structures were described, and sediment samples for grain size analysis were 100 

collected every 10 cm along the core. The grain size analysis (Fig. 2 and Table 1) was 101 



performed using the Sympatec Helos laser diffraction particle size analyser for the fine-grained 102 

fraction (from 0.5 to 62 μm) and dry sieving for the coarse-grained fraction (>62 μm). 103 

Classification of sediment grain-size was based on the Udden-Wentworth scale (Wentworth, 104 

1922); the descriptive statistics parameters of grain-size distribution (mean, standard deviation, 105 

skewness, kurtosis) were calculated using the Folk and Ward (1957) formulas, while the 106 

Shepard diagram (Shepard, 1954) was used to classify sediment according to the percentage of 107 

sand, silt and clay within the samples. 108 

Grain size analysis indicates an overall silt-sand sediment composition. Specifically, the 109 

core shows intervals of moderate to poorly sorted silty sand or sand (>45% and up to 91% of 110 

sand, respectively), forming laminated centimetres- to decimetres-thick beds, alternating with 111 

fine-grained intervals composed of poorly sorted sandy silt (<45% of sand) and clayey silt (Fig. 112 

2 and Table 1). Some sparse gravels (up to 6.6%) are also found in the thicker sandy beds (Fig. 113 

2). Sharp erosional surfaces often mark the base of sand layers (the best examples occur at 73 114 

and 93 cm btc), except for a few cases where they are recognizable within the same interval, 115 

such as at 28 and 273 cm btc. 116 

The D50 values (blue lines in Fig. 2) within sandy layers generally show coarsening-117 

upward (CU) trends (i.e., ca. 290-220, 180-170, 160-120, 90-60 cm btc), alternated with fining-118 

upward (FU) trends throughout the core which are commonly topped by fine-grained deposits 119 

(i.e., ca. 180-200, 105-95 btc). Only the uppermost 50 cm of the core show a departure from 120 

this trend, showing low and overall homogenous D50 values apart from two small intervals 121 

(Fig. 2). The occurrence of coupled CU and FU trends in a prodeltaic environment, is usually 122 

interpreted as an indication of deposition during the waxing and waning period of river 123 

discharge, respectively, evidencing alternate phases of increasing and decreasing velocity of 124 

hyperpycnal flows (Mulder et al., 2003; Khripounoff et al. 2012; Zavala & Pan 2018). The 125 

finer-grained levels can be interpreted as the final stage of flow deposition or as due to the 126 

successive hemipelagic sedimentation (Budillon et al., 2005). 127 

Therefore, we interpret the reiteration of such sedimentary sequences as the depositional 128 

units associated with flash-floods generated hyperpycnal flows. Such events are likely to occur 129 

in front of river mouths (Mulder et al., 2003; Zavala, 2018) and are frequently influenced by 130 

seasonal (winter) rainstorms in the Mediterranean region (Budillon et al., 2005; Lobo et al., 131 

2015).  132 

In general, the core witnesses at least three high energy events (grey box in Fig. 2), recording 133 

a rather slow increase and a rather sharp decrease of flow velocity. However, our analysis does 134 

not allow to unambiguously associate these coarse-grained intervals to three distinct 135 



hyperpycnal flows, or to different pulses within the same flood event. All the above considered, 136 

the occurrence of the plastic items in these intervals along with terrestrial vegetal debris (Fig. 137 

2) supports their deposition as part of river-borne hyperpycnal flow(s), thus suggesting their 138 

terrestrial provenance. 139 

Furthermore, plastics are found either in the sandy silt basal portion or in the sandy top 140 

portion of the flood events. Based on their size and density, their hydraulic behaviour within a 141 

sedimentary flow could be compared with that of mud clasts occurring in hyperpycnal and 142 

turbidity deposits; these usually float within the flow and move upwards during the transport 143 

until the sedimentary load is deposited (Mutti & Nilsen, 1981; Shanmugam, 2010). Therefore, 144 

the presence of plastics at different levels within the CU trends would reflect their final position 145 

at the time of flow deposition.  146 

The capacity of the denser basal layers of gravity flows to carry material with different size, 147 

shape and density is renowned (e.g., Paull et al., 2018), allowing low-density plastic waste to 148 

be transported both as part of the suspended upper layer of a gravity flow and as traction load 149 

(Kane & Clare, 2019; Zhong & Peng, 2021). To date, sediment flow-related litter has been 150 

mainly documented through visual observations along submarine canyons, where turbidity 151 

currents are capable of transporting substantial amounts of macroplastic and large-size litter 152 

over large distances, from land down to deep-sea areas (i.e., Schilling et al., 2013; Tubau et al., 153 

2015; Pierdomenico et al., 2019, 2020; Zhong & Peng, 2021). In these settings, visual 154 

observations through ROVs allowed an overall assessment of the litter dispersed on the 155 

seafloor, although partially buried items are frequently reported. The accidental finding of 156 

macroplastic items within a sediment core documents the less frequent case (perhaps because 157 

more difficult to detect) of deep burial (> 2 m below seafloor) of macroplastic items by 158 

hyperpycnal flows in nearshore and high-supply environments, as prodelta environments. 159 

Here, burial and trapping of plastics is favoured by the efficiency of rivers as conveyer and 160 

transporting agents of litter (Rech et al., 2014), combined with the high sedimentation rates 161 

during single flood events.  162 

The depth of 255 cm at which the synthetic rubber was found, combined with the 163 

inference that its industrial production started no earlier than the 1960s (Geyer, 2020), points 164 

at a local sedimentation rate ≥4.25 m per century. This sedimentation rate is at more than twice 165 

the average sedimentation rates inferred in similar deltaic settings based on longer-term 166 

records, typically in the range of 1–2 m per century (Mulder et al., 2003). The marked departure 167 

from common average values can be explained by considering that: a) sedimentation rates are 168 

estimated on a short time interval; b) the core site is very close to the source of the sediments 169 



where the thickness of single-event deposit is greater; c) the core site is within a channel, where 170 

sediment may infill depression and/or it can be sourced by small-scale mass-wasting along the 171 

flanks. In addition, these types of rivers are known to deliver huge amounts of sediments during 172 

each single flood event (Sorriso-Valvo & Terranova, 2006). 173 

Finally, whereas two macroplastic items only may look like “two drops in the ocean”, it 174 

is worth pointing out that they were unveiled despite the very limited and punctual detection 175 

potential of a 10 cm wide corer, after retrieving only one core from the prodelta channel. 176 

Because sampling a macroplastic item with such limitations is a highly improbable event, it 177 

may be surmised that the concentration of anthropic debris in this area could be noticeable. The 178 

question thus arises of how relevant is, at diverse scales, the role of direct riverine input as a 179 

main agent of marine litter (Rech et al., 2014; Jambeck et al., 2015). 180 

Previous attempts to estimate the distribution of global riverine emissions of plastic into 181 

the ocean claimed that the 10 largest discharging rivers contribute up to the 94% of the total 182 

river emissions (Lebreton et al., 2017; Schmidt et al., 2017). However, besides the magnitude 183 

of river discharge also the spatial distribution of plastic waste leaking points, as well as 184 

climatological, geographical and demographical differences impinging river basins, deserve 185 

consideration. In this view, our results are in line with growing evidence that global plastic 186 

emissions are more widely distributed over a greater number of rivers than previously thought. 187 

In particular, the underestimation of plastic emission resulting from the overlooking of small 188 

urban rivers with reduced discharge, yet heavily polluted (Meijer et al., 2021), may indicate a 189 

worser scenario for the global plastic pollution issue.  190 

The small Mazzarrà River is one of the many short and steep rivers draining densely 191 

settled coastal areas of Italy and other Mediterranean countries, capable of carrying large 192 

amounts of debris, potentially encompassing plastic and land-based litter, to the sea, especially 193 

during flash-floods (Pierdomenico et al., 2019, 2020; Schirinzi et al., 2020). In the study area, 194 

these events are dominant in the building and shaping of the prodelta deposit (Casalbore et al., 195 

2017; Clementucci et al 2022). The reconstruction of sedimentary processes suggests that 196 

riverine sediments can be delivered directly to the outer shelf and continental slope, or can 197 

accumulate temporarily on the prodelta, where they can be later remobilized and transported 198 

offshore either by riverine or oceanographic processes (Casalbore et al., 2017; Clementucci et 199 

al., 2022). Particularly, seafloor erosion associated with hyperpycnal flows provides an 200 

efficient mechanism by which any sunk debris (including macroplastics) can be potentially 201 

resumed and transported downslope after a period of storage in the subsurface. As in other 202 

Mediterranean continental margins, the shelf edge and upper slope in the study area are cut by 203 



submarine gullies and canyons of variable extent  (Casalbore et al., 2020), capable of 204 

intercepting and conveying sedimentary fluxes (including those transporting plastic and litter) 205 

into the deeper sink areas downslope. 206 

Assessing the burial of plastic beneath the seafloor is an emerging research topic, though 207 

mainly focused on microplastics sedimentation, due to their pervasive inclusion within 208 

sediment sampled worldwide (Martin et al., 2021 and references therein). On the other hand, 209 

our results show how the detection of buried macroplastic is only accidental in the lack of 210 

conventional subsurface sampling devices that can be efficiently re-adapted for this purpose, 211 

thus allowing the elaboration of surveying and sampling strategies for assessing the 212 

sequestration of macroplastic within sediments. Optical methods and bottom trawling, the most 213 

common tools used to study seafloor macrolitter (Canals et al., 2021), can only unveil the items 214 

lying on the seafloor. In this view, our inference that the improbable detection with inadequate 215 

(coring) devices is a possible indicator of anomalously high concentration of buried 216 

macroplastics, may address the attention towards similar findings elsewhere, and hopefully 217 

foster efforts for building effective research methods and instruments. 218 

From the fortuity of our finding also descends that the core, collected and handled with 219 

other finalities in mind than the plastic issue, was not treated in order to prevent contamination, 220 

such as those related to the opening of the PVC core liner, the use of plastic tools for sampling 221 

and the lack of a controlled clean laboratory environment (Belontz & Corcoran, 2021; Hidalgo-222 

Ruz et al., 2012). Therefore, any subsequent analysis aimed at evaluating the microplastic 223 

content in the sediment was precluded. 224 

However, considering the unexpected detection of the macroplastic items, it seems fair 225 

to assume also as likely some degree of microplastic contamination. This inference is in 226 

accordance with the observation that microplastics are efficiently flushed from rivers during 227 

flooding (Hurley et al., 2018); in addition, flume experiments evidence that they can be 228 

transported and buried by gravity-driven sedimentary fluxes (Pohl et al., 2020). Furthermore, 229 

in prodeltaic settings the sinking of microplastics would be facilitated by the mixing of fresh 230 

and salty water (Simon-Sánchez et al., 2019).  231 

Buried plastics have the potential for developing severe environmental consequences, 232 

since the rates at which plastic weathering proceeds beneath the seafloor can be significantly 233 

slower compared to other environments (Gregory & Andrady, 2003; Costa et al., 2011). The 234 

accumulation of plastic debris within sediments can inhibit gas exchange in pore waters 235 

(Goldberg, 1997) and plastics fragments can adsorb the organic and inorganic pollutants that 236 

naturally concentrate in the sediments (Hartmann et al., 2017).  237 



In conclusion, this work, though limited to a small area and based on an accidental 238 

finding in a single core, documents the occurrence of plastic contamination down to 2.5 meter 239 

below the seafloor. This evidence confirms the primary role of rivers as main sources of plastic 240 

input at sea, that can be rapidly buried during flood events, especially in proximity to the 241 

sediment sources. More in general, these results provide evidence of how the potential for 242 

plastic burial has likely been underestimated in studies aiming at evaluating the impact of 243 

plastic pollution in the marine environment. .  244 

The source-to-sink approach applied in sedimentological research can help to elucidate 245 

land-to-sea transport and burial dynamics, aimed at identifying the sources and pathways by 246 

which plastics are mobilized and moved throughout natural habitats they may severely impact, 247 

including those in which they are ultimately sequestered (Kane & Fildani, 2021). 248 

The reckoning of the multitude and variety of sedimentary systems potentially prone to 249 

act as temporary or final sinks for mismanaged plastics, is crucial for understanding their rate 250 

of sequestration and remobilisation dynamics. Insights from this geological processes-based 251 

approach may help improve mass balance models and developing future plastic pollution 252 

scenarios, also considering the predicted ever-increasing production trends and input at sea in 253 

the forthcoming years. 254 
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Tables  480 

Table 1. Grain-size characters of sediment samples collected along the studied core.  481 

CORE EPC15 - Length 300 cm - Depth 38 m - Location 38°8.83'N - 15°7.88'E 

Sub-sample 

Sampling 

site 

 (cm below 

the core top) 

% 

Gravel 

% 

Sand 

% 

Silt 

% 

Clay 

D50 

(µm) 

Mean 

Grain 

size 

(µm) 

Udden-

Wentworth 

class 

Sorting Skewness Kurtosis 

EPC 15_2   2-3 0.06 22.7 66.07 11.17 24.86 21.34 medium silt 1.77 0.24 0.88 

EPC 15_10  10-11 0.04 18.61 70.11 11.24 23.85 20.47 medium silt 1.74 0.23 0.93 

EPC 15_20  20-21 0 39.32 52.8 7.88 47.37 33.26 coarse silt 1.62 0.51 1.07 

EPC 15_30  30-31 0 20.34 64.94 14.72 20.05 17.95 medium silt 1.89 0.16 0.84 

EPC 15_40  40-41 0 45.23 45.46 9.31 49.72 32.35 coarse silt 1.85 0.5 0.87 

EPC 15_50  50-51 0 18.72 68.16 13.12 20.76 18.71 medium silt 1.86 0.14 0.92 

EPC 15_60  60-61 0.36 83.19 12.7 3.75 105.84 96.72 very fine sand 1.15 0.46 2.97 

EPC 15_70  70-71 0.29 84.35 12.52 2.84 108.82 102.95 very fine sand 1.08 0.37 2.77 

EPC 15_80  80-81 0.32 60.94 30.73 8.01 74.84 43.28 coarse silt 1.82 0.65 1 

EPC 15_90  90-91 0.07 59.2 35.03 5.7 69.35 46.39 coarse silt 1.54 0.6 1.3 

EPC 15_100 100-101 0.04 14.92 67.97 17.07 13.7 14.28 fine silt 1.91 -0.03 0.96 

EPC 15_110 110-111 0 80.16 16.85 2.99 85.97 80.21 very fine sand 1.09 0.38 2.45 

EPC 15_120 120-121 0 91.1 7.27 1.63 133.97 135.84 fine sand 1.04 0.16 1.79 

EPC 15_130 130-131 0 86.77 10.79 2.44 85.97 86.57 very fine sand 0.8 0.27 2.76 

EPC 15_140 140-141 6.58 77.47 13.48 2.47 93.43 100.13 very fine sand 1.74 -0.23 4.45 

EPC 15_150 150-151 0.02 84.32 13.53 2.13 89.62 89 very fine sand 0.85 0.27 2.42 

EPC 15_160 160-161 0.04 17.81 70.93 11.22 24.86 20.76 medium silt 1.73 0.26 0.94 

EPC 15_170 170-171 0 90.12 7.89 1.99 126.74 120.74 very fine sand 0.91 0.36 2.14 

EPC 15_180 180-181 0 25.58 58.98 15.44 21.79 18.71 medium silt 1.96 0.18 0.76 

EPC 15_190 190-191 0 32.05 60.03 7.92 41.52 31.03 coarse silt 1.61 0.44 1.06 

EPC 15_200 200-201 0.06 25.6 60.92 13.42 24.86 20.76 medium silt 1.91 0.24 0.82 

EPC 15_210 210-211 0.05 83.84 12.82 3.29 104.39 100.13 very fine sand 1.14 0.33 2.94 

EPC 15_220 220-221 0 91.03 7.22 1.75 137.74 137.74 fine sand 0.94 0.27 1.94 

EPC 15_230 230-231 0 77.02 18.27 4.71 98.07 72.8 very fine sand 1.54 0.53 2.41 

EPC 15_240 240-241 0.24 75.95 18.8 5.01 92.78 72.29 very fine sand 1.58 0.46 2.44 

EPC 15_250 250-251 0.35 69.8 24.99 4.86 74.84 39.28 coarse silt 1.53 0.43 2.49 

EPC 15_255 255-256 1.23 47.51 40.43 10.83 58.72 57.51 coarse silt 2.36 0.32 0.91 

EPC 15_260 260-261 0.03 69.72 25.38 4.87 75.36 56.72 coarse silt 1.41 0.55 2.24 

EPC 15_270 270-271 0.06 51.1 40.96 7.88 62.93 37.16 coarse silt 1.69 0.65 1.09 

EPC 15_280 280-281 0 54.78 40.06 5.16 64.7 44.81 coarse silt 1.4 0.62 1.62 

EPC 15_290 290-291 0.04 23.69 66.09 10.18 29.77 23.68 medium silt 1.73 0.32 0.94 

EPC 15_299 299-300 0 31.05 56.6 12.35 29.77 23.04 medium silt 1.89 0.31 0.85 
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Figures 488 

 489 

Figure 1. a) Shaded relief map of the prodelta offshore the Mazzarrà Fiumara showing the 490 

location of the core analysed in this study (red dot). b) Geographic location of the study area, 491 

showing the morphology of the continental margin and the subaerial drainage network, 492 

indicated by the blue lines; the bold dark blue line indicates the Mazzarrà Fiumara. c) 3D view 493 

from North of the upper reach of the channel facing the fiumara mouth where the core was 494 

collected. 495 



 496 

Figure 2. Photographs, description and grain size of the sediment core containing the two 497 

macroplastic debris (red stars). Location of terrestrial vegetal material and of samples for grain-498 

size analysis is also shown. Sediment was classified by the Shepard diagram and the Udden-499 

Wentworth grain-size scale (vf-very fine; f-fine; m-medium; c-coarse). The grey rectangles 500 

indicate the three depositional units associated with hyperpycnal flows and constituted by 501 

coupled CU and FU trends, topped by fine grained deposits. 502 



 503 

Figure 3. Plastic items (a-b) and terrestrial vegetal macro-debris (c) recovered in the studied 504 

core. 505 


