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Abstract 

Whilst Sediment Profile Imaging (SPI) is a very widely used technique in the regulatory 

assessment of seabed environmental health, and in the study of seafloor sediment-biology 

interactions, the potential for SPI images to be used in a geochemical context has not been 

rigorously assessed.  Here we have examined relationships between colour and geochemistry 

in a sediment core collected from the Celtic Sea, North West European Shelf, that was 

digitally imaged and on which  detailed geochemical analyses were also performed. Average 

oxygen penetration depth was 4.08 ± 0.72 mm, (n=5), whilst the apparent redox potential 

discontinuity (aRPD) as determined by sediment colour change was at 78 mm. As iron 

(oxyhydr)oxides decreased with depth, black sulfide phases increased, and the aRPD most 

closely correlated with this geochemical change rather than the oxygen penetration depth. 

Colour analysis of the image showed a clear correlation of brightness with black FeS (acid 
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volatile sulfide). There was a general correlation of iron oxide phases with orange colour in 

the upper part of the sediment profile, whilst.in the lower part of the core the orange oxide 

phases appeared to be obscured by the black FeS present. The sulfide-brightness relationship 

indicates colour analysis can provide an estimate of FeS, and potentially the carrying capacity 

for toxic metals such as cadmium, zinc and copper as sulfides in this type of sediment. 

Additionally, detailed geochemical analyses of SPI cores may provide new insights into the 

activity and impacts of infauna and the link with sediment biogeochemical cycles of carbon 

and nutrients.  

    

1. Introduction 

 

The development of the in situ sediment profile imaging (SPI) technique  has provided a 

powerful tool for rapid spatial assessment of biological activity in surface sediments (Rhoads 

and Cande, 1971).   The SPI approach is now widely used for assessing environmental 

quality parameters (Germano et al., 2011; Solan et al., 2003) in general and also in relation to 

national and international standards. These applications are based on data from the images 

being used with current conceptual models of sediment-organism relationships  

 

An important parameter first derived from the SPI images in the 1970s was a redox potential 

discontinuity (RPD) corresponding to colour changes and assumed variations in 

geochemistry (Fenchel, 1969; Vismann, 1991).   However, the RPD subsequently became 

synonymous with biological mixing depth on the premise that the colour transition was 

biologically mediated.  The RPD was then used in gauging the ecological health within 

successional models, and was subsequently used in the derived indices of Benthic Habitat 

Quality (Rosenberg et al., 2004) and the Organism-Sediment Index (Rhoads and Germano, 
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1986).   Whilst microbial communities associated with burrow structures do appear to be 

linked to availability of oxidants (Bertics and Ziebis, 2009), little other data supports a strong 

link between macro organism mixing depth and the RPD. The realisation of this limitation 

led to the use of “apparent RPD” to describe the colour transitions seen. As measurements of 

the redox potential, or in situ oxygen and other redox variables such as iron or nitrate, are not 

possible with current SPI technology, it has been assumed that reddish-brown sediment 

colour tones are indicative of sediments in an oxidative geochemical state, and that the 

sediment porewaters are not intensely reducing. The  rigorous interpretation of the aRPD in 

relation to oxidising conditions thus remains difficult (Gerwing et al., 2015), and despite the 

effort expended in obtaining these images only limited work has been done on exploring the 

potential to use such images for geochemical investigations (Grizzle and Penniman, 1991; 

Teal et al., 2009), and then largely on solute phases of sediment chemistry rather than the 

particulate components which may contribute the bulk of the colour observed .   

 

A direct approach to providing improved metal biogeochemical data used chemical sensors 

incorporated into the SPI system (Teal et al., 2013; Teal et al., 2009).  The diffusive gradients 

in thin films (DGT) technique applied provides fluxes of dissolved Fe and Mn from sediment 

to the collection gel.  Whilst useful data on time integrated liberation of dissolved Fe and Mn 

in the sediment matrix is provided, as the measurements are done in situ it is not possible to 

relate fluxes to the oxygen penetration depth, or porewater and solid phase composition. 

 

Here we have taken the novel approach of collecting a core that was digitally imaged and 

also geochemically analysed by a wide range of techniques to provide data on porewater and 

solid phase parameters.  This approach allows a direct comparison of image and sediment 

geochemistry at this shelf site, and provides a rigorous basis for assessing the potential of 
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using SPI images in a geochemical context. Additionally the geochemical signatures can 

provide insights into linked biogeochemical cycles and biological processes occurring 

(Bertics and Ziebis, 2009). 

 

2. Methods 

 

The work was carried out within the framework of the NERC funded Shelf Sea 

Biogeochemistry Programme.  A NIOZ box corer was used at cohesive Site A (sandy mud, 

                      8 0     W) within the Celtic Sea, UK (Thompson et al., 2017) in August 

2015. The NIOZ collected sediment was sub-sampled using a modified 10 cm diameter core 

tube (Figure 1a) in which a flat sheet of transparent polymethyl methacrylate replaced part of 

the tube wall.  The flat face allowed a digital image to be taken under laboratory lighting 

using a Canon G15 camera (12.1 megapixel CMOS detector) of a cross section of the core 

(Figure 1b; see supplementary material for a high-resolution [637 × 2577 pixels, 300dpi] 

image file). A standard colour card (Digital Kolor Kard  from digitalimageflow.com) was 

photographed at the same time for scale and colour inter-comparison.   

Figure 1.  a) Modified core tube. Original tube size 10 cm diameter by 60 cm long) b).  

Colour image of core, showing depth scale and reference colour card used. 
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a)  

b)  

 

The aRPD was determined following a published procedure (Solan et al., 2004). Here the 

image is analysed using the open access Image-J programme, in which the image is broken 

down into RGB colours, the red channel chosen and the range of intensities selected to best 

highlight the colour change associated with the aRPD.  

A detailed description of most sampling and analytical techniques used is provided elsewhere 

(Klar et al., 2017) and only an overview is given here, except for those techniques not 

covered in the Klar et al. paper. The strategy was to choose analytes that indicate the redox 

state of the core, and solid phases that would impact colour (thus for example iron 

(oxyhydr)oxides would be expected to be an orange colour and initially formed under 

oxidising conditions, whilst FeS is black and is indicative of typically reducing conditions). 
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Replicate dissolved oxygen profiles across the core surface were collected behind the flat 

wall of the core tube before any subsampling was done. A Unisense Clark type electrode with 

a 100µm tip was used, and data on oxygen was obtained at typically 200µm depth intervals 

across the benthic interface and into the sediment. With core top water removed, porewaters 

were extracted from the sediment core at typically 1 to 2 cm depth intervals using Rhizon 

samplers (Seeberg-Elverfeldt et al., 2005) that prevent oxygen contamination of the collected 

porewaters (c.f. Klar et al. 2017). After porewater extraction and filtration, the residual 

sediment was sliced using a polycarbonate sheet at 0.5, 1 and 2 cm depth-intervals, and 

stored at -20° C in zip-lock bags prior to further analyses.   

The concentrations of Fe(II), and Fe(II) plus Fe(III) (i.e. after addition of a reducing agent), 

were determined in the dissolved (<0.15 µm) size fractions of porewater samples using the 

Fe(II)-complexing ferrozine ligand (Sigma-Aldrich) (Stookey, 1970; Viollier et al., 2000). In 

order to examine associations of Fe and Mn with solid sediment phases, firstly an ascorbic 

acid leach (Raiswell et al., 2010) was used to extract the easily reducible oxide phases, such 

as amorphous ferrihydrite, but not the more crystalline oxide phases. A further citrate 

dithionite reducing leach was then applied to each sample to remove more crystalline Fe 

oxide phases including haematite and goethite (Poulton and Canfield, 2005; Raiswell et al., 

1994). The total dissolution of non-leached freeze dried and ground sediment samples used a 

mixture of hydrofluoric, nitric and hydrochloric acids in PFA containers on a hotplate. Fe and 

Mn in the leach solutions were determined using an inductively coupled plasma optical 

emission spectrometer (ICP-OES, iCAP6000 Series, Thermo Scientific). Nutrient 

concentrations in sediment porewaters were all analysed on board using a Bran and Luebbe 

segmented flow colorimetric auto-analyser (Woodward and Rees, 2001). Particulate organic 

carbon (POC) and nitrogen (PON) were determined using a Carlo-Erba CHNOS analyser 

(Nieuwenhuize et al., 1994).  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In order to determine the major mineral phases present X-ray diffraction analysis of 

the sediment was done using a PANalytical X'Pert pro diffractometer machine fitted 

with a Cu X-ray tube. The machine operating conditions were 35kV, 40mA utilising 

automatic slits and a step size of 0.02º 2 at 1 second/ step. The samples were 

prepared as randomly oriented powder samples with an internal standard of 25% by 

weight of corundum and side-loaded to avoid preferred orientation. Precision values 

for the samples are approximately ±0.5-2% for crystalline materials and ±10-20% (of 

the amount present) for total clay. Scanning electron microscope work used a Carl 

Zeiss LEO1450VP Scanning Electron Microscope (SEM) fitted with an Oxford 

Instruments EDS system, and an X-Act Silicon Drift Detector (10mm
2
 area) using the 

AZtec Energy software system (v.3.1).  

  

Acid volatile sulfide (AVS) and pyrite (PY) were determined in the sediment following the 

approach of Canfield et al. (1986) using a sequential acid (6M HCl) reflux, and then acidified 

chromous chloride reflux, to convert the solid phase sulfides to hydrogen sulfide that is 

collected as silver sulfide (Ag2S) in a silver nitrate solution.  The two sulfide pools in the 

sediment are calculated after gravimetric measurement of the Ag2S formed from the known 

mass of sediment added. 

 

Analysis of the core colour was based on the iron (oxyhydr)oxides appearing in the red- 

orange part of the spectrum (haematite and ferrihydrite are red-orange, goethite is orange) 

and iron mono-sulfides (FeS; AVS) being black and impacting image brightness. Colour 

analysis was done using the open access ImageJ suite (Fiji implementation).  In order to 

compare brightness with measured AVS concentrations, the image was first converted to a 

hue-saturation-brightness (HSB) stack, and the brightness layer examined. Brightness values 
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were read off at 5 points across the image at the sampled depth, and averaged to provide a 

value to plot against AVS. For the iron (oxyhydr)oxide phases, the zone in the image 

corresponding to the geochemical analysis was selected and the colour threshold selected to 

correspond to orange values. Digital values of 20-37 bracketing the orange range (circa 590-

620 nm) were chosen and pixels in this range were picked out on the image. The image was 

then analysed for the fraction of pixels that corresponded to the orange range. The fractions 

were then compared to the corresponding iron (oxyhydr)oxide data.  

 

3. Results and Discussion 

 

3.1 Bulk composition 

Site A is a very poorly sorted, very fine skewed, mesokurtic, very coarse silt, classified 

according to the Folk classification scheme as a sandy mud; see Thompson et al. (2017) for 

further detail. Major components of the sediment matrix are shown in Figure 2.  

 

Figure 2.  Bulk mineralogy of the core at discrete depths. 
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Dominant mineral phases are carbonates (primarily aragonite and calcite), quartz, illite, and 

feldspar; changes in these components with depth are small. The carbonate fractions are 

expected to come from two sources. Firstly, eroded Cretaceous carbonaceous rocks would 

have been transported here during the last Ice Age when the major river system running 

through what is now the English Channel deposited a fraction of its particle load.  Secondly, 

carbonate will have been generated by the ubiquitous shelled organisms amongst the benthos 

living within the surface sediments. The independent particulate inorganic carbon data is in 

reasonable agreement with the XRD data (averages of 36.5 and 30.6% respectively).  

Particulate organic carbon (average 1.05%; see supplementary material) is a small component 

of the total carbon in this matrix, and remains fairly constant with depth except for a small 

increase towards the surface. The quartz, feldspar and illite are products of lithogenic erosion 

and weathering. 

 

3.2 Redox status of the core 

 

In accordance with the accepted general diagenetic sequence of terminal electron acceptors 

(Burdige, 2006) oxygen and then nitrate rapidly disappear in the upper few mm of the core. 

Measured oxygen penetration depths (4.08 ± 0.72 mm, n=5) are more than an order of 

magnitude shallower than the aRPD (78 mm). Further degradation of organic carbon is 

expected to sequentially use Mn and Fe oxides and then sulfate as electron acceptors. Mn 

oxides can be important electron sinks when present at high enough concentrations 

(Thamdrup et al., 1994). However, in this core average total Mn (297 µg/g) is only 2.1 % of 

average total Fe (14110 µg/g ) on a mass/mass basis, and the reducible Mn oxides (dithionite 

released) are at low concentrations relative to the equivalent Fe oxide phases (127 c.f.  2027 

µg/g). Thus iron (oxyhydr)oxides are expected to be the most important electron acceptors.  
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Porewater dissolved Fe(II) (dFe(II)) follows the trends expected with very low concentrations 

near surface, where iron oxidation is possible, increasing down to about 6 cm, followed by 

high and relatively constant dFe(II) concentrations deeper in the core (Figure 3a).  

 

Figure 3 a) Dissolved (<0.15 µm) Fe, b) ascorbic acid and dithionite leachable Fe, c) Mn 

total, ascorbic and dithionite leaches. 
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Isotope data demonstrates that this dFe(II) is predominantly derived from bacterial 

dissimilatory iron reduction (DIR) (Klar et al., 2017). A further route for formation of FeII in 

solution is the reaction between HS
‾
 and iron oxides (see below). Porewater nutrients follow 
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anticipated patterns with nitrate rapidly disappearing in surface sediments, followed by an 

increase in ammonium, phosphate and dissolved silicon with depth (see supplementary 

material).  

 

3.3 Solid metal phases within the sediment core 

 

Total Fe and Mn in sediments (averages 1.41 % and 306 µg/g respectively) are low relative 

to continental crustal values of 5.13% for Fe and 852 µg/g for Mn (Albarede, 2003). This 

reflects dilution with illite (variable Fe content but nominally 1.43%), carbonate (normally 

regarded as a relatively pure diluent in analysis of geological matrices), and quartz. Quartz 

typically has low concentrations of trace metals and most Fe associated with the mineral is as 

oxide coatings. Any coatings would be released through the dithionite-citrate leaching 

techniques applied here (see below).  

 

Leachable Fe falls into two groups:   

1) The ascorbic fraction that is reported to correspond primarily with amorphous ferrihydrite 

phases (Raiswell et al., 2010), remains relatively constant throughout the sampled core 

(average 274 µg/g, Figure 3b). This constancy is at first sight surprising as one would expect 

this geochemically reactive oxide phases to be rapidly reduced in the oxygen deficient zone 

beneath the surface few mm. In another core from this site (Klar et al., 2017) an increase in 

ascorbic Fe was noted just below the surface in the oxidised layer, reflecting precipitation of 

dissolved Fe diffusing upward, whilst average deeper concentrations were similar to those 

found here, demonstrating consistency at depth between cores. This low but consistent 

concentration of ascorbic leachable Fe throughout the core most probably reflects a 
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combination of primary ferrihydrite and iron that has been reduced at the surface of Fe 

oxides, but not yet released to solution (Poulton, 2003).  

2) The dithionite-citrate reagent applied after the ascorbic leach will remove the more 

crystalline oxide phases including goethite and haematite (Poulton and Canfield, 2005; 

Raiswell et al., 2010). These phases are present at concentrations about an order of magnitude 

higher than that of the ferrihydrite (Figure 3b).  The amorphous phases are expected to be the 

most geochemically reactive, and unless reduced they are expected to gradually reorder their 

structures to more crystalline forms. The other important Fe bearing non-lithogenic mineral 

phases in sediments are sulfides.  

 

Bacterial sulphate reduction is reported for a range of similar temperate shelf and coastal 

environments when oxygen and other more energetically favourable terminal electron 

receptors are not available (Teal et al., 2009; Thamdrup et al., 1994), but the expected 

resulting dissolved sulfide was not detected at any of the sampled depths of a core taken at 

the same site (Klar et al., 2017). In this system any dissolved sulphide will rapidly react with 

both reduced FeII and reactive iron oxides to generate FeS that gives the black colour in 

reducing sediments (Bull and Williamson, 2001),  and so dissolved sulfide will be consumed 

immediately after formation. Additional fates for HS
‾
 include release of oxidised S species 

(Burdige, 2006), and mineralisation with any chalcophilic trace metals (e.g. Cd, Cu, Hg, Pb, 

Zn). The FeS transforms further to the more stable pyrite (FeS2), which is the major long 

term sink for S in sediments (Burdige, 2006). In this core AVS (principally FeS) and pyrite 

are present at low concentrations (Figure 4).   
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Figure 4. Iron sulfide phases in the core. 

 

 

Both sulfide phases gradually increase with depth, with the biggest increase occurring below 

the aRPD, and throughout the pyrite concentrations are an order of magnitude higher than the 

corresponding AVS values (Figure 4). Other intermediary Fe-S compounds exist that are only 

partially dissolved during our AVS treatment (greigite, Fe3S4), but these generally occur at 

much lower concentrations than FeS and pyrite. Pyrite is typically found in framboidal or 

euhedral forms as shown in the SEM image in Figure 5. 
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Figure 5.  SEM-image of sediment at 8-10 cm in the core showing pyrite framboidal crystals 

(bottom) and EDS analysis of polygonal zone (top) shown in the SEM, confirming 

composition as FeS2 (maximum width of polygon is 5µm). 

 

 

The amorphous Fe(oxyhydr)oxides formed by upwards diffusion of FeII and precipitation on 

reaching oxygen containing porewaters, will be a highly reactive phase with which the HS‾ 

can react rapidly (Canfield et al., 1992; Poulton et al., 2004). Additionally organic rich 
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microniches can be sites of intensive redox reactions (Lehto et al., 2017).  Therefore, the 

surface few mm of sediment can be an important formation site for FeS and FeS2, consistent 

with the higher AVS and PY concentrations at the surface of this core (Figure 4). In addition 

to in situ formation, bioturbation may also transfer pyrite from deeper in the sediment to 

surface layers.  The crystalline Fe oxides found deeper in the sediments will react more 

slowly with HS
‾
 (Poulton et al., 2004) and HS

‾
 production is typically slower here than in 

surface layers (Teal et al., 2009), which may lead to accumulation of HS
‾
, but at depths 

greater than those studied here. The relatively low concentrations of solid sulfide phases and 

the presence of iron (oxyhydr)oxides at depth in the core indicate this sediment is reactive 

iron, rather than sulfur, dominated. In sediments where organic carbon supply is greater, and 

sulphate reduction is enhanced, greater concentrations of sulfides would be expected 

(Devereux et al., 2015).  

 

Leachable Mn phases increase gradually above the aRPD (Figure 3c). The reagents with 

strongest reducing action (dithionite) released most Mn, and constituted on average 41.3% of 

the total values. These Mn reducible forms are therefore an important fraction of the total Mn 

present. The increase in these fractions above the aRPD is consistent with trapping of 

dissolved Mn as the more oxic surface conditions are approached, and downward biological 

mixing of surface formed Mn oxides (Thamdrup et al., 1994).  

 

3.4 Linking solid phases and processes within the core to colour  

 

The pure forms of the major constituents in the core (carbonate, illite, quartz) have no 

significant colour in the visible spectrum, and therefore act as a white “canvas” against which 

the colour from minor mineral components can be more readily seen. Sands that are 
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predominantly quartz may have a reddish hue due to surface Fe oxides that will be removed 

by the analytical procedures used here, and will thus be observed in the oxide fraction.   

 

The main coloured minerals expected in this sediment matrix are iron (oxyhydr)oxides, and 

iron sulfides. The primary black coloured sulfide phase is expected to be an amorphous 

mono-sulfide that gives the colour to hydrothermal “black smokers”, and this mineral will be 

measured by the AVS technique. Although pyrite is more abundant than the AVS liberated 

sulfides, its colour is typically a muted gold, and can be found in framboidal crystalline forms 

(Figure 5). The main concentration changes for these minerals are around the aRPD depth at 

7.8 cm (Figure 4). Above this depth, the dithionite Fe phases (expected to be mainly goethite 

and haematite) increase by ~27% to the surface whilst below, pyrite and AVS increase by 

~25%.  

 

In order to link these geochemical observations with core colour requires an appropriate 

methodological approach. The most useful starting point was the work of Bull and 

Williamson (2001) who investigated correlations between “amorphous” iron oxides and acid 

volatile sulfur and colour properties on core samples collected from an estuarine system; 

image analysis was used to generate colour intensity and colour saturation to compare, 

respectively, to AVS and iron (oxyhydr)oxide concentrations. The underlying rationale was 

to provide an image-based estimate of the binding capacity of the sediment for toxic metals 

such as Cu and Zn. Indeed, the need for such innovations that may improve the quantification 

of metal source-sink relationships in marine sediments has been identified (Homoky et al., 

2016).  A related image analysis approach was taken here.  
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When brightness is plotted against AVS (Figure 6), a reasonable negative correlation is seen, 

despite the shelf core having a smaller range of intensity values than the estuarine core of 

Bull and Williamson (2001). The surface-most sample that has relatively high values for both 

AVS and pyrite appears an outlier (perhaps because of highly reactive forms of iron 

(oxyhydr)oxides present in this surface layer, and the higher concentration of organic carbon 

fuelling sulfate reduction) and is not included in the main correlation shown. However, the 

data does indicate that in this sediment type an estimate of AVS should be possible from SPI 

images. 

 

Figure 6. Acid volatile sulfur relative to core HSB brightness.  Dotted lines are 95% 

confidence limits. Surface point omitted as appears an outlier. 

 

 

For the iron (oxyhydr)oxides (dithionite-citrate leach) there is a modest correlation with the 

fraction of an image identified as orange in the zone above the aRPD (Figure 7). Below the 

aRPD there is no observable orange colour, presumably reflecting the formation of FeS at the 
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surface of oxides that obscures their colour.  The relationship of leachable Fe with colour will 

depend on: 1) mineralogy of oxide phases with intermediate and mixed forms showing 

different orange colours, 2) the colour chosen for the image analysis (there was a shift to a 

more yellow colour with depth) and 3) any overlap of phases released by the leach technique. 

Given these limitations it is unsurprising that only a weak correlation was observed. 

However, the general trends in colour relative to the Fe phases measured in the upper part of 

the core, are clear (Figure 7).   

 

Figure 7. a) Fraction of image in orange band and Fe dithionite leach data, with depth; b) 

correlation of orange fraction with dithionite leachable Fe in the zone above the aRPD. 
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The colour of complex mixtures of mineral phases is difficult to anticipate, but here where it 

is assumed that only two main coloured phases are present some success is achieved. Many 

sediment types are more complex, e.g. increased concentrations of sulfide phases caused by 

higher organic carbon content, and Mn rich systems where Mn oxides will impact colour. 

The illite here is relatively colourless but, reduced Fe incorporated into montomorillonite is 

reported to impart a green colour in reducing zones of open ocean sediments (Lyle, 1983), 

and if montmorillonite is present it may complicate interpretation. 
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A variety of factors in addition to those directly impacting colour may complicate 

interpretation in other shelf and coastal systems. Frequently, more complex structure than in 

the core discussed here may be seen, with, for example, localised zones of organic matter 

decomposition leading to intense carbon turnover that generates a halo effect of compressed 

redox zones. This zone is often visually manifested as a black colouration resulting from 

sulfate reduction and production of iron sulfide phases. Burrow structures that penetrate into 

reducing sediments and transport oxygen can also produce compressed redox features in their 

walls (Forster and Graf, 1992). Additionally, physical disturbances, including tidal mixing 

and trawling can perturb sediment structure and redox zones. However, the general concept 

of colour reflecting changes in the relative importance of the main coloured mineral phases 

within the sediment should still apply, even under these conditions where heterogeneity of 

the colour zones is increased. 

 

4. Conclusions  

 

The aRPD in the SPI image represents a significant visible change in the concentrations of 

the iron (oxyhydr)oxides and iron sulfide phases in the core, as has been shown by detailed 

analyses of the core solid phases and pore waters. Whilst both oxides and sulfur phases are 

present throughout the measured core depths the decrease in one and increase in the other 

leads to the net change in colour around the aRPD. It is important to note that in the shelf 

sediments studied here there is no obvious correlation between oxygen penetration and 

aRPD, and caution is needed in attempting to correlate colour changes with the depth to 

which oxygen penetrates (Gerwing et al., 2015).    
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The aRPD is a key component of the metrics that are increasingly used in, or under 

consideration for, management frameworks to assess seabed environmental health.   These 

multi-metric indices include the OSI or Organism Sediment Index (Rhoads and Germano, 

1986) and BHQ or Benthic Habitat Quality index (Nilsson and Rosenberg, 1997) and they or 

derivatives are finding use in, for example, the EU Water Framework Directive and Marine 

Strategy Framework Directive (Borja et al., 2008). The work reported here will help 

understand the aRPD so that its variability within these metrics or if used alone (Teal et al., 

2010), and its relevance to biological communities, biogeochemical cycles and benthic 

ecosystem health will be better understood. Indeed, whilst the uncertainty around the nature 

of the aRPD remains, caution should be applied in using indices derived from it across 

regions where variability in factors impacting the aRPD are not fully understood.  As 

Germano et al. recommended (2011) combining aRPD with other parameters in multivariate 

analyses might be a more appropriate approach.   Further biogeochemical ground-truthing of 

the aRPD in other types of sedimentary systems with different sediment fabric, particle sizes 

and biological communities will inform and potentially extend its use further. It seems that 

the aRPD alone is something of a blunt tool for assessing ecosystem health and combination 

with other parameters  is an important way ahead. 

 

The correlation between AVS and SPI image colour may prove useful if estimates of 

sediment carrying capacity for toxic metals, e.g. Cu and Zn, and potentially other chalcophile 

elements,  can be obtained from SPI spatial mapping within disposal sites.  More work on the 

relative stability constants of these heavy metal sulfides and their formation in such 

sedimentary systems will be needed in this application. For more detailed geochemical 

interpretation of routine SPI images, development and application of new sensors and devices 

attached to SPI during deployment (e.g. oxygen penetration depth, pH, Fe/Mn, S), are needed 
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so that the range of parameters  used in the assessment of seabed health can be extended. 
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Supplementary Material 

1. TIFF high resolution version of core image  

2. Data table (Excel spreadsheet) 

Highlights 

Sediment Profile Image directly linked to geochemical analyses 

Colour of image related to iron phases in this core 

Apparent Redox Potential Discontinuity (aRPD) not coincident with oxygen disappearance 

Caution needed in use of aRPD in benthic sediment quality assessment indices 

 




