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Abstract. Southern Ocean primary productivity is often limited by the availability of the essential micronutrient iron (Fe), 

and sediment-derived fluxes of Fe from the Antarctic shelf have been linked with hotspots of productivity. Glacial meltwater 

along the West Antarctic Peninsula delivers significant volumes of Fe-rich glacially weathered material to shelf surface 

sediments. The mechanisms that supply a bioavailable flux of Fe from shelf sediments are not well understood. This study 20 

simulated the resuspension of oxic sediments in the nearshore glaciated West Antarctic Peninsula across King George Island, 

Anvers Island, and Adelaide Island. Glaciomarine surface sediments were rich in highly reactive Fe (2 – 9 mg Fe g-1), and 

onboard mesocosm resuspensions produced a sustained bottom water enrichment in dissolved Fe of 4 – 12 nM over the 48h 

experiment duration. 

Additional acoustic doppler current profiler and acoustic backscatter turbidity data indicate ongoing resuspension of 25 

sediment in the region. Our observations support a flux of highly reactive Fe of 5 - 20 µmol cm-2 per sediment by 

resuspension within the glaciated fjords studied, exceeding recent outer shelf estimates of 0.7 µmol cm-2. Reactive oxic 

nearshore sediments therefore represent an important supply of colloidal and reactive particulate Fe to the Antarctic shelf 

water column, the export of which can potentially supply bioavailable Fe to Fe-limited Southern Ocean waters. 

1 Introduction 30 

Iron (Fe) is an essential micronutrient for primary producers, yet availability is generally low in the surface ocean, and 

seasonal Fe limitation of primary production is observed globally, including across much of the Southern Ocean (Browning 

& Moore, 2023; Liu & Millero, 2002; Von Der Heyden et al., 2014). Therefore, Fe availability is a bottom-up driver of food 
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web productivity and carbon cycling, and is a key modulator of climate both in the present day and over glacial-interglacial 

timescales (Martin, 1990). 35 

Dissolved Fe (dFe) can be operationally defined as soluble Fe (< 0.02 µm) and colloidal/nanoparticulate (0.02 – 0.2 µm) Fe 

(sFe and cFe, respectively). Soluble (or truly dissolved) Fe is the most bioavailable form, but is rapidly oxidised to Fe(III) 

and precipitated unless stabilised by organic colloids (Lam et al., 2012), although this oxidation rate can be slowed in cold 

environments (e.g. Dold et al., 2013). The colloidal Fe phase (~0.02 – 0.2 µm) typically accounts for half or more of marine 

dFe, as ligand-bound Fe, or nanoparticles of ferrihydrite, goethite, and other Fe (oxyhydr)oxides, ranging in solubility and 40 

bioavailability (Kunde et al., 2019; Raiswell & Canfield, 2012). 

Glaciers and ice sheets in high latitude environments deliver high volumes of sediment enriched in reactive or bioavailable 

Fe, and other bioactive elements to the continental shelf (Ardelan et al., 2010; Chinni et al., 2026; Ebner et al., 2026; 

Hawkings et al., 2017; Hawkings et al., 2014; Laufer-Meiser et al., 2021). Glacial meltwater comprises a significant, 

potentially bioavailable, (nano)particulate Fe component (Fourquez et al., 2023; Hawkings et al., 2014; Jones et al., 2025; 45 

Monien et al., 2017; Schroth et al., 2009; Zhang et al., 2015), or a bioavailable reduced Fe (Fe(II)) component (Chinni et al., 

2026; Dold et al., 2013). Hawkings et al. (2014) estimate global bioavailable Fe fluxes from glacial runoff of 0.4 – 2.54 Tg 

yr-1 and 0.06 – 0.17 Tg yr-1 from Greenland and Antarctica, respectively.  

During the melt season, sediment-laden meltwater plumes spread across fjords and bays, delivering material to the seafloor 

according to particle properties and the hydrodynamic regime (Meslard et al., 2018). Glacially-derived particulate and 50 

colloidal Fe may therefore may significantly influence the bioavailable Fe supply to polar shelf sediments and accelerating 

melt rates across the high latitudes are expected to alter the delivery of terrestrial Fe to the ocean. 

High latitude continental shelves supply an important benthic input of Fe to the water column (Elrod et al., 2004), evidenced 

by sediment-derived Fe enrichment in shelf waters (Sherrell et al., 2018; Tonnard et al., 2020), and by direct measurements 

of benthic Fe mobilisation (Burdige & Christensen, 2022). However, the magnitude, distribution, and pathways of shelf-55 

derived benthic Fe fluxes remain poorly constrained, particularly in remote regions such as the Antarctic (De Jong et al., 

2012; Monien et al., 2014; Sherrell et al., 2018). 

Sediment resuspension occurs through hydrodynamic forcing; internal waves, ocean eddies, tides and currents act to 

resuspend particles above the sediment-water interface (De Jonge & Van Beuselom, 1992; Gargett et al., 2004). In the 

northern WAP, strong winds drive vertical mixing, and sediment tracers show vigorous benthic exchange at Marian Cove, 60 

transporting suspended particles and sediment-derived solutes into bottom waters (Jones et al., 2023; Meredith et al., 2018; 

Schloss et al., 1997). Bown et al. (2018) show that turbidity increases in the deeper layers with proximity to the coast, from 

the WAP shelf to Ryder Bay (near the Sheldon Cove sediment core site) and Scott et al. (2021) show wind-driven reversals 

of bottom water flow directions in Ryder Bay over an 8-day period, inducing across-shelf exchange and mixing of water 

masses. 65 

Through resuspension, nutrients such as Fe can be released to the water column. Upwelling or direct input to the mixed layer 

can make this Fe available to primary producers (De Jong et al., 2015; Nielsdóttir et al., 2012). Across the West Antarctic 
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Peninsula (WAP) shelf, the frequency, spatial influence, and persistence of sediment resuspension events remain poorly 

quantified. In glaciated fjords, sediment can re-enter the water column via turbulent mixing over glacial sills (Meredith et al., 

2022; Venables et al., 2013), or through entrainment of deep water and sediment by buoyant meltwater, as observed in Jones 70 

et al. (2023), both driven by meltwater-ambient water interactions.  

This study investigates the behaviour and reactivity of glaciomarine sediment Fe along the coastal West Antarctic Peninsula. 

Incubation experiments were conducted onboard the RRS James Clark Ross in January 2020 involved adding surface 

sediments to bottom waters from the same locations to quantify the reactive Fe release during sediment resuspension. We 

compare changes in dissolved and truly dissolved Fe with the solid phase and pore water properties of the added surface 75 

sediments. Combined with evidence of physical mixing of sediment at each site, we seek to quantify the release of reactive 

and dissolved Fe to the water column during resuspension of Antarctic glaciomarine coastal sediments. 

 

2 Physical setting 

Accelerating glacier retreat is observed across the WAP, driven by oceanic and atmospheric warming (Cook et al., 2016). In 80 

the south, warm incursions of modified Circumpolar Deep Water drive basal retreat of glacier grounding lines, contrasting 

with the north, where atmospheric temperatures drive surface ice shelf thinning and melting through surface runoff (Cook et 

al., 2016; Rignot et al., 2004).  
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Samples were collected onboard the RRS James Clark Ross during the JR19002 Icebergs 3 expedition (January 2020), from 

three glaciated island bays along the WAP coast: King George Island, Anvers Island, and Adelaide Island (Figure 1, Table 1) 85 

(Scourse et al., 2020). A subsection of the echosounder (EK80) data was collected during the RRS James Clark Ross 

JR18003 Icebergs 2 expedition (December 2017) to the same glaciated bays (Sands et al., 2019). In Sheldon Cove, Ryder 

Bay, Adelaide Island, sampling was conducted approximately 1 km from the marine-terminating Sheldon Glacier grounding 

line (site SC). Sampling at the central site, Börgen Bay, Anvers Island (site BB), was approximately 1.2 km from the marine-

Figure 1: a) Study location map of the West Antarctic Peninsula, annotated with the main influencing currents 
and study sites. Abbreviations MC stands for Marian Cove, BB for Börgen Bay, and SC for Sheldon Cove. 
Currents ASF = Antarctic Subpolar Front; APCC = Antarctic Peninsula Coastal Current; KGI is King George 
Island, ANV is Anvers Island, and ADL is Adelaide Island. Regional maps of b) Marian Cove, c) Börgen Bay 
and d) Sheldon Cove are presented with the coring sites annotated in pink, overlaying contemporaneous 
multibeam bathymetry data (e.g. Jones et al., 2023) and © Google Earth Satellite as basemap. 
Multibeam bathymetry data in b) – d) was collected during the sampling period (Retallick et al. 2021). 
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terminating William Glacier grounding line. The northernmost site (MC) was in Marian Cove, Maxwell Bay, King George 90 

Island, approximately 750 m from the land-terminating Fourcade Glacier grounding line. Study site location and sampling 

depth is provided in Table 1 and shown in Figure 1. Oceanographic properties of each site are published in Jones et al. 

(2023) and Scourse et al. (2022). 

Stable oxygen and radiogenic radium isotope data indicate that sediment-laden surface run-off and glacier melt from the 

coast is evident across these bays, with evidence of cross-shelf transport of glacially sourced material (Annett et al., 2017; 95 

Jones et al., 2025; Jones et al., 2023; Meredith et al., 2017). Estimates of sedimentation rates in these regions at the time of 

sampling are 0.5 cm yr-1, 0.17 cm yr-1, and 0.11 cm yr-1 in Marian Cove, Börgen Bay, and Sheldon Cove, respectively (James 

Scourse, personal comms.). 

 

 100 

 

3 Methods 

3.1 Sediment and seawater sampling at the West Antarctic Peninsula 

Sediment core samples were collected using core tubes mounted onto an Oktopus Multicorer (MUC), Oktopus GmbH. For 

sediment-water incubation experiments, pristine cores were selected based on a visually inspected undisturbed and 105 

horizontal sediment-bottom water interface, and > 10 cm of sediment. 

Sediment incubation water was collected from the CTD rosette, pooled from 3, 24 L Niskins fired at the same depth, ~10 - 

12 m above the seafloor. Seawater was collected into 20 L carboys (Nalgene), through 0.2 µm filter cartridges (AcroPak™ 

300 PTFE, Pall) to remove large biological material and particulate material. The filter and carboys were rinsed 3 times with 

~1 L of seawater prior to collection. All plasticware and tubing used to collect seawater was acid-cleaned with 10% HCl 110 

(ROMIL-SpA™). Carboys were kept in the dark and stored at 4 °C before and during the incubation. Bottom water at 

Börgen Bay was from approximately 770 m away from the coring site due to issues with core recovery, which is 

representative of overlying waters considering the proximity. The CTD rosette and Niskins used for bottom water collection 

were not trace metal clean, although handling was done with particle free gloves and minimal exposure to air to reduce 

potential contamination. 115 
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Table 1: Sample location and depth for seawater and sediment from the West Antarctic Peninsula 

Station Parameter 
Sheldon Cove, 

Adelaide Island 

Börgen Bay, 

Anvers Island 

Marian Cove, King 

George Island 

Water 

collection 

Latitude -67.5196 -64.7036 -62.2010 

Longitude -68.2487 -63.4522 -58.7343 

Bottom depth (m) 187 264 79 

Sample depth (m) 178 254 67 

Sediment 

collection 

Latitude -67.5190 -64.7071 -62.2014 

Longitude -68.2495 -63.4627 -58.7319 

Sample depth (m) 191 200 101 

 

3.2 Sediment and pore water sampling 120 

Sediment cores for pore water and solid phase parameters were collected from equivalent sites, as in 3.1. Cores collected 

were either sectioned for porosity analysis or sampled for pore waters using Rhizons (Seeberg‐Elverfeldt et al., 2005). 

Samples for porosity analysis were placed into Ziploc bags and frozen immediately at -20 °C. For pore waters, Rhizon 

samplers (Rhizosphere) of filter size ~0.18 µm were inserted through pre-drilled holes at 0.5 – 1 cm intervals down-core. An 

acid-clean 20 mL syringe was secured to the end of each Rhizon, and a block was inserted between syringe and plunger to 125 

apply and maintain suction. A small volume (< 1 mL) of initial filtrate was used to rinse the Rhizon and syringe. Separate 

cores were collected for nitrate and dissolved metals. For dissolved metal analysis, pore waters were collected into 15 mL 

LDPE Nalgene bottles and acidified with 1 µL mL-1 of HCl (ROMIL-UpA™). Nitrate samples were collected into HDPE 

Nalgene bottles and immediately frozen at -20 °C onboard.  

Separate cores were also collected for oxygen determination. Intact cores with no visible disturbance in the overlying water 130 

were selected for oxygen measurements. Cores were transported to a temperature-controlled laboratory at 4 °C and fitted 

with a Pyro Science FireSting O2-Mini sensor connected to a laptop with Oxygen Logger software. The probe was attached 

to a core lid to avoid atmosphere-water gas exchange and moved between the base and top of the core to take measurements. 

Ten to 20 consecutive measurements were made at every 0.5 cm in the sediment in two cores, which were averaged to 

calculate O2 concentrations (µmol L-1). The nitrate and oxygen data is presented in Friberg et al. (2026). 135 

 

3.3 Incubation experiment set-up 

For each station, three pristine cores of >10 cm were identified, and the top 0.5 cm of each core was collected. The sediment 

was mixed to homogenise the material, and then 25 – 30 mL of sediment was transferred into three carboys containing 
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corresponding bottom water. The fourth, non-sediment addition carboy represents the experiment control. Remaining 140 

sediment was immediately frozen at -20 °C. Carboy lids were kept loose to allow for atmosphere-water gas exchange to 

avoid reducing conditions during the incubation. One hour prior to subsampling, carboys were mixed vigorously for one 

minute to mimic energetic resuspension. 

3.3.1 Incubation sampling 

Samples for trace metal analysis were collected at the following time points: 0 (prior to), 1, 4, 12, 24, 36 and 48 h after 145 

sediment addition (T0, T1, T4, T12, T24, T36 and T48 hereafter) in-line, using acid-cleaned tubing and a peristaltic pump. 

LDPE Nalgene bottles were used for total dissolvable and soluble metals (60 mL) and for dissolved metals (125 mL), pre-

cleaned according to GEOTRACES protocols (Cutter et al., 2017). All sample bottles were rinsed three times with 

subsample before filling. For total dissolvable iron (TdFe) and manganese (TdMn), samples were collected unfiltered. 

Dissolved Fe (dFe) samples were collected similarly, with an added in-line filtration through an 0.2 µm AcroPak™ 300 150 

PTFE filter (Pall), rinsed with sample water. A sequential ultra-filtration step was performed to sample the soluble fraction 

(sFe, <0.02 µm). Detailed ultrafiltration methodology is given in the Supplementary Material. Filtered dFe subsamples were 

taken to a class-100 clean bubble built onboard the ship to perform ultra-filtration, following Ussher et al. (2010) and All dFe 

and sFe samples were acidified with 10N HCl (ROMIL-UpA™) to a pH of 1.8 for flow injection analysis; tdM samples were 

acidified with 10 N HCl (ROMIL-UpA™) to 1 mL L-1 for quantification using HR-ICP-MS. 155 

3.3.2 Determination of dissolved iron concentration 

The dFe and sFe concentrations were determined using Flow Injection – Chemiluminescence (FI-CL) (Bowie & Lohan, 

2009; Obata et al., 1993). Analysis was conducted inside a class-1000 clean air laboratory at the National Oceanography 

Centre, Southampton, UK. Iron concentration quantification was performed using standard addition to low Fe seawater. For 

Figure 2: Incubation experimental set-up. The top 0.5 cm of sediment was added to three replicates of 20 L, with 
one control carboy. Carboys were shaken an hour prior to every subsampling timepoint.  

7
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high Fe samples, a calibration curve of 0 – 200 nM or 0 – 20 nM was conducted. Sample precision was determined using 160 

certified reference material NASS-6 (National Research Council, Canada; 8.86 ± 0.82 nM) measuring 8.58 ± 0.43 nM (± 1 

s.d.) by standard addition, and internal standard DY021, measuring 1.14 ± 0.15 nM (n = 13) (± 1 s.d.) for repeat 

measurements, respectively. For low Fe samples, a calibration curve of 0 – 1 nM and 0 – 2 nM was conducted, with internal 

standards ZIPLOC I and ZIPLOC II measuring 0.38 ± 0.038 nM (n = 18) and 0.15 ± 0.02 nM (n = 7) for repeat 

measurements, respectively. Sample measurements with an uncertainty (1 s.d.) of > 5 % were discarded and repeated. 165 

Detailed methodology is given in the Supplementary Material. 

 

3.3.3 Determination of total dissolvable and pore water metals 

Incubation total dissolvable metals and pore water metals were analysed using a Thermo Scientific™ ELEMENT HR-ICP-

MS at the University of Southampton. Concentrations of Fe and manganese (Mn) were determined using a gravimetrically 170 

prepared multi-element standard, a five-point calibration curve and blanks. Samples and calibrants were diluted in 0.3 M 

distilled HNO3 under class-100 clean lab conditions. The limit of detection (3 × blank s.d.) for Fe was 0.084 µM, and for Mn 

was 0.244 µM. No reference material in seawater matrix was available with a concentration high enough to be within the 

targeted calibration range.  Sample precision was therefore validated using the river water SLRS-4 reference material for 

trace metals (National Research Council, Canada; Fe = 103 ± 5 µg L-1, Mn = 3.37 ± 0.18 µg L-1). 175 

 

3.4 Estimating incubation pore water concentrations 

Porosity was calculated as the difference between the total wet weight and total dry weight of sediment, assuming the density 

of seawater, density of salt-free sediment, and the density of salt were 1 g cm-2, 2.6 g cm-2, and 2.165 g cm-2 respectively. 

The salinity of the seawater was 31 PSU. The final volumes of water, sediment and salt were derived to find: 180 

Φ = 
௏ೢ ೌ೟೐ೝ

௏ೢ ೌ೟೐ೝା ௏ೞ೐೏ା ௏ೞೌ೗೟
 ×  100 

(1) 

It is possible to estimate the required pore water [dFe] concentration that would account for the observed maximum increase 

in [dFe] within the incubations. Using the measured sediment porosity (ø), the total pore water addition per L of bottom 

water (VPW) can be calculated as 185 

𝑉௉ௐ =  ∅ ×  
𝑉ௌ

𝑉ா

 

      (2) 
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Where VS is the total volume of sediment added, and VE is the total experiment volume. Using the maximum ∆dFe for each 

station as the addition of dFe, the pore water concentration required to account for the total increase in [dFe] ([dFe]P) can be 

calculated as: 190 

[𝑑𝐹𝑒]௉ =  
Δ𝑑𝐹𝑒 ×  𝑉ா   

𝑉ௌ × Φ
  

            (3) 

 

3.5 Sediment characteristics         

3.5.1 Sediment reactive iron extraction 195 

Sediment iron speciation was determined using a modified sequential extraction procedure (Poulton and Canfield, 2005). 

The procedure is designed to quantify the most reactive Fe oxide (Feox1), such as lepidocrocite or ferrihydrite; easily 

reducible Fe(II) (FeHCl) fractions, such as acid volatile iron monosulfides or unsulfidised Fe2+; and the less reactive Fe oxide 

fraction (Feox2). The surface sediments retained from sediment incubation experiments were left to thaw briefly, then 

weighed out into acid-clean 15 mL centrifuge tubes to approximately 60 mg dry weight equivalent and treated with 10 mL 200 

0.5 M HCl (ROMIL-SpA™). Samples were placed on a shaker table to react for 1 h before centrifugation at 4000 rpm for 4 

min. To measure the unsulfidised Fe(II) component (FeHCl), a total of 250 µL of sample supernatant was added to 10 mL of a 

0.05 M HEPES and 0.2 g L-1 ferrozine solution and left to react for 15 min (Viollier et al., 2000). The Fe(II) concentration of 

this solution was measured using a spectrophotometer set to 563 nm, against stock standard solutions (0 – 40 ppm). To 

measure the highly reactive Fe oxide fraction (Feox1), the remaining supernatant was retained for Inductively Coupled Plasma 205 

Optical Emission Spectroscopy (ICP-OES) analysis (see below).  

 

A second subsample of 250 mg dry weight equivalent wet sediment was weighed out and treated using a citrate-bicarbonate-

dithionite (CBD) extraction (Fisher et al., 2021). Each sample was treated with 13 mL of 0.11 M sodium bicarbonate 

(NaHCO3), and 0.27M trisodium citrate Na3C6H5O7·H2O and placed in a water bath at 80 ˚C for approximately 15 min. 210 

Sodium dithionite (0.25 g) was then dissolved in 2 mL of 0.11 M NaHCO3 and 0.27 M Na3C6H5O7·H2O and added to each 

sample. The solution was agitated and then heated at 80 ˚C for a further 15 min. Samples were centrifuged at 4000 rpm (10 

min) and the supernatant removed and acidified to pH < 2 using 12 N HCl (ROMIL-SpA™), to avoid precipitation of 

Fe(III). Samples were then filtered through 0.2 µm filters (PES, Acropak) and stored for ICP-OES analysis to find the total 

Feox2 component. This primarily solubilizes more crystalline, less reactive iron oxides such as goethite and hematite. Some 215 

magnetite and an Fe(III)-rich smectite clay (nontronite) may also be dissolved here (Poulton & Canfield, 2005). 

 

The supernatants from both extractions were diluted 70-fold in 2% HNO3 (twice distilled in-house in PTFE vessels) and 

analysed by inductively coupled plasma - optical emission spectrometry. Accuracy was validated against a standard 
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calibration using gravimetrically prepared standards of known concentration. Replicates were better than 9% (1 s.d.). All 220 

solid-phase extraction iron data are presented in the Supplementary Dataset. Across the three leaches, two out of three 

sediments were run in duplicate and the standard deviation for Fe concentration was < 10%. Method blanks measured < 20 

ppb or < 0.05 % of the mean Fe conc. 

 

 225 

3.5.2 Scanning Electron Microscopy of incubation sediments 

The mineralogical composition of sediments was analysed using Scanning Electron Microscopy - Electron Dispersive X-ray 

Spectroscopy (SEM-EDS). Briefly, samples were thawed and oven-dried, before being placed in resin and polished using 

diamond grinders to produce a flat smooth surface. The retained sediments samples (n=3) were studied using a Carl Zeiss 

Leo 1450VP SEM equipped with an Oxford Instruments X-Act 10 mm2 area SEM-Energy Dispersive Spectrometer. 230 

Samples were placed on the stage of the microscope under vacuum conditions of < 1x10-4 mbar to avoid electrical charging, 

and analysis was performed at a working distance of 12 – 13 mm, with a voltage of 15 kV. Resolution was approximately 1 

µm. The SEM-EDS was calibrated for energy calibration and beam measurement using a cobalt metal standard at 20 kV and 

a working distance of 15 mm. Chemical and morphological properties of the particles were determined by elemental maps of 

50 µm – 1000 µm size. Three maps of each site were created to ensure statistical significance of results. Total bulk elemental 235 

composition of each mapped area was determined using the Energy Dispersive Spectrometer and total element wt% is 

reported. Additionally, maps of individual elements and identified elemental phases were created using AZtec software. 

Element and phase weight percent are reported as the mean, unless stated otherwise. The specific density of each phase was 

approximated using the average specific density of the most common mineral form of each phase, obtained from the Mindat 

database (Mindat.org). This was then used to convert the phase abundance (% of pixels) to phase wt%. The SEM-EDS 240 

elemental data is available in the Supplementary Dataset. 

 

3.5.3 Water column suspended particulate material 

Water column suspended particulate matter (SPM) was sampled from the CTD rosette for bottom waters (~10 m from the 

seafloor). Sample water was collected into 5 L jerrycans for a maximum of 15 L at each depth. Seawater was filtered over 47 245 

mm 0.2 µm GF/F Whatman filters that were ashed and weighed prior to the cruise. Filters were washed with 200 mL Milli-Q 

water to remove salt, and frozen at -20 °C before analysis. Filters were weighed agaim, then furnaced at 450 °C to 

distinguish the organic content from the total SPM. Three replicates were taken per water sample with a weighing error of 

0.14 – 0.6 %, determined by process blanks. The standard deviation for SPM between sampled replicates ranged from 0.03 

to 3.77 mg L-1, with a median standard deviation of 0.38 mg L-1. For organic SPM, the standard deviation between replicates 250 

ranged from 0.01 to 0.66 mg L-1, with a median standard deviation of 0.08 mg L-1. 
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3.6 Water column velocity and echo sounder profiles 

Water current velocity and direction was measured using a 75 kHz Teledyne RDI Ocean Surveyor (OS75) VMADCP. Data 

was acquired using VmDas (v 1.42) and navigation data was taken from the Seatex GPS system. The VMADCP was 

deployed in narrowband mode with a surface blanking distance of 8 m. When waters were less than 500 m, bottom tracking 255 

was enabled and the bin size was set to 8 m, to increase resolution. The number of bins was set to 63. The standard deviation 

is 30 cm s-1 for 8 m bins. 

The EK80 wideband echo sounder was used to create images of acoustic backscatter in the water column. Three transducers 

were installed: a 38 kHz (1 ms pulse), 70 kHz (8 ms or 4 ms pulse) and 120 kHz (1 ms pulse) transducer. Data was collected 

mostly from the 70 kHz transducer, from 7 – 13 m depth from the surface, with a pulse duration of 8 or 4 ms in most cases. 260 

The EK80 was calibrated at the start of the cruise according to Demer et al. (2015). Data was processed and using the python 

module echopype (v0.10; (Lee et al., 2024)), where noise attenuation was done according to De Robertis and Higginbottom 

(2007). 

 

4. Results 265 

4.1 Pore water auxiliary parameters 

At all sites, bottom waters were well-oxygenated (O2 > 160 µM), and sediment pore waters were under oxic conditions at 0.5 

cm depth, ranging from 37 to 143 µM, with a measured oxygen penetration depth of 3 cm (Table 2). The nitrate penetration 

depth (where nitrate was < 1 µM) was 3 – 4 cm where measured. 

 270 

Table 2: Bottom water O2 concentrations, and oxygen/nitrate penetration depth in pore waters from all stations presented in this 
study. 

Station Bottom 

water O2 

Surface sediment 

O2 

Oxygen      penetration 

deptha 

Nitrate   penetration 

deptha,b 

 µM µM cm cm 

Sheldon Cove 181 37 3 3 

Börgen Bay 265 105c 3 n.m. 

Marian Cove 332 132 3 4 

aThese are defined as the depths below which the O2 concentration was < 3 µM and the nitrate concentration 

was < 1 µM, after Burdige and Christensen (2022).  
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bNitrate data is published in Friberg et al. (2026). 

cAt Börgen Bay, oxygen concentrations were taken from a core at a proximal site, ~3 km away.  

N.m. = not measured. 
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 275 

4.2 Iron behaviour during incubation experiments 

The control carboy [dFe] was 5.6 – 5.9 nM across the three site experiments. Initial conditions prior to sediment addition in 

treated carboys (T0) were 5.0 ± 0.8 nM, 3.2 ± 1.1 nM, and 5.5 ± 0.3 nM for Sheldon Cove, Börgen Bay, and Marian Cove, 

which is lower than, or within error of, the control T0 [dFe]. Despite collection methods not being trace metal clean, control 

concentrations were highly consistent and within the range of regional values at depth (Ardiningsih et al., 2021; Bown et al., 280 

2018; Sherrell et al., 2018), and so are likely representative of a background control. Henceforth we refer to the difference in 

[dFe] from the control and the mean spiked carboy [dFe] at individual timesteps as ∆dFe, and the equivalent for cFe (∆cFe) 

and sFe (∆sFe). 

Following sediment addition, [dFe] peaked at 1 h (T1) in all three WAP bays. Mean [dFe] at T1 were 74.6 ± 8.2 nM, 179.5 ± 

12.9 nM and 88.7 ± 11.8 nM at Sheldon Cove, Börgen Bay, and Marian Cove, respectively (Figure 3, Figure 4). A rapid 285 

decrease in [dFe] following the initial T1 peak is observed at all bays, and [dFe] appeared to stabilise at all sites within the 

experiment duration. Notably, beyond T12, the mean and individual carboy [dFe] at each bay exceed the control [dFe]. At 

both Börgen Bay and Marian Cove, ∆dFe concentrations after 48 h are +11 nM and +12 nM, respectively. At Sheldon Cove, 

the ∆dFe for T48 was +3.8 nM, with a mean [dFe] of 8.6 nM. For Marian Cove and Börgen Bay, the decay behaviour and 

endpoint ∆dFe suggest that ∆dFe will remain positive well beyond the elapsed experiment time. 290 

Figure 3: Evolution of [dFe] over time for sediment-water incubation experiments carried out at the West 
Antarctic Peninsula, for sediment and bottom waters collected from a) Sheldon Cove and b) Börgen Bay. 
Coloured dots represent the triplicate spiked carboys. Black diamonds are the control carboy [dFe], and the 
pink dotted lines represent the fitted exponential curves for the spiked carboys from T = 1. Error bars are 
plotted as ± 1 s.d. 
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At Marian Cove (WAP) sFe was also measured, facilitating the calculation of cFe as shown in Figure 4. The T0 [sFe] pre-

sediment addition was 5.85 ± 0.38 nM, and the control T0 [sFe] was 6.54 ± 0.15 nM, whilst the control [cFe] was ~0.2 nM. 

Soluble Fe concentrations peaked at T1 with a ∆sFe of +17.3 ± 4.2 nM and proceeded to decline rapidly with time. For T36 

Figure 4: Sediment-water incubation results from Marian Cove for a) measured [dFe] b) measured [sFe], c) measured 
[cFe], and d) the ratio of cFe to dFe in individual replicates from T = 1. Coloured dots represent the sediment-added 
carboys in triplicate. Black diamonds represent the control experiment. The dotted lines in a), b), and c) represent the 
fitted exponential curve for spiked carboy concentrations, from T = 1. 
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and T48, the ∆sFe was < 1 nM. Therefore, the majority of ∆dFe during the experiment was represented by the colloidal 

phase. At T0, cFe/dFe was 0, rising to 73% at T1, with a ∆cFe of 65.5 ± 12.3 nM following sediment addition (Figure 4). 295 

The cFe/dFe was lowest at T4 following sediment addition (41%) but rose to 72% with an endpoint [cFe] of 11.0 ± 1.7 nM. 

The cFe/dFe at Marian Cove did not exhibit large variability between replicates (< 0.05 s.d.). 

The ∆dFe (and ∆sFe, ∆cFe for Marian Cove) appeared to decrease exponentially with time. Exponential curves fitted to each 

dFe dataset had an r2 of > 0.95. The terms for these fits are provided in the Supplementary Material and are plotted on the 

corresponding Figure 3 and Figure 4. 300 

Prior to sediment addition and in control incubations, total dissolvable Fe (TdFe) and Mn (TdMn) were below instrument 

detection limit. Following sediment addition, T1 TdFe concentrations were > 60 µM, and taking the average of all replicate 

timesteps for each station, TdFe was 62 ± 17 µM, 94 ± 37 µM, and 101 ± 23 µM for Sheldon Cove, Börgen Bay, and Marian 

Cove, respectively (Figure 5). Iron and manganese behaviour with time for each site is summarised in Table 3. 

During experiments, dFe can be lost from solution due to adsorption onto the bottle walls, which was not investigated. 305 

Solubility studies indicate that up to 20 – 30 % of dFe can be lost to adsorption onto bottle walls for high concentration 

samples (i.e. dFe > 1 nM) (Schlosser et al., 2011), which could bias our results by underestimating the released dFe. To 

mimic the process of sediment resuspension we shook the carboys prior to sampling which could result in an overestimation 

of dFe release over the experiment. Some gentle shaking will also have been experienced by ship movement. This approach 

was determined as more representative of the natural system than not shaking the carboys, which would leave sediment to 310 

settle and separate from the overlying water column. Due to the required volume to extract 180 mL sample plus rinsing 

Figure 5: a) Total dissolvable iron concentrations and b) total dissolvable manganese concentrations for Sheldon Cove 
(SC), Börgen Bay (BB), and Marian Cove (MC) during sediment incubation experiments. 
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volume at each timepoint, the volume of carboy setup (20 L) was required, and provision of a shaker of the required size to 

agitate sediment constantly was not possible, but this is recognised as a limitation of the experiment. 

 

 315 

Table 3: Summary of sediment incubation experiment results for dissolved Fe phases at the WAP. 

Station Max ∆dFe T48 ∆dFe Max ∆cFe T48 ∆cFe Ctrl T48 
cFe/dFe 

T48 cFe/dFe 

Unit nM nM nM nM - - 

Sheldon Cove 69.0 ± 8.2 3.8 ± 1.8 - - - - 

Börgen Bay 175 ± 12.9 11.0 ± 0.9 - - - - 

Marian Cove 83.3 ± 11.8 11.9 ± 1.8 65.5 ± 12.3 11.0 ± 1.7  0.16 
0.72  ± 0.03 

 

 

4.3 Sediment pore water metal concentrations 

Sediment pore water concentrations for Fe and manganese (Mn) are given in Figure 6. At 0.25 cm, pore water Fe was 2.7 320 

µM at the Marian Cove site and 1.1 µM at the Sheldon Cove site and generally increased with depth. The highest overall 

pore water Fe was observed at Marian Cove, where Fe increased rapidly to 21 µM at 0.75 cm depth, and to a maximum of 

723 µM at 6 cm depth. Sheldon Cove pore water Fe was also high at shallow depths, peaking at 190 µM at 3.5 cm depth. 

Sampling difficulties limited sediment acquisition at Börgen Bay, and therefore this station is excluded. 
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Dissolved Mn between the two WAP sites were comparable. At Marian Cove, Mn ranged from 9.1 µM at 0.25 cm, to a peak 325 

of 45.6 µM at 4 cm depth, before moderately decreasing to 28.5 µM at 9 cm depth. Sheldon Cove surface Mn was lower, 

measuring 3.1 µM at 0.25 cm, but increased to 28.4 µM at 1.5 cm depth. 

 

4.4 Solid phase sediment mineralogy 

Solid phase elemental composition analysis on coretop (top 0.5 cm) material was conducted using Scanning Electron 330 

Microscopy, generally assuming an oxide composition of material. After oxygen, silicon (Si) was the most abundant element 

(32.0 – 36.6 wt %), followed by aluminium (Al, 9.3 – 11.2 wt %). Marian Cove Fe was highest (𝑥̅  ± 2𝜎 =  5.4  ± 1.0 wt 

%), followed by Börgen Bay (5.2 ± 0.2 wt %) and Sheldon Cove (4.0 ± 1.0 wt %). Based on estimates from Taylor and 

McLennan (1985), the sites exceeded the upper crustal mean Fe and Al content of 3.5 wt % and 7.6 wt %, respectively 

(Figure S1). Inter-site Fe and Al wt % exhibited a significant linear correlation (r2 = 0.83). The WAP sites had Fe/Al and 335 

Mn/Al ratios of 0.42 – 0.50 and 0.009 – 0.013, respectively. The abundance of Si and Al indicates a high component of 

silicates, such as sheet silicates and aluminosilicates within the sediments studied. 

 

Elemental phase analysis identified several common and trace phases across sediments, where elements are grouped together 

based on pixel clustering across the elemental map. The predominant phase at all three sites was rich in Si and Al and 340 

accounted for between 47 – 83 % of pixels (median = 75%). In this phase, Si and Al remained reasonably consistent: Si 

contributed 25.4 ± 0.2 wt% (Marian Cove), 26.5 ± 0.1 wt % (Börgen Bay) and 27.9 ± 0.6 wt% (Sheldon Cove), while Al 

contributed 12.1 ± 0.1 wt% (Marian Cove), 10.9 ± 0.01 wt% (Börgen Bay) and 10.6 ± 0.8 wt% (Sheldon Cove). This phase 

Figure 6: Pore water Fe and Mn profiles for sediment cores from the WAP for a-b) Marian Cove and Sheldon 
Cove (c-d). 
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also tended to contain Fe (1.5 – 5.1 wt%), as well as a consistent measurable component of Na, Mg, S, Cl, K, Ca, Ti and Mn 

at concentrations comparable with crustal values (Wedepohl, 1995). 345 

4.5 Leached reactive iron 

The absolute contents of highly reactive iron, Feox1, in surface sediments were 38 ± 0.8 µmol g-1, 165 ± 15.3 µmol g-1, and 94 

± 0.9 µmol g-1 for SC, BB and MC, respectively, representing 0.2 – 0.8 wt%, or 5 - 17 % of the total Fe. The content of less 

reactive Fe oxides (Fedi) was 15.9 ± 1.4 µmol g-1, 48.6, and 126.3 ± 23.9 µmol g-1 for SC, BB and MC, respectively, 

representing 0.1 - 0.7 wt%. These two Fe oxide fractions combined are 0.3, 0.8 and 1.6 wt % for SC, BB, and MC 350 

respectively, or 8 – 29 % of the total Fe, determined by SEM-EDS. The total easily reducible Fe, Fe(II)HCl, at each site was 

0.006, 0.008 and 0.015 wt% for SC, BB and MC, respectively, or 0.1 – 0.3% of the total Fe. These values are summarised in 

Table 5. 

 

4.6 Suspended particulate material 355 

Suspended particulate material in the bottom water samples ranged from 1.43 – 1.84 mg L-1 in Marian Cove (𝑥̅ = 1.60 ±

 0.27 mg L-1), 1.00 – 5.68 mg L-1 in Börgen Bay (𝑥̅ = 1.84 ±  1.36 mg L-1), and 2.69 – 3.79 mg L-1 in Sheldon Cove (𝑥̅ =

2.90 ±  0.45 mg L-1). Organic SPM ranged from 0.28 – 0.33 mg L-1 in Marian Cove (𝑥̅ = 0.29 ±  0.03 mg L-1), 0.19 – 1.22 

mg L-1 in Börgen Bay (𝑥̅ = 0.22 ±  0.03 mg L-1), and 0.57 – 0.75 mg L-1 (𝑥̅ = 0.58 ±  0.13 mg L-1) in Sheldon Cove. 

Sheldon Cove therefore had the highest mean suspended particulate material, non-organic suspended material, and organic 360 

suspended material. Few studies have measured SPM in bottom waters along the WAP coast. Domack et al. (1994) found 

that the background SPM in Brialmont Cove (Hughes Bay, Graham Land, West Antarctic Peninsula) was 0.8 – 1.0 mg L-1. 

Furthermore, Leventer and Dunbar (1985) found that SPM in the Bransfield Strait is usually less than 1 mg L-1 in surface 

waters. We therefore suggest that SPM values of > 1 mg L-1 are above background. We note that SPM samples were not 

targeted based on sediment plumes, as determined by EK80/acoustic data, and therefore sediment resuspension signals were 365 

not necessarily sampled. However, applying the total Feox1 measured in the coretop sediment to the corresponding overlying 

water SPM for each site, assuming the two materials are the same, gives an Feox1 in the suspended particles of 214 - 301 

nmol L-1 for MC, 43.0 - 287 nmol L-1 for BB, and 87.7 - 120 nmol L-1 for SC. 

 

4.7 Velocity profiles/EK80 acoustic data at the West Antarctic Peninsula 370 

The EK80 acoustic backscatter transects, and current velocity/direction data are shown in Figure 7 and Supplementary 

Figure S3 and S4. The dark shading of intense backscatter at the bottom of the EK80 profiles represents the bay bathymetry. 

Coherent aggregation of volume backscattering strength (Sv) exceeding -80 dB re 1 m-1 in the surface mixed layer is 

attributed to biology, such as krill swarms. Elevated backscatter near to bathymetric changes is interpreted as sediment 
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plumes generated by seabed resuspension, forming plume-like structures that originate at bathymetric highs and extend 375 

laterally, rapidly detaching from the seabed and exhibiting limited vertical extent with diffuse, filamentous morphology, 

distinct from the more compact and internally coherent structure of biological aggregations. In Börgen Bay and Marian Cove 

particularly, this is evident as significantly increased backscatter proximal to bathymetric highs, with turbulence and particle 

mixing forming a plume-like structures that are most prominent down-current, in the lee of these bathymetric sills. At 

Sheldon Cove (Figure S4), backscatter is more homogeneous and intense throughout the water column. At the time of 380 

sampling, hydrographic measurements revealed presence of a glacial plume at Sheldon Cove, originating from Sheldon 

Glacier, and significant influence of particles was observed from proximal to the glacier edge and near the main bay sill 

(Jones et al. 2023). Radium-224 and thorium-228, tracers of sediment-derived solute and particle influence respectively, are 

highly enriched at depth in Sheldon Cove (Jones et al. 2023), so we infer that the particle load is elevated from both benthic 

exchange and a sediment-laden glacial plume, making any sediment resuspension indistinguishable from other processes. 385 
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Figure 7: EK80 backscatter within the water column collecting in January 2020 from Marian Cove, 

showing a) the transect moving northeast into the bay; b) the transect moving southwest out of the 

bay. Lower panel shows current velocity averaged over depth. Backscatter from the seafloor is 

shown by backscatter values >-80 dB at the bottom of the images. High backscatter at shallower 

depths likely resembles krill swarms or other large biomass. See map figure S2 for track location. 

20
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5. Discussion 

5.1 High supply of dissolved iron to bottom waters 390 

Sediment addition in all mesocosms produced a sustained increase in bottom-water [dFe] of +4 to +12 nM relative to 

background. At Marian Cove, where cFe and sFe were measured, the initial Fe release appears to be both cFe and sFe (e.g. 

cFe/dFe of 0.4 at T4), and some sFe addition is retained over 12 – 24 h. The sustained dFe release was dominated by the 

colloidal phase, yielding a final [cFe] of 11 nM and a cFe/dFe ratio of 0.72—higher than the ocean-interior range of 0.4–0.6 

(Kunde et al., 2019). Across WAP experiments, control [dFe] values were in the range of inner-shelf bottom water [dFe] of 4 395 

– 33 nM, as measured near to Sheldon Cove, Adelaide Island, and Börgen Bay, Anvers Island (Ardiningsih et al., 2021; 

Bown et al., 2018; Sherrell et al., 2018). Therefore, despite the absence of trace-metal-clean sampling, contamination of 

background and T0 samples is likely minimal relative to total dFe. 

The sustained ∆dFe of +4 to +12 nM indicates that coastal sediments mixed up into the water column can provide a 

significant source of stable dFe (sFe and cFe) to WAP bottom waters, exceeding typical Southern Ocean dFe of < 0.1 nM 400 

(Von der Heyden, 2014) by up to two orders of magnitude. In the context of shelf sediment resuspension, these results 

clearly indicate that short-term release of Fe from coastal shelf sediments is both sFe (i.e. largely bioavailable) and cFe, and 

that some component of the cFe remains stable in bottom waters on a timescale of days. Once in the water column, dFe can 

be stabilised by organic Fe-binding ligands on similar timescales, as observed in the Bransfield Strait (Buck et al., 2010) and 

Bellingshausen Sea (Ardiningsih et al., 2021). The data presented in Jones et al. (2025) supports this hypothesis for the WAP 405 

regions presented in this study, where DOC exceeded background levels, and organic C was aggregated with 

(nano)particulate Fe in the surface waters of Marian Cove, Sheldon Cove, and Börgen Bay. 

The very high TdFe release (30–120 µM) during experiments and the high Feox1 measured in the sediment solid phase 

demonstrates a large reactive Fe pool delivered from sediments, and is in agreement with other studies demonstrating a 

highly labile component within Antarctic shelf bottom water particulate Fe, derived from under the ice sheet (Chinni et al., 410 

2026). While rapid adsorption/desorption of reactive particulate Fe is well documented in hydrothermal plumes 

(Fitzsimmons et al., 2017), shelf studies typically emphasise scavenging and loss of dFe (Homoky et al., 2012), rather than 

the potential to provide a sustained source of dFe through desorption and dissolution. Our results highlight the need to 

consider particulate–colloidal exchange as a source of Fe, alongside scavenging and sinking, when evaluating shelf 

bioavailable Fe fluxes. 415 

5.2 Sources of dissolved Fe 

For Marian Cove and Sheldon Cove, the pore-water dFe required to explain maximum incubation [dFe]—75 µM and 71 

µM—far exceeds measured values of 2.7 µM and 1.1 µM by 72.3 and 69.9 µM. Börgen Bay would require ~170 µM 
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assuming similar porosity, whereas nearby pore-water measurements show only 1.2 µM at 0.5 cm depth (Friberg et al., 

2026), with oxic pore waters to 3 cm and porosity of 0.744. Thus, measured pore-water dFe at 0.25 cm accounts for <4% of 420 

the maximum released dFe, and only 25% and 27% of the sustained (T48) increase at Marian Cove and Sheldon Cove. 

Pore-water dFe shows enrichment below 0.5 cm (8.27 and 2.23 µM at 0.75 and 1.25 cm in Sheldon Cove; 21 and 24 µM in 

Marian Cove) but remains insufficient to explain incubation increases (Figure 6).  

A significant component (73 - 75%) of the total sustained dFe release is therefore not accounted for by pore water 

measurements. Typically, enriched dissolved Fe concentrations in pore waters are indicative of reducing (i.e. anoxic) 425 

conditions, where Fe(III) is reduced to Fe(II) to liberate electrons. Oxygen is not depleted to anoxia within the top 3 cm of 

sediments. At Sheldon Cove, O2 reaches a minimum of 32 µM, the lowest recorded from all sites. Nitrate and nitrite profiles 

show that the coretop sediment (0 – 0.5 cm) lies above the redox boundary, defined here as the nitrate penetration depth 

(Burdige & Christensen, 2022). The measurable pore water dFe above this boundary suggests dynamic redox conditions, 

abundant reactive Fe (oxyhydr)oxides, and rapid upward transport of reduced iron from the shallow more typically 430 

ferruginous zone below, such as observed in fjord settings (Ebner et al., 2026). 

Dissolved Fe release from sediment solids occurs through several geochemical and physico-chemical pathways. Reductive 

dissolution of Fe (oxyhydr)oxides, magnetite, and Fe(III) in clays produces Fe(II)aq in reducing sediments, strongly 

enriching pore waters (Dong et al., 2009), with concentrations generally increasing with depth. This reductive mobilisation is 

a key component of sedimentary redox cycling globally (Raiswell & Canfield, 2012). Diffusion, bioturbation, bioirrigation, 435 

or resuspension can transport Fe(II)aq-rich pore waters into the overlying water column, supplying dFe to the ocean (Dale et 

al., 2015). Reductive dissolution rates depend on Fe mineral reactivity and environmental conditions, and for less reactive 

phases occur over days to years (Poulton et al., 2004; Raiswell & Canfield, 2012). 

The steep increase in pore water dFe over the top 1 cm and elevated dFe relative to typical shelf dFe pore water profiles from 

the region (e.g.Burdige & Christensen, 2022), are indicative of upwards diffusive fluxes of reduced Fe(II), with subsequent 440 

oxidation of reduced Fe to form Fe(III)-rich precipitates in surface sediments. With respect to the incubation experiments, 

the highest sustained supply of dFe to bottom waters was observed in Marian Cove, where pore water O2 was highest, 

indicating a decoupling of dFe concentrations and observed oxygen concentrations. We assume no external contamination, 

and that the sediment cores sampled for pore waters are comparable with those sampled adjacent for incubations. Our 

observations suggest that resuspension of sediments in glacier-proximal settings is a key source of dFe to overlying waters, 445 

as reactive Fe in oxic sediments is remobilised and released. 

The rapid (< 1 hr) release of dFe, predominantly in the colloidal phase (e.g. Figure 4c, d), following sediment addition at the 

three WAP stations is suggestive of a highly reactive Fe pool in glaciomarine WAP sediments that is mobilised when mixed 

with bottom waters, either from colloids loosely bound to mineral surfaces, released dFe by the physical process of mixing, 

or dFe present within the pores between sediments that was not captured by pore water extraction. At Marian Cove, some 450 

sFe is retained over the first 24h of the experiment, indicating a truly bioavailable source of Fe is supplied and not 
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immediately lost from sediments, but that this is not retained within the seawater beyond ~24 – 36 h. Within 48 h, 85–95% 

of the released dFe (driven by cFe) is lost, likely through adsorption onto particles or aggregation and precipitation. 

5.3 The solid-sediment iron composition 

The WAP sediments proximal to the glacier termini are lithogenic in origin, as determined by SEM-EDS, deriving primarily 455 

from the physical weathering of bedrock on the peninsula (Pereira et al., 2018). Sediments mostly consist of an Al-Si rich 

mineral phase, with a composition comparable to the average wt% of common elements in the upper crust (Figure S1; 

Angino 1996), indicative of production and transportation of physically eroded silicate bedrock, and Fe-rich phases. Using 

the same sequential extraction techniques, Burdige and Christensen (2022) found that Fe oxides (Feox1 + Feox2) accounted for 

29% and 19% of the total Fe at 0 – 2 cm depth for inshore and offshore WAP shelf sediments, respectively. The remaining 460 

sediment consisted of more refractory silicate minerals, with total sulfidic Fe(II) and unsulfidized Fe(II) produced by 

reductive dissolution <1 % of total Fe. Highly reactive Feox1 phases comprised 3.0 – 6.1%, highest for inshore sediments. In 

this study, we find an (Feox1 + Feox2) component of 7.6 - 29 % of total Fe, and an Feox1 component of 5.1 – 17 % (Table 4). 

Notably, Marian Cove, King George Island sediment had the highest Feox1 measured of 0.9 wt%, or 30% of the total Fe, 

providing the highest most reactive Fe component in both this study and in Burdige and Christensen (2022). 465 

Poorly crystalline amorphous phase Fe (oxyhydr)oxides such as ferrihydrite and lepidocrocite, targeted in the Feox1 leach, are 

among the most reactive Fe minerals and readily undergo dissolution or surface-layer desorption. These phases constitute 4 – 

22 % of the total Fe in the collected surface sediments and may contribute to the colloidal Fe phase. The dFe flux from oxic 

sediments remains sparsely measured (Homoky et al., 2016), poorly represented in ocean biogeochemical models (Tagliabue 

et al., 2016), and rarely included in benthic Fe mobilisation flux estimates and calculations (Burdige & Christensen, 2022).  470 

Multiple studies of glaciated bays and fjords in Greenland and the Antarctic show that glacial physical erosion of bedrock 

and export of reactive glacial flour enriches regional sediments in reactive forms of Fe (and Mn) (Hawkings et al., 2017; 

Meire et al., 2017).  Our results show that glacier-proximal surface sediments contain a highly reactive solid-phase Fe pool, 

evidenced by the release of 30–90 µM TdFe and a readily dissolvable or desorptive cFe flux during incubations. This 

highlights a previously underrepresented cFe flux during sediment resuspension that remains stable over short timescales 475 

(days). Although long-term stability was not measured here, Cheize et al. (2019) observed persistent dissolved Fe (and Mn) 

release from basaltic particles over 14 months. We also emphasise the need to assess the reactivity and desorption potential 

of Fe in >0.2 µm phases, including exchange between >0.2 µm and >0.02 µm fractions, and to investigate the often 

overlooked 0.2–0.45 µm colloidal fraction as a potentially important reservoir of dFe.  

 480 

 

 

Table 4: Comparison of the total Fe and Fe oxide composition at the three WAP glacial sites, compared with the 
broader WAP shelf. 
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 485 

4.4 Resuspension events as a key source of Fe to WAP bays 

The dFe of Circumpolar Deep Water (CDW) is relatively high (~ 0.5 nM), yet Antarctic shelf waters often exceed this at 

depth in the Amundsen Sea (Gerringa et al., 2012) Ross Sea (Gerringa et al., 2015), and near the coast in Marguerite Trough 

and Marguerite Bay (Sherrell et al., 2018). Sediment studies further indicate dFe in pore waters is elevated in fjord sites 

relative to the coast (Burdige & Christensen, 2022; Henkel et al., 2018; Monien et al., 2014).  490 

In glacier-proximal settings, deepwater overflow and glacial meltwater drive strong vertical and lateral mixing and benthic 

exchange, as observed at Sheldon Cove (Cape et al., 2019; Jones et al., 2023; Venables et al., 2017). EK80 data from Marian 

Cove and Börgen Bay, indicate frequent suspension of material (Supplementary Figures S2 – S4), and VMADCP-derived 

current velocities, presented averaged over depth, show rapidly changing flow directions, implying regular resuspension is 

possible. Likely drivers of resuspension include tidal and wind driven circulation, calving-induced tsunamis (Meredith et al., 495 

2022), and subsequent interaction with bathymetric features. Venables et al. (2017) use glider conductivity, temperature, 

depth, and turbidity data to demonstrate enhanced mixing and turbulence over bathymetric highs. Together, these nearshore 

processes provide multiple pathways for resuspension of sediment rich in both reactive dFe and cFe. 

Station FeT Feox1 + Feox2: FeT Feox1:FeT TDFe:FeT 

 Wt% % % % 

Sheldon Cove 4.0 ± 1.0 7.6 5.1 6.1 ± 0.3 

Börgen Bay 5.2 ± 0.2 15 9.6 8.5 ± 0.5 

Marian Cove 5.4 ± 1.0 29 17 10.4 ±1.1 

Inshore* 4.7 ± 0.3 29 ± 1 6.1  

Offshore* 4.8 ± 1.3 19 ± 3 3.0  

*As reported in the 0 – 2 cm sediment layer in sediments from the West Antarctic Peninsula shelf, by Burdige & Christensen 

(2022). The inshore and offshore stations in that study are in Supplementary Figure S5. 
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Following Burdige and Komada (2020), we estimate potential resuspension fluxes of the Feox1 and Feox from WAP 

incubation sediments. Using measured porosity and a dry sediment density of 2.65 g cm-3, volumetric Feox concentrations are 500 

51 – 193 µmol cm-3 and Feox1 are 34 - 108 µmol cm-3. Using a conservative sediment resuspension depth of 0.1 cm, this 

yields Feox fluxes of 5.1 - 19 µmol cm-2 per event and Feox1 fluxes of 3.4 - 11 µmol cm-2 per event at Sheldon Cove, Börgen 

Bay and Marian Cove (Table 5). These fluxes exceed estimates in Burdige and Christensen (2022) of 0.7 and 1.4 µmol cm-2 

per event for offshore and inshore basin sediments, respectively (Table 5, Figure S8). At Sheldon Cove, the increased total 

Feox1 flux reflects lower porosity of 0.64 compared to 0.9 used in Burdige and Christensen (2022) (Table 4). At Börgen Bay 505 

and Marian Cove, both lower porosity and a higher total Feox1 drive elevated reactive Fe fluxes. Incubation experiments at 

Marian Cove and Börgen Bay show the largest sustained dFe increase, supporting the hypothesis that these coastal sites 

supply highly reactive flux of resuspended Fe to the water column. 

 

The impact of the sedimentary Fe pool upon the sustained supply of Fe to the WAP shelf water column depends upon the 510 

frequency of resuspension events. Burdige and Christensen (2022) assume one sediment resuspension event per year, giving 

a suspended sediment flux of amorphous iron oxides averaging ~20 – 40 µmol m-2 d-1 over the course of a year. Our ADCP 

and backscatter suggest that in near-coastal regions, circulation processes and their interaction with bathymetry drive 

sediment mixing into the water column on a daily to weekly frequency during ice free periods, driven by winds, tidal 

processes, or turbulent overflows. If we conservatively assume sediment is resuspended once per week over six months, the 515 

suspended flux of reactive and dissolvable particulate Fe in near-coastal bays and fjords across the WAP would be 3.6 – 14 

mmol m-2 d-1, exceeding the previous estimate by 3 orders of magnitude. This also exceeds diffusive dFe fluxes from WAP 

shelf sediments of 1.3 – 15.5 µmol m-2 d-1 (de Jong et al., 2015) and inshore WAP shelf sediments of 43 µmol m-2 d-1 

(Burdige and Christensen (2022) by 3 – 4 orders of magnitude. Whilst a resuspension frequency of once per year is 

conservative when applied to these fjords, they occupy a small component of the total WAP shelf, which experiences 520 

heterogeneous water mass mixing, current speeds, and winds. The shelf average dissolvable Fe flux thus probably sits 

between the estimates made here and in Burdige and Christensen (2022) i.e. ~20 – 14,000 µmol m-2 d -1, but with strong 

spatial heterogeneity and glaciated coastal regions as Fe hotspots.  

Conservatively assuming each WAP glacier (n = 674; Cook et al. 2016) has a 5 km2 fjord or embayment, this gives a total 

area of 3370 km2, or a suspended sediment reactive Fe flux of 22,000 – 87,0000 tonnes Fe yr-1, if 10% of the released Fe 525 

reaches the surface mixed layer. Normalising this total Fe flux over the area of the whole Southern Ocean (20 × 106 km2) 

(Shaw et al., 2011) corresponds to 20 – 77 µmol m-2 yr-1, lower but comparable to other Southern Ocean reactive Fe sources: 

benthic Fe fluxes (270 µmol m-2 yr-1), icebergs (363 µmol m-2 yr-1), sea ice melt (120 µmol m-2 yr-1), and deep winter mixing 

(100 µmol m-2 yr-1) (Henley et al., 2020). Summing these fluxes, a West Antarctic Peninsula glacier-proximal flux of 20 - 77 

µmol m-2 yr-1 would comprise ~2 - 8 % of the total flux of Fe to the Southern Ocean. These estimates carry large 530 

uncertainties and partly overlap with total benthic Fe fluxes, but they emphasise the need to account for highly reactive 

glaciogenic Fe sediments in sediment resuspension budgets. Elevated pore water dFe, active redox cycling, a sustained 
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release of dFe following sediment resuspension, and frequent resuspension in fjords and embayments all indicate that a 

reactive Fe flux will be highest in glaciated locations. 

There is increasing evidence that glacier-derived Fe is more bioavailable than other sources (Fourquez et al., 2023; Shoenfelt 535 

et al., 2017; Stimpfle et al., 2026; Wyatt et al., 2023), although the bioavailability of glaciomarine sediment Fe has not yet 

been determined.  

 

Table 5: Fe oxide composition of the WAP surface sediment solid phase, and calculated additions to the sediment resuspension flux 
and incubation experiments. 540 

Station Feox1 Feox1 + Feox2  Feox1 fluxa Feox1 in 

incubation 

TDFe 

Unit wt% wt% µmol cm-2 µmol L-1 µmol L-1 

Sheldon Cove 0.2 0.3 3.4 51 62 

Börgen Bayb 0.5 0.8 7.1 107 94 

Marian Cove 0.9 1.6 10.8 163 102 

a Per resuspension event (e.g. Burdige and Christensen, 2022) and a resuspension depth of 0.1 cm. 
b Using a nearby core top sediment porosity of 0.744 (Friberg et al., 2026) 

 

Understanding how sedimentary reactive Fe is transported into the water column, and how bioavailable it is, is essential for 

assessing its influence on surface-ocean Fe supply to primary producers. The WAP shelf is characterised by off-shelf export 

via deep water masses (Moffat and Meredith, 2018). and recent work shows that glacially and sediment-derived Fe can be 

transported from the Antarctic shelf to the central Weddell Sea (Tian et al., 2026). Regions with short transport pathways 545 

between fresh glaciogenic sediments and Fe-limited waters—such as the northern WAP—may therefore be especially 

important for supplying potentially bioavailable Fe to the Southern Ocean mixed layer (Monien et al., 2017). Marian Cove, 

King George Island, sits close to the Bransfield Strait, where rapid circulation from the Bransfield Current transports water 

to the potentially Fe-limited Scotia Sea (Dulaiova et al., 2009; Hatta et al., 2013). The Marian Cove incubation showed the 

highest endpoint increase in dFe, with 73% colloidal Fe, and the highest sediment Feox1 (9 mg g⁻¹) and TdFe (~100 µM), 550 

indicating active solid–dissolved phase exchange and a substantial supply of bioavailable dFe to the water column. Glacial 

fjords and embayments in the northern WAP may therefore play a disproportionately important role in supplying Fe to the 

Southern Ocean mixed layer relative to other Fe sources—an influence that has so far been largely overlooked. 
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6 Conclusions 555 

This study provides strong evidence that resuspension of recently deposited glaciomarine sediments supply a high reactive, 

potentially bioavailable flux of Fe to the Antarctic shelf. Driven by Fe supply to the colloidal phase, sediments incubated 

from the northern WAP glacial fjord provided the highest sustained increase in dissolved Fe following sediment 

resuspension, and export potential to the Southern Ocean mixed layer, where Fe limitation is most prevalent. Further 

investigation of the transport of reactive Fe from sediments to the broader WAP shelf would enable evaluation of the spatial 560 

significance of these findings and help constrain the total suspended sediment flux of reactive Fe attributed to glacial fjords.  
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 570 
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NERC EDS British Oceanographic Data Centre NOC. 

Multibeam bathymetry data is available from the following: Retallick, K., Van Landeghem, K., Fremand, A., Howard, F., 

Sands, C., Roman-Gonzalez, A., Barnes, D., Jenkins, S., Munoz-Ramirez, C., & Scourse, J. (2021). Seafloor bathymetry of 575 

Sheldon Cove, Börgen Bay and Marian Cove, merged and gridded from EM122 multibeam echosounder data collected for 
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