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ARTICLE INFO ABSTRACT

Editorial Handling by: Dr. Zimeng Wang Major and trace element contents, grain size distribution and total organic carbon contents were measured in 141
marine surface and terrestrial sediment samples to study modern sediment dynamics in the Canadian Arctic (CA)
and to provide an assessment of metal enrichment for V, Zn, Mn and Fe. Samples were collected from different
areas between Baffin Bay and the Beaufort Sea during the ArcticNet 2016-2022 expeditions onboard the Ca-
nadian Coast Guard icebreaker Amundsen. Geochemical data combined with multivariate statistical analyses
allowed the division of the CA into three chemical clusters (CC) and four regional provinces. Central CA (CC#1)
and southeastern CA (CC#2) are mainly composed of relatively coarse sediments rich in detrital carbonates (Ca,
Mg) and siliciclastic elements (Si, K, Zr), respectively, reflecting coastal erosion of surrounding land (e.g., Vic-
toria Island, Baffin Island) and transport of sediment-laden sea ice. The sediments of CC#3, comprising western
and eastern CA, are characterized by organic carbon and Fe-Mn oxyhydroxides. Western CA, which is also
characterized by fine-grained aluminosilicates, is influenced by the Mackenzie River discharge, while eastern CA
is shaped by polynyas and glacial erosion. The highest concentrations of V and Zn are recorded in the western
CA. Over the whole region, significant positive correlations of Al with Zn, V and Fe suggest that lithogenic-
derived inputs influence the distribution of these metals in sediments from the CA and that Fe oxides repre-
sent the main carrier phase. In western CA, Mn displays positive but weaker relationships with Al and Fe,
suggesting a mixed source of Mn oxyhydroxides linked to both detrital fractions and authigenic processes near
the sediment-water interface. High terrestrial Mn oxyhydroxide inputs from the Mackenzie River are remobilized
and transported to areas with lower oxygen consumption in sediment, i.e., the Amundsen Gulf and Banks Island
coasts, which leads to surface sediment enrichment in Mn. The enrichment factor and the geo-accumulation
index, two pollution indices commonly used for identifying anthropogenic metal inputs, were also studied to
evaluate their suitability in the context of this study. Discrepancies from the normalization of metals with a
geochemical background and a normalizing element revealed that pollution indices should be used with caution.
Overall, according to the pollution indices and the regional survey, the surface sediments of the CA show minor
enrichment in trace metals and thus present natural concentrations relative to regional background values.
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1. Introduction

Trace metals naturally occur in the environment, and some are
essential elements for biological systems. However, some of them, also
known as heavy metals, have become contaminants of concern affecting
all systems (AMAP, 1998, 2005), including aquatic environments,
because human activities disrupt their natural cycles (Macdonald and
Bewers, 1996). Arctic coastal environments and shelves are particularly
important areas for biogeochemical cycles and are recognized as regions
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that are naturally rich in trace elements (Stein and Macdonald, 2004).
High inputs of land-derived dissolved and particulate trace elements
make these areas sensitive to metal enrichment (Brown et al., 2020;
Colombo et al., 2019; Jensen and Colombo, 2024). Indeed, scavenging
of dissolved trace metals from the water column to sediments by
adsorption, precipitation or complexation with mineral phases (such as
clays), Fe-organic colloids, particulate organic carbon and Fe-Mn oxy-
hydroxide coatings can be very high in the Arctic Ocean (Jensen and
Colombo, 2024), making sediments a major sink for those metals.
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Despite limited human settlements in the Arctic, and thus limited
localized direct anthropogenic trace metal emissions, Arctic environ-
ments are nonetheless affected by important inputs of inorganic (e.g.,
Hg, Pb, and Cd) and organic (e.g., polycyclic aromatic hydrocarbons and
persistent synthetic organic compounds) contaminants via long-range
atmospheric transport (AMAP, 2005, 2021a, 2021b), making anthro-
pogenic emissions a substantial source of trace metals in the region.

Properly assessing trace metal contamination in Arctic marine sedi-
ments requires a clear understanding of the natural geochemical vari-
ability across the region. Therefore, analyses of sediment provenance,
transport pathways, and depositional conditions are essential, as they
establish the geochemical and sedimentological framework needed to
distinguish natural background levels from potential anthropogenic in-
puts (Loring, 1991; Domingo et al., 2023). Studies on the trace metal
concentrations and sediment dynamics in Arctic Ocean have been per-
formed in Chukchi and Beaufort seas and Siberian Shelf (e.g., Budko
et al., 2022; Crecelius et al., 1991; Kondo et al., 2016; Myers and Darby,
2022; Naidu et al., 2012; Trefry and Neff, 2019; Viscosi-Shirley et al.,
2003; Zhang et al., 2021) and in Canadian Arctic rivers (Brown et al.,
2020; Colombo et al., 2019; Grenier et al., 2022). However, the vast
network of channels, continental shelves, and slopes within the CA re-
mains comparatively understudied (e.g., Deschamps et al., 2018; Gam-
boa et al., 2017; Kutos et al., 2021; Kuzyk et al., 2017; Letaief et al.,
2021). The spatial distribution of major and trace metals in surface
sediments within the CA is influenced by a complex interplay of factors,
including the diversity of surrounding geological provinces, the nature
of terrigenous source material, the grain size variability, and the pres-
ence of geochemical carriers such as metallic oxides and organic matter
(Letaief et al., 2021). These factors, governed by sediment provenance
and transport dynamics, ultimately control the natural variability of
trace metal concentrations and must be accounted for when evaluating
potential contamination (e.g., Domingo et al., 2023).

Chemical pollution indices are a widespread technique for assessing
the level and impact of sediment contamination by metals, and
discerning the human impacts (e.g., Reimann and de Caritat, 2000).
These indices attribute a value that reflects the level of pollution in the
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sample by normalizing the elements to a natural geochemical back-
ground and a conservative element. Even though the pollution indices
have been used in multiple environmental studies, the concept of
normalization has been questioned because of the natural variability of
chemical composition of the natural background and geochemical pro-
cesses (e.g., redox conditions and bottom scavenging) modify elemental
concentrations (Anderson and Kravitz, 2010; Desaules, 2012; Poh and
Tahir, 2017; Reimann and de Caritat, 2000, 2005; Tribovillard et al.,
2006; Van der Weijden, 2002).

In this context, major and trace elements content, grain size and total
organic carbon (TOC) content were measured in this study on marine
surface and terrestrial sediment samples from the CA to (1) establish a
portrait of the spatial regional variability of the chemical composition of
the seafloor, (2) acquire a better understanding of the sediment prove-
nance and the sedimentary and geochemical processes that govern the
distributions of major and trace elements, and (3) evaluate the appli-
cability of commonly used pollution indices for assessing trace metal
enrichment in surface sediments. Additionally, this study provides a
geochemical baseline and contribute to a comprehensive understanding
of sediment transport processes that operate across the Canadian Arctic.

2. Study area

The study area comprises the Canadian mainland north of 65°N and
the Archipelago, a network of islands, and narrow and shallow channels
connecting the Arctic Ocean to the Labrador Sea (Fig. 1). It is entirely
covered by a continued permafrost (Heginbottom et al., 1995), which
stores large amounts of soil organic carbon, especially in the western
part of the CA (Hugelius et al., 2014). Hydrology is restricted and
controlled by seasonal freezing and thawing of the permafrost. Located
on the western coast of the mainland (Fig. 1), the Mackenzie River is the
most important river of the CA. It drains an area of approximately 1.78
x 10% km? and has a mean discharge of ~300 km®/yr (Millot et al.,
2003). It is also the largest Arctic river in terms of suspended sediment
flux and the second largest in terms of dissolved material to the Arctic
Ocean (Millot et al., 2003). Smaller rivers also contribute significantly to
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Fig. 1. Map of the Canadian Arctic showing the main geographical setting, i.e., surface currents, polynyas and active and abandoned mines and gas/oil fields. AG:
Amundsen Gulf, BS: Barrow Strait, CG: Coronation Gulf, JS: Jones Sound, LS: Lancaster Sound, NS: Nares Strait, QMG: Queen Maud Gulf and SS: Smith Sound. ACC:
Alaska Coastal Current, BC: Baffin Current, BG: Beaufort Gyre and WGC: West Greenland Current. P.W.1.: Prince of Wales Island.
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the global discharge in central CA (Fig. 1), with an annual discharge
estimated to be ~260 km3/yr (Alkire et al., 2017). This includes the
Coppermine River, whose outlet is situated in the community of
Kugluktuk (~8.77 krn?’/yr), the Ellice River (~2.82 krn3/yr), the Back
River (~15.52 kms/yr) and the Anderson River (~4.72 km3/yr; Déry
et al., 2016).

Within the CA, three water masses are found (McLaughlin et al.,
2005; Steele et al., 2004): the Polar Mixed Layer (PML), the Arctic wa-
ters of Pacific origin (ApW) and the Atlantic waters (AW). The PML is
found in the upper 50-100 m of the water column and consists of
summer meltwater and river discharge. The ApW occupy the 100-300 m
water depth layer. It is a fresh and nutrient-rich water mass dominating
the western CA that flows eastward along the coast via the Alaska
Coastal Current (ACC; Fig. 1). The saline and warmer AW are found
beneath the ApW in the Canada Basin and in the Baffin Bay. The shallow
channels in central CA are composed of only the first two water masses.
A prevailing west-east current flows through the islands of the Canadian
Arctic, transporting Arctic and Pacific waters eastward toward the
Atlantic, propelled by the elevated sea level in the Pacific. Sea ice
completely covers the CA waters seasonally, with freeze-up starting in
September and break-up starting in June (Canadian Ice Services, 2023).
First-year sea ice is predominant in the CA and covers most of the area,
except in areas such as the northern Beaufort Sea and channels north of
the Parry Channel, where old ice predominates (Canadian Ice Services,
2023). Freshet from the Mackenzie River combined with wind and
summer temperatures lead to ice-free waters on the Beaufort Shelf and
slope in July/August (O’Brien et al., 2006). Multiple polynyas are pre-
sent in Canadian Arctic waters, namely the well-known North Water
Polynya (NOW; Pikialasorsuaq), and the Lancaster Sound and Bylot Is-
land Polynyas (Fig. 1; Stirling and Cleator, 1981; Hannah et al., 2009).
They are maintained by latent heat and ice arches formed in the Nares
Strait and Lancaster Sound (Vincent, 2023). These polynyas, especially
the Pikialasorsuaq, are highly productive areas (Ribeiro et al., 2021)
with high resulting fluxes of organic carbon (Hamel et al., 2002).

Three main regional geological units characterize the CA: the Ca-
nadian Shield, the Interior Plains and the Innuitian Orogen (Fig. 2;
Brown, 1972; Harrison et al., 2011). The Canadian Shield, which oc-
cupies the eastern part of the study area, is divided into the provinces of
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Churchill, Bear and Slave, and is mainly composed of Archean and
Proterozoic gneiss, granites and gabbros (Harrison et al., 2011). Younger
interior and Arctic platforms form the Interior Plains, which are made up
of carbonate rocks, mostly dolostones, in central CA and sedimentary
rocks, such as siltstone and sandstone, in western CA. The
Silurian-Devonian Innuitian Orogen consists of mildly to strongly folded
and deformed sedimentary units (Harrison et al., 2011; Trettin et al.,
1989). It occupies the islands of northern CA, i.e., the Queen Elizabeth
Islands.

Modern sedimentary processes across the CA are dominated by river
discharge, entrainment by sea ice, and coastal and glacial erosion
(Letaief et al., 2021). The Mackenzie River, along with the small rivers of
the CA, are exporting significant amounts of land-derived inorganic and
organic material to the ocean originating from the surrounding geology,
i.e., Precambrian igneous and metamorphic rocks to central and eastern
CA and younger sedimentary rock to western CA (Millot et al., 2003).
The erosion of Arctic coasts and the resulting sediment inputs are sub-
stantial, mainly because of permafrost thaw. On average, Arctic coastal
erosion rate is 0.5 m.yr~!, though rates can exceed 3 m.yr~! along the
Beaufort Sea coast. This process contributes to significant fluxes of
material, including contaminants, to the marine environment (Lantuit
et al.,, 2012). Although data on coastal erosion within the Canadian
Arctic Archipelago remain limited, the existing studies suggest that most
coastlines are relatively stable (Lantuit et al., 2012; St-Hilaire-Gravel
etal., 2012). Letaief et al. (2021) however identified coastal erosion as a
key driver for sediments transport for the Banks Island area, the M’Clure
Strait and the Barrow Strait/Lancaster Sound. Suspended fine-grained
sediments coming from rivers and coastal erosion can also be
entrained by frazil and anchor ice (Darby et al., 2011; Reimnitz et al.,
1993). The incorporation of sediments into sea ice during its formation
is an important sedimentary transport process, mainly in the Beaufort
Sea. As sea ice is transported by surface currents and subsequently melts,
the entrained particles are redistributed, with their presence observed
further east, as interpreted by Letaief et al. (2021). Finally, several
glaciers are present along the eastern coasts of Ellesmere, Devon and
Baffin Islands, which highly contribute to the sediment supply, mainly in
fjords (Normandeau et al., 2019; Syvitski and Normandeau, 2023).
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Fig. 2. Geological map of the Canadian Arctic (data from Harrison et al., 2011) with the location of the samples. Comparative bedrock samples include carbonates
from Victoria Island (Bédard et al., 2016) and igneous rocks from the Jungersen River in the Churchill Province (Lebeau, 2022).
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3. Methodology
3.1. Sampling

A total of 128 surface sediment samples and 13 terrestrial samples
(including glacial till and sediments from riverbanks) were collected
from different areas between Baffin Bay and the Beaufort Sea as well as
in the Nares Strait during the ArcticNet summer expeditions (2016-2019
and 2022) onboard the Canadian Coast Guard Ship (CCGS) icebreaker
Amundsen (Fig. 2; Table S1). The terrestrial sampling sites were
accessed with the ship helicopter as the CCGS Amundsen traveled
through the CA. The marine sediments were sampled with a box corer
(50 cm x 50 cm x 60 cm) and the surface uppermost 1 cm of each box
core was sampled onboard using a plastic spatula and stored in plastic
bags at 4 °C. Push cores (10 cm diameter) were taken from each box core
collected during the expeditions; they were subsequently subsampled in
the laboratory. The bases (lowermost 1-1.5 cm) of 37 of these push cores
were used in this study to establish a regional geochemical background
(Table S2). Based on a compilation of sedimentation rates from various
studies within the CA (modified from Letaief et al., 2021), we estimate
that the basal sediments of the push cores correspond to pre-industrial
times (pre-1900 Common Era or CE; Table S2), and therefore to natu-
ral values.

3.2. Laboratory analyses

All samples were analyzed for major and trace element contents and
grain size. While most of the TOC data used in this study are from
Corminboeuf et al. (2021), additional TOC analyses were performed on
new sediment samples to enhance regional coverage, following the same
methodology and using the same instrument. For TOC analysis and
elemental geochemistry, all samples were first wet-sieved through a
150-pm Nitex® mesh using distilled water and then oven-dried (<60 °C)
for 12 h, crushed and homogenized with an agate mortar. The <150 pm
fraction includes fine-grained sediments, such as clay, silt and fine sand,
which allow not only to avoid spatial biases in elemental concentrations
linked to coarse-grained size variations, but also to capture the regional
geochemical signature of the environment and the different sediment
transport processes operating across the CA.

The total carbon (TC) and TOC contents in the <150 pm sediment
fraction were measured at the Geotop Light Stable Isotope Geochemistry
Laboratory (Montreal, Quebec) with a Carlo-Erba NC 2500 elemental
analyzer following the acidification in solution method described in
Helie (2009). Briefly, each sample was divided into two aliquots. The
first one (bulk sediment) was used to determine the TC content. The
second aliquot was acidified with 1 M HCI to remove carbonates, dried
and milled. This carbonate-free aliquot was used to determine the TOC
content. To account for inorganic carbon mass loss, a correction was
applied to the results (Hélie, 2009). Analytical precision and accuracy
were determined by duplicate analyses of samples and replicate analyses
of in-house and international standards (low organic content soil,
cyclohexanone-2,4-dinitrophenylhydrazone, atropine and acetanilide)
and were better than +£0.02 % (10).

Grain size analysis was performed with a Malvern PANalytical
Mastersizer 3000 laser diffraction grain size analyzer equipped with a
Hydro LV module following the instrumental conditions outlined in
Belzile and Montero-Serrano (2022). Before measurement, an aliquot of
the bulk fraction of each sediment sample was treated with 5-10 mL 30
% Hy0; to remove organic matter. The dry residues were then diluted
with ~30 mL of sodium hexametaphosphate (20 % v/v), sieved at <2
mm, and disaggregated using an in-house rotator for 12 h prior to par-
ticle size measurements. The grain size data obtained was processed
using the GRADISTAT software version 9.1 (Blott and Pye, 2001).

A total of eight major elements (Mg, Al, Si, K, Ca, Ti, Mn, and Fe) and
five trace elements (V, Cr, Zn, Sr, and Zr) were measured in the <150 pm
sediment fraction using a Malvern PANalytical Epsilon 3-XL energy

Applied Geochemistry 189 (2025) 106432

dispersive X-ray fluorescence spectrometer (ED-XRF). Prior to ED-XRF
measurements, the loss on ignition (LOI) was determined gravimetri-
cally by weighing an aliquot of 2 g before and after heating it for 4 h at
950 °C. Following the LOI, ~1.1 g of the ignited samples were mixed
with 5.5 g of lithium tetraborate (CLAISSE, pure, 99,00 % Li;B407, and
1,00 % LiBr) and fused with a CLAISSE M4 Fluxer automated fusion
furnace to form glass disks. The glass disks were analyzed for elemental
geochemistry with the ED-XRF. The acquired ED-XRF spectra were
treated with the Malvern PANalytical Omnian standardless software
package calibration, and the acquired data are expressed as percent
mass (wt.%) for major elements and micrograms per gram (ug/g) for
trace elements. Procedural blanks were prepared with synthesized sili-
con oxide powder (99.999 % SiOs; American Elements; SI-OX-05M-
P.325 M). The SiO, blank concentrations are less than the detection limit
(DL; Fig. S1; Table S3) for most major and trace elements, except for
Aly03 (~0.83 %; Table S4). This Al contamination is probably derived
from the ceramic crucibles used for LOI determination. Thus, the Al
concentrations in the sediment samples are corrected by subtracting the
mean Al values of the procedural blanks. The accuracy of the overall
method, including the digestion and glass disks preparation, was
assessed by analyzing the USGS certified material SDC-1 and BCR-2. The
results obtained for these reference materials are in good agreement
with reference values from the GeoREM database (http://georem.mpch
-mainz.gwdg.de/; Fig. S1). Except for MgO in the analysis of SDC-1, the
recovery values (accuracy) for all the measured elements were between
91 and 118 % (Table S5), which corresponds to the usual acceptable
deviation limits (Thompson et al., 2002). The reproducibility of ED-XRF
analysis, based on replicate analysis of USGS standards SDC-1 and BCR-2
every 9 samples, was <8 % relative standard deviation (RSD, 1o) for
major elements, <11 % for V and <5 % for the other elements
(Table S5). Cr was excluded from the statistical analysis because the
majority of the results were below the DL, and the accuracy with
certified material was not acceptable; however, few results were kept as
qualitative values in the interpretation.

3.3. Pollution indices

Two pollution indices were used to determine metal pollution/
enrichment in the sediment and to assess anthropogenic influence.
Different geochemical backgrounds were employed for the calculation
of the indices to consider the warnings mentioned by several studies
(Reimann and de Caritat, 2000, 2005; Van der Weijden, 2002; Anderson
and Kravitz, 2010; Tribovillard et al., 2006; Desaules, 2012; Poh and
Tahir, 2017). Three geochemical backgrounds were used in the calcu-
lations of the pollution indices for comparison: 1) Average Shale (AS;
Turekian and Wedepohl, 1961), 2) Upper Continental Crust (UCC;
Taylor and McLennan, 1985), and 3) a regional geochemical back-
ground obtained from basal sediment samples from 37 push cores
collected in the CA representing pre-industrial times. This pre-industrial
background was subdivided into local backgrounds according to the
clusters determined with the surface samples. The pollution indices used
in the study are as follows, and the pollution classification levels are
shown in Table 1:

Enrichment factor - The enrichment factor (EF) is used to determine if
there has been an increase in the levels of that element by an anthro-
pogenic contribution using the following equation:

Xsample / Ysample
FF=——"-""/ "~
Xbackground / Ybackground

where Xgample is the concentration of the trace element in the sample and
Ysample is the concentration of a normalizing element in the same sample.
Xpackground aNd Ybackground are the concentrations of the trace element
and the normalizing element, respectively, in the geochemical back-
ground. Iron and aluminum are both proposed in the literature as
normalizing elements (Birch, 2020), but iron is involved in diagenetic
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Table 1
Classes of pollution indices used in this study. EF: enrichment factor, Igeo: Geo-accumulation index.
Indice Classes Values Sediment quality References
EF EF <1 No enrichment Hakanson (1980)
EF =1-3 Minor enrichment
EF = 3-5 Moderate enrichment
EF = 5-25 Moderately severe enrichment
EF = 25-50 Very severe enrichment
EF > 50 Extremely severe enrichment
Igeo 0 Igeo <0 Uncontaminated Miiller (1969)
1 0 < Igeo <1 Uncontaminated to moderately contaminated
2 1 < Igeo <2 Moderately contaminated
3 2 < Igeo <3 Moderately to heavily contaminated
4 3 < Igeo <4 Heavily contaminated
5 4 < Igeo <5 Heavily to extremely contaminated
6 5 > Igeo Extremely contaminated

processes that can lead to its enrichment in the first layers of marine
sediment. Also, large land-ocean interactions are rapidly evolving in the
Arctic, which impact the iron inputs to coastal marine sediments
(Colombo et al., 2021; Jensen and Colombo, 2024; O’Donnell et al.,
2024). Thus, to study the biogeochemical processes that influence the
metal composition of surface sediment, including iron, another element
should be used as the normalizer. Aluminum is the normalizing element
used here because it is not affected by direct anthropogenic disturbance
and redox conditions, it is a major component of detrital sediments and
Al has been used as a normalizing element in previous geochemical
studies on the Canadian Arctic Archipelago (Trefry and Neff, 2019). Ti, a
frequently used and reliable normalizing element (Boés et al., 2011),
was also tested to assess discrepancies with Al (Fig. S4).

Geo-accumulation index - The geo-accumulation index (Igeo) clas-
sifies the pollution level of a trace element into seven classes (Miiller,
1969), as reported in Table 1. The index is calculated with the following
equation:

Igeo = log,(Cn/1.5Bn)

where Cn is the concentration in pg/g of the trace element in the sample
and Bn is the concentration (pug/g) of that element in the geochemical
background. The constant 1.5 is a factor that considers the possible
variations in the geochemical background values generated by litho-
logical changes.

3.4. Statistical and spatial approach

Statistical analyses were performed on the ED-XRF data using R
software (R Core Team, 2024). A multiplicative lognormal imputation
(Palarea-Albaladejo and Martin-Fernandez, 2013, 2015) was imple-
mented to impute values below the DL of the data. Prior to multivariate
analysis, a centered-log ratio (clr) transformation was applied to remove
the statistical constraints on the compositional data (Aitchison, 1982)
using the R package “compositions” (van den Boogaart and
Tolosana-Delgado, 2008). A K-means clustering analysis was performed
with ED-XRF, LOI and TOC data to group samples with similar chemical
compositions within the CA. The cluster analysis was conducted with the
R package “stats” (R Core Team, 2024). The quality of the analysis was
evaluate using a silhouette plot (“factoextra” R package; Kassambara and
Mundt, 2020), where negative values indicate an incorrect and/or
questionable assignment (Borcard et al., 2011). Principal component
analysis (PCA) was performed with the package “FactoMineR” (Le et al.,
2008) to identify elemental associations with similar relative variation
patterns and to extract common trends between all variables and clusters.
A Spearman correlation matrix was also applied to data, using the
package ‘corrplot’ (Wei et al., 2017) to compare major and trace elements
with Dgg particle size, LOI and TOC data. Nonsignificant correlation co-
efficients (p-value >0.05) are not shown in the matrix. Geochemical
distribution maps were generated using QGIS version 3.22.10.

4. Results and interpretations

The elemental concentration revealed significant spatial variation
within the CA. Values for major elements ranged from 0.2 to 11 wt % for
Mg, 0.6 to 9 wt % for Al, 3 to 38 wt % for Si, 0.1 to 21 wt % for Ca, 0.3 to
6 wt % for Fe, and 0.01 to 2 wt % for Mn (Fig. 3). The LOI also presents
important variability, with values ranging from 2 to 43 %. Central CA
and Foxe Basin are marked by the highest values for Mg and Ca and the
lowest values for Fe, Al and Si, while the Beaufort Sea and Baffin Bay
areas roughly show opposite results. High Mn contents in sediment are
observed in Amundsen Gulf and in northern Davis Strait. For trace ele-
ments, V shows high variability, with concentrations ranging from <50
(DL) to 306 pg/g, with the highest concentrations found in samples
located from the Beaufort Sea and the Amundsen Gulf. Most samples had
Cr concentrations < 100 pg/g (DL), but some samples from the Beaufort
Sea, Amundsen Gulf and Baffin Bay recorded concentrations between
100 and 135 pg/g.

The texture of the sediments (<150 pm fraction) found in the CA
range from silt, sandy silt and silty sand (Fig. S2), which is consistent
with previous regional studies performed from the Beaufort Shelf to
Baffin Bay (e.g., Crecelius et al., 1991; Gamboa et al., 2017; Loring,
1984; Letaief et al., 2021; Corminboeuf et al., 2021). The Dgq for the
<150 pm fraction ranges from 12 to 212 pm, with a west-east increasing
trend (Fig. 4a). The Beaufort Sea, and the Amundsen and Coronation
Gulfs are mostly composed of fine silt. A mix of fine to coarse silt
characterizes the Queen Maud Gulf and central channels. The grain size
in Baffin Bay and Nares Strait varies from fine silt to fine sand,
depending on the proximity to the coast and water depth. The coarsest
material, i.e., very coarse silt to fine sand, is found in Frobisher Bay and
Baffin Island fjords.

The TOC content ranges from 0.1 to 2 % throughout the CA, with
higher concentrations observed in the fine-grained sediment samples
(silt; Fig. 4b & S2). The highest TOC content is found in Jones Sound,
Lancaster Sound and Smith Sound, with concentrations around 1-2 %. A
gradient is observed in the TOC content in Western CA, with values
reaching 2 % close to the Mackenzie River mouth and decreasing when
moving away from it, i.e., to 0.4 % north of Banks Island and 0.7 % in
Amundsen Gulf. Frobisher Bay samples have values varying from 0.2 to
2 % and show an unclear decreasing trend from the inner to the outer
bay. The TOC content in Baffin Bay is within the same values range. The
samples from Baffin Bay fjords have low values and those from Davis
Strait have values around 0.7-1 %. The lowest concentrations are
measured in the Foxe Basin and northern Nares Strait. In terrestrial
samples, the TOC content varies between 0.1 and 9 %, with the highest
content found in proglacial rivers and glaciers of southern Ellesmere
Island.

K-means cluster analysis revealed that the marine surface sediment
samples in the CA can be divided into three chemical clusters (CC). A
geographical component is clearly observable in the distribution of the
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geographical information.

clusters within the CA (Fig. 5a). Except for two samples, the clustering
analysis correctly classified all the samples according to the silhouette
plot (Fig. 5b). The first CC regrouped samples in central CA, i.e., Barrow
Strait, M’Clintock Channel, Gulf of Boothia, Foxe Basin, and northern
Nares Strait. CC #2 consists of samples located in eastern Baffin Island
fjords and Frobisher Bay, and Coronation and Queen Maud Gulfs. The
third and largest CC can be subdivided into two parts: western and
eastern CA. Western CA is represented by samples originating from the
Beaufort Sea, western Banks Island Coast and Amundsen Gulf, whereas
eastern CA is mostly represented by samples located around Lancaster
and Jones Sounds, and Baffin Bay (south of Smith Sound and north of the
Davis Strait). PCA based on ED-XRF, LOI and TOC data indicates that the

first two principal components (PC) explain 79 % of the total variance
(Fig. 6a). PC1 scores (52 % of the total variance) are positively associ-
ated with Ca-Mg-LOI, whereas PC2 scores (27 % of the total variance)
are positively associated with Zr-Sr-Si-K-Al and negatively associated
with TOC-V-Fe and Mg-LOI (Fig. 6b). The samples are presented in the
biplot as points with size varying according to their grain size, which
reveals that PC2 scores are mostly associated with coarse-grained sedi-
ments. Mn was not included in the PCA because of its strong influence on
elemental geochemical variability. The three clusters determined were
clearly distinct in the biplot. Samples in CC#1 are all located on the
positive side of PC1 with Ca, the samples in CC#2 are grouped in pos-
itive PC2, where coarse-grained sediments are predominant, and the
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samples in CC#3 are roughly situated in the negative PC1/negative PC2
quadrant.

For all clusters, the Spearman rank correlation matrix (Fig. 7a) shows
a negative correlation of all elements except Sr, Si and Zr, with Dy,
suggesting that they are more concentrated in the fine-grained fraction
(silt). In contrast, Si and Zr are indicators of coarse-grained sediments
(sandy silt and silty sand; Rothwell and Croudace, 2015). Al and Ti are
closely correlated with each other (0.71), and with K (0.77 and 0.55), Fe
(0.79 and 0.77) and V (0.62 and 0.68), which suggests that
lithogenic-derived inputs influence the distribution of these elements
(Askari-Dehno et al., 2022; Choudhary et al., 2023; Rothwell and
Croudace, 2015). However, the moderate positive correlations of Mn
with Al (0.55), Fe (0.55) and the absence of correlation with Ti may
indicate that Mn likely derives from both continental and authigenic
sources (Macdonald and Gobeil, 2012). As shown in Fig. 7b, the corre-
lation between Mn and Fe can be divided into two main types reflecting
the two sources. The light gray circle highlights a linear Fe-Mn rela-
tionship, indicating lithogenic provenance, which is observable in all the
clusters, except for some CC#3 samples. These samples, mainly from the
Amundsen Gulf and Baffin Bay (dark gray circles), exhibit authigenic Mn

enrichment. The observed positive correlations of V and Zn with Fe
(0.85 and 0.49) and with Al (0.62 and 0.47) suggest that their distri-
butions are partly associated with aluminosilicates but are mainly
controlled by adsorption onto Fe oxides (Choudhary et al., 2023).
Organic matter accumulation seems also to be an important process
influencing V sedimentation, as shown by the positive correlation be-
tween V and TOC. Ca, Mg and LOI present good positive correlations,
highlighting their association with detrital carbonates.

The Si—-Ca-Al ternary plot (Fig. 8) shows that the CC#2 and CC#3
samples consist of detrital material similar to UCC and AS, whereas
CC#1 samples plot along a mixing trend between UCC/AS values, Nares
Strait sediment composition (Caron et al., 2020) and the carbonate
endmember (Bédard et al., 2016). Compared with CC#3, CC#2 is
slightly enriched in Si, which is consistent with the composition of the
UCC and the igneous rocks from the Jungersen River (Lebeau, 2022), as
well as the sediments from Baffin Bay (Loring, 1991). In contrast, CC#3
exhibits a higher Al content than CC#2 and shows a chemical compo-
sition similar to suspended sediment samples from the Mackenzie River
Basin (Dellinger et al., 2017), Mackenzie Shelf sediments (Gamboa et al.,
2017) and AS.
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Fig. 5. (a) Map showing the repartition of the three chemical clusters. (b) Silhouette plot resulting from the K-means clustering analysis of the marine surface

sediments. Fig. 1 shows the geographical information.

Compared with all three background levels, the EF and Igeo indices
indicated that there was no significant enrichment or pollution in Zn or
Fe. However, there are some indications of enrichment in V and Mn
(Fig. 9). With the UCC values as background, moderately severe
enrichment in V is observed in four samples: two river samples from
southern Ellesmere Island (EF = 18 and 8; Fig. S4a) and two marine
surface samples from the Amundsen Gulf and southern Banks Island (EF
= 5.4 and 5.2, respectively). The reason for such high EF results in
terrestrial samples is the very low Al content rather than the high V
content. All the samples from the Beaufort Sea and Amundsen Gulf, and
most of the samples from Jones Sound present moderate enrichment.
When the AS values were used as the background, the EF values
decreased significantly compared with those of the UCC, with only the
river samples showing enrichment in V. The EF values, when the
chemical composition of the base of push cores were used as the back-
ground, revealed no to minor enrichment of V-Zn-Mn-Fe.

According to the Igeo with UCC as background, sediment samples
from the Beaufort Sea and Amundsen Gulf are moderately polluted in V,
along with two samples from central Jones Sound. The two river samples
from southern Ellesmere Island show unpolluted levels (Fig. S4a). When
the AS values were used as the background, Igeo values differ, with
values significantly lower (Fig. 9). Without indicating any polluted
samples, the Igeo values with the basal samples from the push cores as
background are generally higher for Zn and Fe than for the AS and UCC
values.

Regardless of the geochemical background used to calculate the EF,
dozens of samples present moderate to moderately severe enrichment in
Mn throughout the CA, mainly south of the Parry Channel (Fig. 9 and
$3). Amundsen Gulf and Davis Strait contain the largest number of

moderately severely enriched samples in Mn. Similar results are
observed with Igeo, with samples classified as moderately to strongly
polluted.

5. Discussion
5.1. Spatial variability and sediment provenance

A large regional variability is observed in the chemical composition
of surface sediments across the CA. The three chemical clusters identi-
fied four spatial zones in the study area: CC#1 occupying central CA,
CC#2 in southeastern CA, and CC#3 subdivided into western CA and
eastern CA.

The samples from CC#1 in central CA present sediment rich in calcite
and dolomite (Belt et al., 2010; Lakeman et al., 2018; Myers and Darby,
2022). The 32 samples found in this cluster are associated with detrital
carbonates derived from the erosion of the dolostone of the Arctic
platform and the limestone from the Innuitian Orogen in northern CA.
These rocks are predominant in multiples islands in central CA, such as
Victoria, Prince of Wales, Devon Islands (Figs. 1 and 2). It is therefore
reasonable to conclude that the surrounding geology is the main source
for Ca and Mg in the central CA cluster. However, the notable variability
observed in grain size and Al-Si content in CC#1 (Figs. 4 and 8) in-
dicates that different transport processes are affecting the distribution of
sediment. The sediments with the coarsest grain size combined with the
lowest Al content and highest Ca-Mg content are observed in Nares
Strait, Gulf of Boothia, Foxe Basin, where coastal erosion of nearby
carbonate bedrock predominates. The presence of finer sediments
enriched in Al in Lancaster Sound and M’Clintock Channel suggests a
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more distant source. The sediments are slightly better sorted but, though
still classified as poorly sorted (Fig. S5), indicating that they are likely
transported by surface currents flowing northward from the Amundsen
Gulf and eastward through Barrow Strait (Fig. 1), as well as by drifting
sea ice. Indeed, sediment-laden sea ice is an important process in the
Arctic Ocean that transports fine particles over long distances (Reimnitz
et al., 1993), which was also observed by Letaief et al. (2021) in Lan-
caster Sound and M’Clure Strait. The negative correlation between
Ca-Mg-LOI and Al, along with all the other variables (Fig. 7a), demon-
strates that detrital carbonate sediments and aluminosilicates originate
from distinct regions. These findings also reveal that these sediments are
poor trace metal carriers.

CC#2, in the southeastern CA region, includes Coronation and
Queen Maud Gulfs, eastern Baffin Island fjords and Frobisher Bay. This
cluster is characterized by elements (Al Si, K, Sr and Zr; Figs. 6 and 8)
that can be associated with K-feldspar, illite, quartz and zircon (Gamboa
etal., 2017). Zr contributes greatly to the total variance in this cluster, as
shown in the biplot (Fig. 6). This element, which is a ubiquitous mineral
in the crust and occurs in zircon grains in igneous and sedimentary
rocks, is a coarse grain size indicator (Rothwell and Croudace, 2015). In
addition to terrestrial sediments, this cluster is indeed composed of the
coarsest sediment of the dataset (sandy silt to silty sand; Fig. S2), with
finer sediments found in the Queen Maud Gulf and coarser sediment
found in eastern Baffin Island fjords and Frobisher Bay. Proximity of the
samples to the coast and to the Canadian Shield rocks explains the

composition of this cluster. For example, Queen Maud Gulf sediments
are particularly rich in Si (25-30 %, Fig. 8) and K (3.5-4.0 %), which is
similar to the Tingmeak and Simpson Rivers (Si: 29 % and K: 3.7 %, and
Si: 38 % and K: 2.4 %, respectively), draining granitoid rocks form the
Slave and Churchill Provinces (McMartin et al., 2013). Letaief et al.
(2021) reported similar results in Coronation and Queen Maud Gulfs,
with dominant content of Si—-Al-Zr-Sr-K. As suggested by these authors,
the local seafloor of these gulfs is primarily fed by sediments from sur-
rounding rivers (such as Coppermine in Coronation Gulf and Back,
Hayes, Perry, Armark, Simpson, Hayes and Ellice rivers in Queen Maud
Gulf; Alkire et al., 2017) draining the Canadian Shield and flowing
northward to the gulfs, but also by sea ice transport that contributes
finer sediments (Belt et al., 2010). The sediments from Baffin Island
fjords mostly originated from glacial erosion of Precambrian granites
and gneiss from tidewater glaciers. Sandy gravity flows resulting from
summer chute failures at the fjord head explain the sediment transport
of coarse-grained sediment into Baffin Island fjords (Fig. 4; Syvitski and
Normandeau, 2023). In Frobisher Bay, the Si-Sr-Zr-Fe-Ti sediment-rich
seafloor is supplied by erosion of proglacial material (such as
monzogranite-derived till) and remobilization of postglacial mud
(Deering et al., 2018; Forbes et al., 2018). In addition, even though
anthropogenic activities from Iqaluit have an impact on contaminant
inputs in Frobisher Bay (Bartley et al., 2024; Corminboeuf et al., 2021),
our results indicate no enrichment in V, Zn or Fe. The absence or the
negative correlation between trace metals and Dy, Si and Zr (Fig. 7a)
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reveals that the relatively coarse sediments characterizing Frobisher Bay
do not serve as effective carriers for trace metals and, therefore, do not
favor their transport through the bay (Chen et al., 2016).

CC#3 is subdivided into two geographical zones: western and
eastern CA. Even though substantially different sources and processes
affect the zones, both are characterized by high TOC, trace metals and Fe
contents and generally fine-grained sediments (Fig. 6). Most of the
western CA subcluster is located within the Mackenzie River plume, and
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the latter represents the dominant source of sediment supply to the
Canadian Beaufort Shelf (Fig. 8; Deschamps et al., 2018; Hill et al., 1991;
Kutos et al., 2021; Gamboa et al., 2017). The sedimentary region is
characterized by fine-grained sediments containing relatively high
concentrations of Al-Fe-Mn-Ti and V-Zn—-Cr, which can be related to
clay minerals, such as kaolinite and illite (Deschamps et al., 2018; Myers
and Darby, 2022), and Fe-Mn continental oxides derived from the
Paleozoic to Mesozoic sedimentary rocks of the Mackenzie Valley
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(Gamboa et al., 2017; Kutos et al., 2021; Harrison et al., 2011). These
interpretations are consistent with the chemical end-member calcula-
tions derived from suspended sediment samples in the Mackenzie River
Basin (Dellinger et al., 2017; Millot et al., 2003), suggesting that the
primary source of the Mackenzie River sediments is the shales of the
Interior Platform. Carbonates and calcareous shales (Fraser and Hutch-
ison, 2017) and igneous rocks from the Bear Province (Fig. 2) also
contribute significantly to the composition of the sediment. Likewise,
significant abundances of magnetite (a Fe oxide mineral) are also found
on the Mackenzie Shelf (Gamboa et al., 2017) and may result from the
intrusive dikes on Banks Island (Myers and Darby, 2022). The high TOC
content recorded in the sediments in western CA is mainly terrigenous, i.
e., of petrogenic origin and from soils and wetlands, whereas the TOC
from marine production accounts for a minor contribution (Drenzek
et al., 2007). The organic material is mainly delivered by the Mackenzie
River discharge (Goni et al., 2013) which carry organic rich Devonian
shale and coal material (Harrison et al., 2011; Yunker et al., 2011), and
by coastal erosion of organic rich permafrost (Couture et al., 2018). A
decreasing gradient in Al-Fe-Ti-V and TOC contents is observed in an
overall W-E direction toward the Amundsen Gulf and toward Banks Is-
land, confirming that the influence of the Mackenzie River plume is
likely diluted eastward by other sedimentary processes, such as input
from erosion of the coastal cliffs west of Banks Island (Gamboa et al.,
2017). Mn concentrations are however showing an opposite trend, with
the highest concentrations occurring in the Amundsen Gulf (Figs. 3 &
5b), indicating that other processes are influencing its distribution, such
as different redox conditions near the sediment-water interface. Most
Mn in the Arctic Ocean originates from rivers and coastal erosion,
making the Mackenzie Shelf an area with very high inputs (MacDonald
and Gobeil, 2012). However, high organic fluxes from the Mackenzie
River maintain a shallow oxygen penetration depth (<2 cm; Magen,
2008), which leads to the reduction of Mn oxides close to the
sediment-water interface and allows the dissolved Mn?" to escape into
the overlying waters (MacDonald and Gobeil, 2012). Particulate and
dissolved Mn transported eastward by the Alaskan Coastal Current to the
Amundsen Gulf and along the Banks Island coast are enriched in surface
sediment because (1) the thicker oxygen penetration depth in the
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Amundsen Gulf (6 cm; Magen, 2008) allows the stability of the oxides at
the surface and (2) below the oxic zone, reduced Mn diffuses upward
and reprecipitates in the uppermost cm of sediment, causing surface
enrichment. Surprisingly, there is stronger stratification and lower
oxygenation of bottom waters in Amundsen Gulf and along Banks Island
coast than the Beaufort Shelf (Magen, 2008; Reagan et al., 2024). The
Mn enrichment observed in our dataset is thus attributed to the low
oxygen consumption rates in the sediments resulting from low organic
matter inputs (MacDonald and Gobeil, 2012; Magen, 2008; Magen et al.,
2010).

The highest trace metal (V, Zn and Cr; Figs. 3 and 9) contents are
found in the western CA subcluster, first because of important inputs
from the Mackenzie River (Vonk et al., 2015) and second because of the
presence of phase carriers (such clays, organic matter, Fe-Mn oxy-
hydroxides) that remove the dissolved trace metals from the water and
scavenge them to the sediments. The Mackenzie River discharges high
contents of fine-grained clay minerals, organic matter and Fe-Mn ox-
ides. It is known that trace elements are preferentially retained in the
fine fraction of sediment, as a relatively high specific surface area favors
their sorption (Chen et al., 2016). However, the moderate negative
correlation between Dgg, and V and Zn highlights the association with
clay minerals and reveals that other variables are influencing the dis-
tribution of metals, such as the sediment composition. Indeed, the
adsorption of V and Zn onto Fe-Mn oxides, as well as their sorption/-
complexation with organic matter, are important processes in the region
(Jensen and Colombo, 2024). As shown by their positive correlation
with Al (Fig. 7a), it is likely that these metals have a lithogenic prove-
nance. However, because Mn is also strongly controlled by redox pro-
cesses, its influence on trace metal distribution is limited. This
observation aligns with findings from the Canadian Arctic waters, where
particulate Fe and V, which correlate with particulate Al, are primarily
controlled by lithogenic sources, whereas the distribution of particulate
Mn is governed by oxidation conditions (Colombo et al., 2021; Jensen
and Colombo, 2024).

High TOC concentrations primarily define the sediments from the
eastern CA subcluster. This sedimentary region is distinct from the
western CA region by a higher contribution of marine organic carbon
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than terrestrial organic carbon (Goni et al., 2013). The locations of the
samples in northeast Baffin Bay correspond to the North Water Polynya
and the Bylot Island-Lancaster Sound Polynyas (Stirling and Cleator,
1981; Hannah et al., 2009), a highly biologically productive region
(Tremblay et al., 2012). The samples located close to Davis Strait exhibit
lower but still higher-than-average TOC contents, indicating less bio-
logically productive conditions. In addition to the relatively high con-
centrations of Si and Al, the sediments from this region are particularly
characterized by high Fe and Ti content. Because Ti is not involved in
any biological or redox processes, it principally indicates a terrigenous
continental source, specifically when associated with Fe (Calvert and
Pedersen, 2007). Several glaciers and icefields are present on Devon
Island, Sirmilik National Park, SE Ellesmere Island (e.g., Manson and
Prince of Wales Icefields) and west Greenland margin, and thus impact
the sedimentation in these areas by generating sediment-laden melt-
water plumes and iceberg rafting. These glaciers erode a mix of the
Precambrian Canadian Shield composed of igneous rocks and gneiss,
and the Arctic platform composed of sedimentary carbonate rocks,
resulting in heterogeneous inputs composed of heavy minerals, quartz,
K-feldspar, plagioclase and detrital carbonates (Marlowe, 1966).

Overall, low concentrations of Zn and V are observed in the eastern
CA subcluster, despite high concentrations of Fe, Ti, and TOC (Figs. 3, 4
and 9). However, Jones Sound exhibits elevated V concentrations
(150-228 pg/g), coinciding with the highest Fe and Mn content. The low
V and Zn content measured in river and glacier samples from the north
coast of Jones Sound (Fig. 3) suggest the absence of significant natural
metal sources in the area. These concentrations are likely explained by
increased scavenging enhanced by metal oxides.

Although Cr concentrations are mostly <DL, some samples display
values between 100 and 135 pg/g in both the Canadian Beaufort Shelf
and eastern CA regions (Fig. 3). These concentrations are twice as high
as those reported in the Chukchi Sea region for the <160 pm sediment
fraction (Cai et al., 2011) and higher than those reported in coastal and
sound areas of northern Baffin Bay. However, these concentrations are
comparable to those observed in deep-water mud from Baffin Bay (<50
pm; Campbell and Loring, 1980; Loring, 1984). In western CA, the
highest concentrations are found close to the Mackenzie River mouth.
Vonk et al. (2015) measured lower concentrations in channel and bank
sediments of the Mackenzie Delta system (67-94 pg/g), but similar
concentrations in shelf and lake sediments (96-141 pg/g) and suggest a
depositional sorting pattern. This implies that there is an enrichment
along the transect of fine particles (clay minerals, organic matter and
metallic oxides) carrying metals such as Cr, leading to their deposition
on the shelf and slope. In eastern CA, concentrations > DL are observed
in central Nares Strait, outer Jones Sound, and northern Davis Strait.
Terrestrial samples from the southern Ellesmere region consistently
show low Cr concentrations. Thus, we infer that higher Cr scavenging by
Fe-Mn oxides and organic matter drives its distribution in these areas.

5.2. Pollution indices

Pollution indices revealed no general enrichment or pollution of V or
Zn in the CA sediments. However, EF and Igeo present divergent results
depending on the geochemical background used. The difference is
clearly visible for V enrichment (Fig. 9), for which the EF presents
moderately severe enrichment in western CA, with UCC as background,
while no enrichment is observed with local geochemical background.
This highlights that the regional concentration in V is naturally high,
most probably related to the discharge of the Mackenzie River, whose
tributaries drain V-rich shales (Yukon Geological Survey, 2023; Yunker
et al., 2011). Thus, the choice of background is an important variable
that can significantly change the conclusions of a pollution study, and
this is especially true in large spatial studies, such as those where
bedrock geology varies greatly. The use of a local, onsite background is
therefore more representative of the geological variability and natural
concentration of the areas. The local background used in this study was
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associated with the chemical clusters identified with surface sediment
data, and the difference between the background values of each cluster
is significant. The V background concentration in CC#3 is indeed twice
the values of the two other clusters. This highlights that the values from
UCC or AS, which are usually suggested for normalization, are therefore
far from the local background values in the CA.

Normalization is a method to consider the natural regional vari-
ability of trace metal content in sediment, like granulometric and
mineralogical variations, to enable the identification and quantification
of anthropogenic metal contributions (Loring, 1991). In the calculation
of EFs, a normalizing element is used to compensate for these variations
(Loring, 1991). Aluminum is commonly used for chemical normalization
because it is a major element in marine sediments (generally composed
of aluminosilicates). Additionally, it remains unaffected by biological,
diagenetic, and anthropogenic processes (Boes et al., 2011). However,
the use of a normalizing element has been criticized because its vari-
ability can be greater than that of the evaluated metal (Desaules, 2012;
Poh and Tahir, 2017; Reimann and de Caritat, 2000, 2005). To evaluate
this, EFs were also calculated with Ti as the normalizer, and the results
were overall similar but noteworthy differences were identified for all
the elements (Fig. S4b). Also, terrestrial sediment samples collected at
southern Ellesmere Island have high EF values because of their low Al
contents. The pollution classification of those sediments was very
different from that of Igeo, which does not use a normalizing element
(Fig. S4a). Thus, our results suggest that the use of EFs can lead to
misinterpretation of contamination in the sediments if the reference
metal/element ratio is not consistent with the natural background (e.g.,
Anderson and Kravitz, 2010; Poh and Tahir, 2017; Reimann and de
Caritat, 2000, 2005; Van der Weijden, 2002).

Another factor to consider when the pollution indices values are
interpreted, especially when deeper sediment values are used as a
background, is the influence of early diagenesis and other geochemical
processes (e.g., bottom scavenging within the nepheloid layer; Casse
et al., 2019) within the sediment. Sediments at certain depths are
naturally enriched or depleted in trace elements due to the dissolution
and precipitation of redox host phases, such as Mn and Fe oxyhydroxides
and sulfides (Kuzyk et al., 2017; Tribovillard et al., 2006). This phe-
nomenon was observed in this study with respect to the Mn distribution,
which presented severe enrichment in Amundsen Gulf sediments due to
Mn remobilization and reprecipitation during early diagenesis. In this
context, and to avoid misinterpretations stemming from early diagen-
esis, depth profiles of elemental concentrations in sediments and pore
water should be used to provide essential information on the natural
enrichment and depletion of trace elements required to assess anthro-
pogenic influence (e.g., Trefry and Neff, 2019).

6. Conclusions

This study presents a vast geochemical survey of the Canadian Arctic,
providing valuable new data on the chemical composition of surface
sediment and new insights into the sedimentary dynamics of the region.
The application of pollution indices in the assessment of sediment
pollution was also studied to review the benefits and drawbacks of the
method.

Geochemical data revealed a large regional variability in the seafloor
composition of the CA, shaped by the regional bedrock geology. Three
chemical clusters define the CA:

1) CC#1 (central CA) is dominated by high detrital carbonate content
originating from the Arctic Platform though coastal erosion and sea
ice transport.

2) CC#2 (southeastern CA: Queen Maud Gulf and the Baffin Island
fjords and bays) is characterized by relatively coarse siliciclastic
sediments influenced by small CA rivers and glaciers from Baffin
Island eroding Canadian Shield rocks.
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3) CC#3 (western and eastern CA) is characterized by sediments rich in
TOC and Fe-Mn oxyhydroxides. The Western CA is highly influenced
by the Mackenzie River discharge, containing high terrestrial organic
carbon as well as lithogenic aluminosilicates and metallic oxides.
The highest content of trace metals (V, Zn and Cr) are observed in
this region and are associated with Fe-Mn oxides and clay minerals
derived from the weathering of shales and siltstones that constitute
the Mackenzie River Basin. In contrast, eastern CA is influenced by
the high primary production of polynyas and glacial discharge from
the surrounding glaciers of Devon and Ellesmere Islands.

Throughout the CA, the pollution indices suggest that trace metals
originate from natural sources and pose a low ecological risk for benthic
or other organisms living near the water-sediment interface. However,
discrepancies were observed in the EF and Igeo results depending on the
background used. Thus, those indices should be interpreted carefully. In
addition, normalization of the metal data with a conservative element in
the EF calculation also revealed several flaws. To avoid potential mis-
interpretations, it is recommended that EFs be validated with different
conservative normalizing elements.

Finally, while pollution indices are useful for identifying elevated
concentrations of trace elements, they should not be solely relied upon
to assess metallic pollution or characterize human contributions in
sediments. A regional geochemical survey, such as the one conducted in
this study, combined with spatial variations in EFs and Igeo, provides a
more comprehensive approach for understanding metal distribution,
natural enrichment/depletion processes, and the impact of human ac-
tivities on trace metal pollution.
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