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ABSTRACT: The physical, sedimentological, mineralogical, and elemental geochemical properties of sediment
cores collected in Smith Bay (22BC and 01PC), and near the front of Mittie Glacier (23BC and 01GC), were used to
reconstruct glacial sediment discharge and trace the long-term composition and provenance of detrital sediments for
the northeastern part of Manson Icefield, southeast Ellesmere Island, over the last 9.2 cal ka BP. The mineralogical
and geochemical signatures of core 01GC support the hypothesis of the gradual opening of Nares Strait between 8.8
and 8.2 cal ka BP and suggest a progressive retreat of glaciers surrounding Smith Bay. Lower sedimentation rates
(<14 cmka™) recorded in core 01GC during the Middle Holocene, combined with the presence of coarse-grained
sediments, indicate a landward retreat of Mittie Glacier and sea-ice free conditions during summer in Smith Bay from
5.4 to 3 cal ka BP. During the Late Holocene, the deposition of six coarse-grained layers close to Mittie Glacier seems
to have been triggered by subglacial lake discharges upstream of its western arm. The only known surge of Mittie
Glacier, recorded between 1992 and 2007, is identified in the core 23BC by a marked increase in coarse-grained

sediment input. © 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.
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Introduction

The Arctic is warming at up to four times the global rate, with
some regions warming by >4°C over the past ~30 years,
driving a dramatic reduction in Arctic sea ice and retreat of
glaciers (e.g., Serreze and Francis, 2006; Serreze and
Barry, 2011; Sharp et al., 2011; Cohen et al., 2014; Huang
et al.,, 2017; IPCC, 2021). The Canadian Arctic Archipelago
(CAA), located north of the Canadian mainland, is covered
by ice caps and icefields over ~15% of its surface, totaling
more than 100 000 km?. It is home to nearly 300 marine-
terminating glaciers (Sharp et al., 2011; Van Wychen
et al.,, 2020), a significant number of which are found
around Manson Icefield (Southeast Ellesmere Island), includ-
ing Mittie Glacier (Copland et al., 2003). Marine-terminating
glaciers, with their front in contact with the ocean, are more
sensitive to environmental changes than land-terminating
glaciers, as they are influenced by both atmospheric and
oceanographic conditions (Cook et al., 2019). However, the
response of CAA glaciers to recent warming is spatially
variable, with the highest retreat rates observed on smaller
ice masses (Thomson et al., 2011; Sharp et al., 2014; White
and Copland, 2018). Despite their importance, long-term
(>50 years) calving rates and sediment fluxes of CAA marine-
terminating glaciers remain poorly documented throughout
the Holocene, and the precise mechanisms (whether atmo-
spheric or oceanic) controlling their frontal changes are not
well understood (Cook et al., 2019). Therefore, a deeper
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understanding of long-term glacial sediment dynamics and
the role of atmospheric and oceanic forcing on marine-
terminating glaciers in the CAA is essential for predicting
future glacier behavior in this polar region.

The configuration and sedimentological structures preserved
in sediment deposits near glacier margins reflect past glacier
dynamics and can be used to reconstruct their variations
and responses to climate and oceanographic drivers during the
Holocene (e.g., O'Regan et al., 2021; Stevenard et al., 2022;
Rodriguez-Cuicas et al., 2023). In this context, the present study
focuses on a set of sediment cores (AMD2103-22BC, -01PC/
TWC, -23BC, and -01GC) collected across Smith Bay in summer
2021 (Figs. 1(A) and 2(A)). This bay provides a good location to
record temporal variation in glacial sediment discharge from
Mittie Glacier and northeastern Manson Icefield beyond the
instrumental record, as well as oceanic influences from the West
Greenland Current (WGC) and Arctic Surface Water (ASW).
A multiproxy approach, including ?'°Pb measurements and
radiocarbon dating, along with analyses of physical, sedimento-
logical, mineralogical, and elemental geochemical properties, is
combined to: (1) reconstruct the long- and short-term changes
in detrital sediment transfer from Mittie Glacier related to climate
variability since the last deglaciation; (2) determine how
changing climatic and oceanic conditions during the Holocene
influenced sediment dynamics in the bay; and (3) assess the
significance of recent glaciological changes on northeastern
Manson Icefield.

This study complements previous paleoclimate and paleoen-
vironmental research conducted in northern Baffin Bay (e.g.,
St-Onge and St-Onge, 2014; Georgiadis et al., 2018; Jennings
et al.,, 2019; Caron et al.,, 2020; Stevenard et al., 2022;
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Okuma et al., 2023) and provides new insights into the past
dynamics of Mittie Glacier. By analyzing dominant sedimentary
processes in Smith Bay, we also refine our understanding of its
connection to regional climate history throughout the Holocene.

Regional settings
Geology, oceanography, and climate

Smith Bay is located northeast of Manson Icefield, between
Makinson Inlet and Baffin Bay, and is surrounded by multiple
marine-terminating glaciers (Harrison et al., 2015). The
bedrock geologic units around Smith Bay vary in age from

Archean to Paleozoic (Fig. 1(A); Brown, 1972; Harrison
et al., 2015). Bordering Smith Bay and the eastern part of
Makinson Inlet, the exposed ice-free areas are Archean to
Paleoproterozoic in age. These crystalline shield rocks related
to the Ellesmere-Inglefield Mobile Belt are mainly composed of
granite, granitoid, and paragneiss, which are rich in quartz,
plagioclase, and K-feldspar (Brown, 1972; Harrison
et al., 2015). The bedrock on the western side of Makinson
Inlet consists of extensive Paleozoic carbonates, siliciclastic
rocks, and evaporites, rich in calcite, dolomite, and quartz
(Brown, 1972; Harrison et al., 2015). The present-day
sediments, namely tills, silts, and clays found around Manson
Icefield and on the Smith Bay seafloor, are mainly derived from
glacial erosion of surrounding landmasses. These sediments
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Figure 1. Maps of study area. (A) Topobathymetric (IBCAO; Jakobsson et al., 2020) and geological map (Harrison et al., 2015) of northern Baffin Bay with
major surface currents. Red arrows represent warm surface currents (>2°C), and blue arrows represent cold Arctic Surface Water (ASW)
(<=1°C). The blue dashed line represents the NOW (North Water Polynya) area. WGC =West Greenland Current; BIC =Baffin Island Current;
LS = Lancaster Sound; JS =Jones Sound; SS = Smith Sound; KB = Kane Basin; KC = Kennedy Channel; MIF =Manson Icefield; POW = Prince of Wales
Icefield; DIC = Devon Ice Cap; AIC = Agassiz Ice Cap. Cores studied or cited in this paper are marked by circles: green for 22BC = AMD2103-22BC and
01PC =AMD2103-01PC/TWC, pink for 23BC=AMD2103-23BC and AMD2103-01GC, gray for 02BC=AMD1803-02BC and AMD1803-01PC
(Stevenard et al., 2022) and Kane2B = AMD14-Kane2B (Caron et al., 2019, 2020; Georgiadis et al., 2018). MODIS satellite images from (B) 29 August
2021, (C) 17 September 2022, and (D) 5 September 2023 showing snapshots of the sea ice and iceberg distribution around Mittie Glacier (source: NASA
Worldview) with the location of cores 22BC-01PC (green circle), 23BC-01GC (pink circle). [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 2. (A) Sentinel-2 satellite image from 23 August 2021 (Source: Nasa Worldview, https://worldview.earthdata.nasa.gov/) showing a snapshot of Smith
Bay as well as the bathymetry and the location of the cores in this study. The colored lines indicate the positions of the ice margin in 1959 based on air photos
from the National Air Photo Library (Ottawa) and in 2000 and 2021 based on satellite imagery acquired by Landsat 7 ETM+ and Landsat 8 OLI sensors
downloaded from the United States Geological Survey Earth Explorer (https:/earthexplorer.usgs.gov/). (B) Temperature and salinity profiles from CTD
(conductivity, temperature, and depth) casts taken during the 2021 Amundsen expedition at the core locations of 01PC—Smith Bay (2021-09-02) and
01GC—Mittie Glacier (2021-09-03). SW: Surface Water, ASW: Arctic Surface Water, and WGIW: West Greenland Intermediate Water. (C-D) Sub-bottom
profiles at the coring stations in Smith Bay with the position for each core (22BC, 23BC, 01GC, 01PC/TWC). [Color figure can be viewed at

wileyonlinelibrary.com]

result from various sedimentary processes, including ice-rafted
debris (IRD), glaciogenic debris flows, meltwater plumes, and
turbidity currents (e.g., Marlowe, 1966; Hiscott et al., 1989; o)
Cofaigh et al., 2003; Simon et al., 2014; Andrews et al., 2018;
Stevenard et al., 2022).

Before 2021, little was known of the bathymetry or
oceanography of Smith Bay (Fig. 2(A)—(D)), except for a single
multibeam line completed during the 2008 expedition of the
CCGS Amundsen (Amundsen Science, 2008). The circulation
of water masses in Canadian Arctic fjords is generally
controlled by freshwater input, the presence or absence of a
bathymetric sill, and sea-ice cover. In Smith Bay (Fig. 2(B)), the
temperature-salinity profiles show three layers. A surface layer
(SW) dominated by relatively fresh water (and ice) coming
from the glacierized landmasses surrounding the bay
(Amundsen Science, 2021), the Arctic Surface Water (ASW)
from ~50 to 250m, characterized by cold temperatures
(=1.1°C to —0.3°C) and low salinity (33 to 34 psu), and the
West Greenland Intermediate Water (WGIW) from ~250 and

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

743 m, characterized by relatively warm (-0.3°C to —0.8°C)
and saline waters (~34 psu). These layers are in accordance
with those reported by Sadler (1973) in Makinson Inlet and by
Tang et al. (2004) in northern Baffin Bay. Locally, the tidal
range impacting glacier fronts in this region has a small
amplitude of 1 to 1.20 m (Dunphy et al., 2005; Vincent and
Marsden, 2008) and is not believed to have a significant
impact on iceberg calving events (Dalton et al., 2019). The
swath-bathymetry shows no evidence of a sill at the entrance
of the bay, allowing exchange of sea water and quasi-
continuous circulation at depth (Fig. 2(A)).

In the area, summers (June—August) are cool and short, with
an average temperature of 2.7°C recorded at the Grise Fiord
meteorological station in 2023. In contrast, the rest of the year
(September—May) is characterized by cold temperatures,
averaging —18.6°C in 2023 (https://climate.weather.gc.ca).
These temperature conditions allow Smith Bay and Makinson
Inlet to remain covered by sea ice from September to May.
The sea ice typically begins to break up in June, starting from
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the outer regions and progressing inward. In recent years
(2014-2023, except for 2016 and 2021), the bay remained
blocked by coastal ice during July and only began to break up
at the end of August (Fig. 1(B)-(D); https://worldview.
earthdata.nasa.gov/).

Mittie Glacier: a surge-type glacier

Glacier surging describes ice motion variations characterized
by cyclical variations, with a long-lived quiescent phase of
slow ice flow followed by short-lived active periods of
significantly accelerated ice flow (e.g., Meier and Post, 1969;
Raymond, 1987; Dowdeswell et al., 1991; Copland
et al., 2003). Only ~1% of the world’s glaciers have been
observed actively surging (Jiskoot et al., 1998; Sevestre and
Benn, 2015), with surge-type glaciers seeming to occur within
an optimal climatic envelope defined by temperature and
precipitation thresholds (Sevestre and Benn, 2015). The
highest concentration of surge-type glaciers in the CAA is
found in the southeastern part of Ellesmere Island, specifically
on Manson Icefield (Copland et al., 2003, 2024). Mittie
Glacier (Fig. 2(A)), the largest surge-type glacier in the area,
surged between approximately 1992 and 2007 (Copland
et al., 2003, 2024; Sharp et al., 2011), advancing >7 km
between 1994 and 1999. During this period, the glacier
experienced thinning of 10 to 25 m over its lower parts and
surface velocities reaching a peak of 4800m a~' (Copland
et al., 2003, 2024). Today, Mittie Glacier is in a quiescent
phase and retreating, with a net area loss of ~2km2a™
between 2000 and 2020 (Van Wychen et al., 2014; Kochtitzky
and Copland, 2022).

Recently, Gray et al. (2024) identified a 52 km? subglacial lake
in an enclosed basin to the west of Mittie Glacier, fed by several
converging ice tongues. The glacier surface overlying the lake
dropped in elevation by >140m over a period of ~30 days in
early 2021, implying an outburst flood of ~4 km?. Identification
of post-outflow crevassing on satellite imagery and height
changes on the ASTER Digital Elevation Model show evidence
that these subglacial outflows have recurred on an approximately
14-year cycle, with previous drainage events in 1993 and
2007-2008 prior to the most recent one (Gray et al., 2024).

Holocene history in northern Baffin Bay and Nares
Strait

From the Last Glacial Maximum to the beginning of the Early
Holocene, the Laurentian (LIS), Innuitian (1IS), and Greenland
(GrlIS) ice sheets (Dyke et al., 2002; England et al., 2006;
Dalton et al., 2020) formed a continuous ice belt across the
CAA. By expanding into fjord systems and filling major marine
channels such as Nares Strait, Smith or Lancaster Sounds
(Dyke et al., 2002; Dalton et al., 2020), these ice sheets
prevented the influx of Arctic Ocean water and ice into Baffin
Bay (Dyke et al.,, 2002; Knudsen et al., 2008; Jennings
et al., 2011; Pienkowski et al., 2013). Warmer temperatures
during the Early Holocene due to high summer insolation

Table 1. Summary of core stations.

(Laskar et al., 2004) triggered the retreat of the LIS, 1IS, and
GrlS, leading to a progressive opening of the oceanic
connections between the Arctic Ocean and Baffin Bay,
beginning with the deglaciation of Lancaster Sound at
13.5cal ka BP (Dalton et al., 2020; Kelleher et al., 2022;
Okuma et al., 2023) and Barrow Strait at 11.5cal ka BP
(Pienkowski et al., 2012, 2013). The deglaciation progressed
from Smith Sound around 11.15 to 10.4 cal ka BP to the north
of Nares Strait (Jennings et al., 2011). At 9.0 cal ka BP, Kane
and Hall basins opened simultaneously as evidenced by
Georgiadis et al. (2018) and Caron et al. (2019, 2020). With
the separation of the IIS and the GrlS, the final opening
connecting the Arctic Ocean to Baffin Bay occurred in
Kennedy Channel between 8.5 and 8.3 cal ka BP (Jennings
et al., 2011, 2019; St-Onge and St-Onge, 2014; Georgiadis
et al., 2018). Following a decreasing boreal summer insola-
tion, proxy reconstructions show a gradual cooling in air
temperatures during the Middle to Late Holocene (Marcott
etal., 2013), referred to as Neoglacial cooling that culminated
during the Little Ice Age (LIA) and promoted the regrowth of
the glaciers across northern Baffin Bay (Kaufman et al., 2009;
St-Onge and St-Onge, 2014; Solomina et al., 2015; Briner
et al., 2016). Since the end of the 19th century, a rapid
increase in air temperatures has caused a recession of most
CAA glaciers as well as a reduction in the duration and extent
of sea-ice cover (e.g., Miller et al., 2005; Carr et al., 2013;
Noél et al., 2018; Cook et al., 2019; Ciraci et al., 2020; Van
Wychen et al., 2020; Kochtitzky and Copland, 2022).

Material and methods
Coring and sampling

Sediment cores were recovered in Smith Bay during the 2021
ArcticNet expedition onboard the Canadian Coast Guard Ship
(CCGS) icebreaker Amundsen (Fig. 2(A)). Coring sites were
determined using high-resolution seismic profiles and swath-
bathymetric data to identify areas with continuous Holocene
sequences showing no mass movements or sediment perturba-
tions (Fig. 2(C),(D)). Cores AMD2103-22BC (22BC) and
AMD2103-01PC/TWC (01PC/TWC) were collected at the
entrance of Smith Bay, while cores AMD2103-23BC (23BC)
and AMD2103-01GC (01GC) were collected near the front of
Mittie Glacier (Table 1). Subsampled 1-cm-wide sections were
taken at each centimeter for cores 22BC and 23BC, whereas
they were taken at ~4 cm intervals for core 01GC and ~4-8 cm
intervals for core 01PC.

Physical and chemical properties

All cores were scanned with a GEOTEK X-CT system to
acquire digital X-ray images useful to identify facies and
sedimentary structures (St-Onge et al., 2007). The wet bulk
density on whole cores was measured at 0.5 cm intervals for
cores 22BC, 23BC, 01GC, 01TWC, and at 1 cm intervals for
core 01PC, using a GEOTEK Multi-Sensor Core Logger (MSCL).

Core ID Location Latitude (°N)  Longitude ("W)  Water depth (m)  Core length (cm)  Date of collection (yyyy-mm-dd)
AMD2103-22BC Smith Bay 77.196 78.590 761 49 2021-09-02
AMD2103-01PC Smith Bay 77.195 78.586 758 600 2021-09-03
AMD2103-01TWC Smith Bay 77.195 78.586 758 169 2021-09-03
AMD2103-23BC Mittie Glacier 76.999 79.016 210 65 2021-09-03
AMD2103-01GC Mittie Glacier 76.999 79.017 209 227 2021-09-03

BC =box core; GC = gravity core; PC = piston core; TWC = trigger weight core.
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The wet bulk density depends significantly on the grain size
and mineral composition of sediments and is thus a good
indicator for lithological and porosity changes (St-Onge
et al., 2007). The cores were then split and visually described,
and high-resolution digital color photographic images (HRP)
were taken using a GEOTEK Geoscan IV imagery system. Next,
the cores were analyzed one more time with the MSCL to
measure the low-field volumetric magnetic susceptibilities
(kep), diffuse spectral reflectance parameters, and chemical
composition via portable X-ray fluorescence (pXRF) at 0.5 cm
intervals for cores 22BC, 23BC, 01GC, 01TWC, and at 1 cm
intervals for core 01PC. The diffuse spectral reflectance giving
the sediments colors was obtained using a portable Minolta
CM-2600d online spectrophotometer coupled to the MSCL.
Sediment color is expressed according to the L* (total
reflectance), a*, b* color space of the International Commis-
sion of Light (e.g., St-:Onge et al., 2007). Only the L* and a*
indexes will be used in this study. L* ranges from 0 (black) to
100 (white) and a* from —60 (green) to +60 (red) (e.g., St-Onge
et al., 2007; Debret et al., 2011). The relative elemental
composition (including Al, Si, Ti, Ca, K, Fe, Mn, Zn, Rb, Sr, Zr)
of sediment cores was analyzed using an energy-dispersive
Olympus Innov-X DELTA pXRF analyzer integrated with the
MSCL and equipped with a 40 kV rhodium anode X-ray tube.
The pXRF analyzer was calibrated using the Olympus Innov-X
standard alloy #316. Elemental concentrations obtained in
parts per million (ppm) were subsequently converted to weight
percent (wt.%) using the conversion factor 1 wt.% = 10000
ppm, to facilitate interpretation and visualization.

Quantitative X-ray diffraction mineralogy and
sediment sources

The quantitative X-ray diffraction mineralogy (QXRD) of the
<2mm bulk sediment fraction is used to determine the
potential sources of sediments and to identify changes in their
provenance during the Holocene. The gXRD of the samples
was analyzed following the method developed by Eberl
(2003). Sample preparation was undertaken by grinding 1g
of dry sediment spiked with 0.25 g of corundum in a McCrone
micronizing mill with 5 mL of ethanol for 7 min. The slurry was
air-dried overnight before 0.25 mL of Vertrel was added to
the mixture to prevent the agglomeration of finer particles.
Next, the sample was sieved (<500 um), backloaded into the
holders, and analyzed on a PANalytical X'Pert Powder
diffractometer. The samples were scanned between 5° and
65° two-theta with a step of 0.02° two-theta, and a count time
of 2s per step. The quantification was established by
converting the intensity data into mineral weight percentage
(wt.%) using the powdR software (Butler and Hillier, 2021).
This fitting method allows quantification of the mineralogy in a
sample with an average absolute bias of 0.6% for non-clay
minerals, 2% for clay minerals, and 5% for amorphous phases
(Omotoso et al., 2006; Butler and Hillier, 2021). The principal
minerals that were quantified by this method comprise
amphibolite (Am), biotite (Bt), calcite (Cal), chlorite (Chl),
dolomite (Dol), Fe-bearing (Fe.b; magnetite, hematite), illite
(I, including muscovite), K-feldspar (Kfs), kaolinite (KlIn),
plagioclase (Pl), pyroxene (Px), quartz (Qz), smectite (Sme),
and vermiculite (Vm). The calculated total mineral wt.% was
normalized to a sum of 100%.

To quantitatively assess downcore changes in bulk sediment
provenance, we used the nonlinear unmixing Excel macro
SedUnMix (Andrews and Eberl, 2012; Andrews et al., 2015, 2016).
SedUnMix was run with normalized data for principal minerals
that collectively accounted for >85% of the total mineral
concentration in the sediment samples. Based on surface geology

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

(e.g., Brown, 1972; Harrison et al., 2015), sediment transport
pathways (e.g., Tang et al., 2004), and recent sediment
provenance studies conducted in northern Baffin Bay (e.g.,
Andrews et al., 2015, 2018; Jennings et al., 2019, 2022; Caron
et al., 2020; Stevenard et al., 2022), we propose that Late
Quaternary sediments near Mittie Glacier and Smith Bay
represent a mixture of two primary source areas: (1) Ellesmere-
Inglefield Mobile Belt characterized by plagioclase and feldspar-
dominated sediments (Stevenard et al., 2022); and (2) eastern
Ellesmere Island, where detrital carbonates, primarily calcite and
dolomite, dominate (Bicera-Nfundiko, 2024).

Grain size analysis

Grain size analyses (<2 mm fraction) were performed at 1 cm
resolution in cores 22BC and 23BC and ~1-4 cm resolution in
cores 01PC/TWC and 01GC using a Malvern-Panalytical
Mastersizer 3000 particle-size analyzer equipped with a
Hydro LV module and following the instrumental conditions
outlined in Belzile and Montero-Serrano (2022). Samples were
pretreated with 10 mL of hydrogen peroxide (H,O,; 30%) to
remove organic matter and isolate the detrital fraction of the
sediment, diluted with ~20 mL of Calgon solution (1% sodium
hexametaphosphate), sieved at <2mm, and disaggregated
using an in-house rotator for 12 h prior to analysis. The grain
size composition (clay, silt, and sand) and statistics (e.g., Do)
were processed using the GRADISTAT software version 9.1
(Blott and Pye, 2001). The sortable silt mean size (59,
corresponding to the mean grain-size of the noncohesive silt
fraction (10-63 pm) and the percentage of sortable silt (S5%) in
the <63 um fraction, was calculated following the method
described in McCave and Andrews (2019a) to provide insight
into sediment transport by near-bottom currents. In addition,
the IRD abundance was quantified by counting the gravel-
sized clasts >2mm on the X-CT scans of the cores in
contiguous 2-cm windows (Grobe, 1987).

Chronology

The chronology of the sediment cores 01PC and 01GC was
constrained by eight accelerator mass spectrometry (AMS)
radiocarbon ('*C) ages (Table 2). A total of seven shell samples
were analyzed at the A.E. Lalonde AMS laboratory (University
of Ottawa, Canada), while a small quantity of mixed benthic
foraminifera sample was analyzed using a Mini-Carbon-Dating-
System (MICADAS) at the Alfred Wegener Institute—Helmholtz
Center for Polar and Marine Research (Bremerhaven, Germany).
Based on a recently published revised regional marine reservoir
correction (AR) values from Arctic North America for the
Marine20 calibration curve (Pearce et al., 2023), the resulting
1C ages were calibrated using the Marine20 data set (Heaton
et al., 2020) with a AR of 71 +69 years (Table 2). This AR
considers the confluence of AW and the WGS in Smith Bay,
which has different AR values. The chronology of short
sediment cores (22BC and 23BC) was assessed by 2'°Pb
measurements (Table S1). Before the analysis, sediment samples
were sieved through a 150-um Nitex® mesh, oven-dried (60°C),
and crushed and homogenized with an agate mortar. The
sediment samples were sieved to prevent biases in ?'°Pb data
linked to bulk grain size variations. *'°Pb measurements were
performed at the Geotop Research Center (Montréal, Canada)
by alpha spectrometry (Ghaleb, 2009).

Age modeling

Box and trigger weight corers are designed to recover a
relatively undisturbed sample of the sediment-water interface.

J. Quaternary Sci., Vol. 40(7) 1191-1211 (2025)

95UD|7 SUOWIIOD AIERID 3|qedl|dde au Aq peusenoB a1e sajaiLe WO ‘SN Jo sa|ni o AriqiTauluO A9|IA UO (SUONIPUOD-PUE-SWLBYWOY" AS | 1M Aleiq 1 BU|UO//SANY) SUONIPUOD pUe SIS 1 aU) 89S *[G202/0T/6T] uo AriqiTauliuo A9|1m ‘S000. SbI/Z00T 0T/I0p/LIod A8 |Im Aleig i put|uoy/Sdy Wouy papeojumoq ‘. ‘G20e LTy T660T



1196 JOURNAL OF QUATERNARY SCIENCE

Table 2. Accelerator mass spectroscopy (AMS) radiocarbon dates and calibration for cores 01PC and 01GC.

AR=71+69 cal yr BP

Laboratory number  Core Material Depth in core (cm)  '*C age (yr BP)  Median probability Range 26

12381.1.1%* 01GC Mixed-benthic foraminifera 120-124 3129 + 60 2755 2501-3063
UOC-21665 01GC  Mollusc shell (Macoma calcarea) 200.5-202.5 8243 +18 8410 8199-8595
UOC-21666 01GC  Mollusc shell (Macoma calcarea) 218-219 8541+ 18 8920 8692-9158
UOC-22237 01PC Shell fragment 266 4130+ 19 3553 3522-3956
UOC-21670 01PC Gastropod fragment 375 4942 +15 4880 4709-5042
UOC-21671 01PC Shell fragment 416-417 5225+ 16 5243 5077-5392
UOC-21672 01PC Shell fragment 470 5552+ 16 5638 5491-5796
UOC-21673 01PC Shell fragment 572 6088 +17 6368 6203-6575

The ages were calibrated using rbacon and the Marine20 calibration curve.**Sample analyzed with a Mini-Carbon-Dating-System (MICADAS) at the

Alfred Wegener Institute (Bremerhaven, Germany).

Thus, we estimated the absence and deformation of sediments
at the tops of the piston and gravity cores based on the
correlation of k ¢ and b* profiles for cores 22BC and 01PC/TWC
and of kg and In(Fe/Ca) profiles for cores 23BC and 01GC
(Fig. S1). These correlations suggest a slight compaction at
the top of core 01PC, with no material lost during coring. In
contrast, about 15 cm of sediments are missing in the upper part
of core 01GC, with deformations due to compaction during
coring. Therefore, 22BC-01PC/TWC and 23BC-01GC were
combined, respectively, into two composite sequences: 01SBCS
and 0TMCS. The upper 32 cm of core 01SBCS corresponds to
core 22BC, and the rest of the sequence corresponds to core
01PC (32-612cm). In core 0TMCS, the upper 51 cm corre-
sponds to core 23BC, and the rest corresponds to core 01GC
(51-256.5 cm). The age-depth models were generated using the
corrected composite depths.

The Short-Lived Radionuclide Chronology (SERAC) R
package and the Constant Flux Constant Sedimentation (CFCS)
model—assuming no mixing or Pb diffusion in the sediment
(Bruel and Sabatier, 2020)—were used to construct the
219b-based age model for cores 22BC and 23BC. These
results, combined with radiocarbon dating, were then pro-
cessed using the R package “rbacon” (version 3.3.1; Blaauw
and Christen, 2011) to generate the most robust age-depth
model for the composite sequences 01SBCS and O01MCS.
The rbacon package estimates the best-fit (or weighted mean)
age for each depth with a 95% confidence interval using a
Bayesian approach.

Results and interpretation
Geochemical and mineralogical characteristics

A boxplot of the major element compositions (pXRF) of bulk
sediments for all cores is dominated by Si (~0.5%-15%),
Al (~0.3%-2.8%), K (~0.3%-3%), Ca (~0.7%-10.3%), Ti
(~0.09%-0.9%) and Fe (~3.7%-7.2%) while Mn, Rb, Sr, Zr,
and Zn show lower concentrations (<0.1%) (Fig. 3(A)).
Furthermore, the boxplot of gXRD data of the overall bulk
sediment fraction illustrates that cores are dominated by
Pl (11%-39%), Kfs (10%-22%), Qz (8%-21%), Cal+Dol
(00/0—280/0)/ Bt+Chl (5%-1 70/0), Sme (0%-1 70/0), I1+Ms
(2%-17%) and Vm (0%-9%), and by lower proportions
(<5%) of Am, Px, Fe-b minerals, and KIn (Fig. 3(B)). In
general, Pl, Kfs, Qz, Cal+Dol, Bt+Chl, Sme, Ill+Ms, and Vm
represent >90% of the overall mineral concentration in all
sediment cores. The ternary plot Pl+Kfs—Cal+Dol-Bt+Chl and
the boxplots indicate that, in general, cores located closer to
Mittie Glacier (23BC and 01GC) contain higher proportions of

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Pl, Kfs, Qz, Bt+Chl, and Px, whereas cores farther into Smith
Bay (22BC and 01PC) exhibit higher proportions in Cal+Dol,
Sme, Ill+Ms, Vm, Am and Kln (Fig. 3(B),(C)). Although slight
variations exist in mineral proportions, the main sediment
source comes from the Ellesmere-Inglefield Mobile Belt.
However, at the base of core 01GC (216-225 cm), analysis
of the IRD fraction (>2 mm) shows that the dominant source
was Eastern Ellesmere Island carbonates (Figs. 3(C) and 5).

Grain size distribution and sortable silt

The grain size distributions indicate that the cores are
dominated by fine-grained sediments consisting of silts and
clays (~94%), with some intervals composed of medium
to coarse sand (Figs. 4 and 5). The vertical profiles of Dgg in
the sediment cores show mean values ranging from 35 to
63 um, with the highest values, 297 um and 264 um, found in
cores 23BC and 01GC, respectively (Fig. 5). A good positive
coefficient of correlation between 5SS and SS%, including
intervals composed of medium to coarse sand, was obtained
for all the cores (r=0.72, n=49 for 22BC; r=0.85, n= 149 for
01PC; r=0.78, n=65 for 23BC; r=0.90, n=85 for 01GC). In
the cores, up to 86% of the data exhibit a five-point running
downcore correlation (r.,,) greater than 0.5 between SS and
SS%, suggesting that the sortable silt record is generally
well sorted by bottom currents (Fig. S2). Exceptions occur in
intervals dominated by medium to coarse sand, particularly at
the top of cores 23BC and 01GC, where current sorting is less
reliable. These findings support the use of the sortable silt
record as a proxy for bottom current strength in Smith
Bay area.

Sedimentary lithofacies

Five sedimentary lithofacies (LF; Figs. 4, 5, 7, S3 and S4) were
identified in ice-distal (Smith Bay; LFSB) and ice-proximal
(Mittie Glacier; LFM) sediment cores based on visual core
descriptions, high-resolution core imagery, X-CT scan images,
physical and geochemical properties, grain size parameters,
and mineralogical data.

Ice-distal settings (cores 22BC and 01PC)

LFSB1 (600-230 cm; 6.6 to 3.2 cal ka BP), recognized in the
lower part of core 01PC, is an olive brown (2.5Y 4/3) silty mud
with few disseminated gravel-sized clasts (Fig. 4). Slight
bioturbation and a few pyritized microfaunal burrows can be
observed. Two subunits are recognized, separated by a
transition from higher to lower values of kg, a*, In(Ca/K),
and In(Zr/Rb), and by a continuous increase in Doy and SS
values. LFSB1a (600-440 cm) is marked by the presence of
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planar light-colored centimeter-scale laminae and pyritized
microfaunal burrows only visible on the X-CT scans (Fig. 4).
Few laminations are enriched in Ca, as shown by a punctual
increase in In(Ca/K). In LFSB1b (440-230 cm), the millimeter to
centimeter-scale laminations disappear, the grain size percent
shows a slight increase in coarse silt and sand, but little to no
variation in all the detrital proxies is observed. The provenance
of the sediments is half originating from Ellesmere-Inglefield
Mobile Belt and half originating from Eastern Ellesmere Island
carbonates. Overall, LFSB1 seems to record a period influ-
enced by meltwater outwash dominated by suspension settling
in an ice-distal environment (O’Regan et al., 2021).

LFSB2 (core 01PC: 230-0 cm, core 22BC: 49-0 cm; 3.2 cal
ka BP to present day) is an olive brown (2.5Y 4/3) silty mud
with disseminated gravel-sized clasts interpreted as IRD
(Fig. 4). In this lithofacies, an increase in the k¢, a*, and the
percentage of PI+Kfs is correlated with a decrease in Do, SS,
In(Zr/Rb), In(Ca/K) values, and the percentage of Cal+Dol
(Fig. 4). Both cores show decreased k¢ values at the top, likely
due to higher water contents (~60%) in the sediments.
The sedimentary sources reverse and become mainly derived
from Manson Icefield around 160 cm (~2.1 cal ka BP). The
percentage of sand and Dgg show higher values between 220
and 150 cm, before decreasing steadily towards the top of the
cores (Fig. 4). In core 01PC, the amount of IRDs suddenly
increases to around 115 cm and remains high to the top of the
core; a quite large quantity of IRD is also observed in core
22BC. Additionally, in core O1PC, two pluri-centimetric

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

granitic rocks can be seen on the HRP and X-CT scans at
approximately 215-218cm and 114-125cm (Fig. 4). The
variations observed in the interval between 230 and 150 cm
suggest a distal glacial marine setting influenced by meltwater
outwash and sea-ice rafting (e.g., Powell, 1981; Stevenard
et al., 2022). An increase in fine silt-sized particles and Pl
content, along with the appearance of redder lithologies in
the upper 150 cm of the unit, indicates enhanced delivery of
rock-flour-rich meltwater from the Manson Icefield into Smith
Bay. These changes suggest intensified subglacial erosion and
meltwater discharge (e.g., Dowdeswell et al., 2015; Stevenard
et al., 2022; Rodriguez-Cuicas et al., 2023). The uppermost
sediments are also characterized by a heterogeneous assem-
blage of coarse clasts within a finer-grained matrix, consistent
with increased IRD deposition during episodic calving from
the marine-terminating margin of the Manson Icefield.
Together, these sedimentological features reflect a dynamic
glacial regime characterized by both meltwater discharge and
episodic iceberg calving.

Ice-proximal setting (cores 23BC and 01GC)

LFM1 (225-200cm; 9.2 to 8.4 cal ka BP) is an olive brown
layer (2.5Y 4/3) consisting of clast-rich silty to sandy diamict as
evidenced by the X-CT scans, the IRD count, and the grain size
percentage (Fig. 5). The SS profile displays consistently low
values (~22 um), indicating stable near-bottom current inten-
sity. This lithofacies displays the highest values of the detrital
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Figure 4. High-resolution core photography, X-CT image, magnetic susceptibility (k.f), a*, grain size distribution, IRD counts (>2 mm fraction),
Dgo (um), mean size of sortable silt fraction (SS), chemical and mineralogical tracers, SedUnMix results with the proportions of sediment from
Eastern Ellesmere Island carbonates (blue) and Ellesmere-Inglefield Mobile Belt (gray), and sedimentary units of cores 22BC and 01PC. The
vertical lines represent the median of the data for each proxy. Red triangles represent levels of radiocarbon ages; blue triangles represent the
levels of 2'°Pb dates. The black dots on the SS curve represent samples that do not pass the reliability test of a downcore correlation coefficient
>0.5 between S5 and SS%. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 5. High-resolution core photography, X-CT image, magnetic susceptibility (ki¢), a*, grain size composition, IRD counts (>2 mm fraction),
Dy (M), mean size of sortable silt fraction (SS), chemical and mineralogical tracers, SedUnMix results with the proportions of sediment from Eastern
Ellesmere Island carbonates (blue) and Ellesmere-Inglefield Mobile Belt (gray), and sedimentary units of cores 23BC and 01GC. The vertical lines
represent the median of the data for each proxy. Red triangles represent levels of radiocarbon dates; blue triangles represent the levels of 2'°Pb dates.
Rapid deposited layers (RDLs) are numbered and highlighted in gray boxes. The black dots on the SS curve represent samples that do not pass the
reliability test of a downcore correlation coefficient >0.5 between S5 and SS%. [Color figure can be viewed at wileyonlinelibrary.com]

carbonate content of all the cores studied (up to 30%). The
mineralogical assemblage indicates that the main sediment
source up to ~220cm comes from the Eastern Ellesmere
Island carbonates (~50%-65%), before shifting to the

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Ellesmere—Inglefield Mobile Belt source (~40%-60%) (Fig. 5).
The transition from LFM1 to LFM2 is smooth with a progressive
decrease in the Dgo, grain size, and the detrital carbonate
content. LFM1 is interpreted as a mix of sediments deposited
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close to the grounded ice position of Mittie Glacier and
ice-rafted material deposited by icebergs and sea ice coming
from outside Smith Bay.

LFM2 (200-91 cm; 8.4 to 1.8 cal ka BP) is a coarse-grain
mud slightly bioturbated according to X-CT scans (Fig. 5).
The physical properties are characterized by a high but
constant k¢ and a gradual decrease in a*. Initiated in LFM1,
the decrease in In(Ca/K) and Cal+Dol continues, but the
mineralogical assemblage becomes enriched in Pl+Kfs.
The sediments are mainly composed of a mix of sand, coarse,
and medium silts. SS values increase and reach high values
(~24 pm) in LFM2, suggesting the presence of strong near-
bottom currents at that time. The IRD count shows an increase
of millimeter—centimeter clasts toward the top of the lithofacies
with a centimeter-sized rock around 138-144 cm and some
rock fragments around 112-120 cm (Fig. 5). LFM2 could be

deposited by a continuous supply of rather coarse particles by
meltwater plumes from the grounding line during IS retreat.
LFM3 (core 01GC: 91-0 cm, core 23BC: 65-0cm; 1.8 cal ka
BP to present day) is divided into two sub-lithofacies. LFM3a is
composed of grayish brown (2.5YR 5/2) to light brownish gray
(2.5Y 6/2) silty to sandy mud with bioturbation and disseminated
gravel-sized clasts. The transition between LFM3a and LFM3b is
made by a change in sediment color and granulometry. LFM3b is
mainly composed of grayish brown (10YR 5/2) clayey silts with
light brownish gray (2.5Y 6/2) silty to sandy centimeter-scale
laminations with a high proportion of medium- to coarse-grained
sediments (Dgg=41-297 pm; Fig. 5) and disseminated gravel-
sized clasts interpreted as IRD. This facies is characterized by the
occurrence of six rapidly deposited layers (RDLs; Figs. 5 and 6):
RDL6 (6-8cm), RDL5 (15-22cm), RDL4 (30-34cm), RDL3
(4246 cm), RDL2 (48-56cm) and RDL1 (62-72cm). Their
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identification was established by a sharp increase in the physical,
geochemical, and mineralogical parameters along with the grain
size (Dgo and S9) data. RDL1 displays a normal grading sequence,
while RDL2 to RDL6 display a laminated inverse grading
sequence. X-CT scan images and the number of >2 mm clasts
show that gravel-sized clasts are more frequent between
54-50 cm, 38-34 cm, and 12-2 cm (Fig. 5). Generally decreasing,
the SS values display punctual, short, and rapid increases
concomitant with the deposition of the RDLs, suggesting the
deposition of the RDL is linked to the occurrence of short events
of strong near-bottom currents. LFM3 was likely deposited during
a period of higher input of glacial meltwater outwash.

Chronology

The ?'°Pb activity profiles of cores 22BC and 23BC (Fig. S5)
show an exponential decay for both cores with *'°Pb
supported values of 32.3 and 33.6 Bq kg™, respectively. These
219} supported values are consistent with those observed in
the Smith Sound region that range between ~20-30 Bq kg™
(e.g., Bailey et al., 2013; Ribeiro et al., 2021).

The age model for the composite core 01SBCS indicates that
sediments span the last 6.6 cal ka BP, with a median calculated
sedimentation rate of ~100cmka™' (Figs. 8(A) and S5(A)). This
model reveals three major changes in sedimentation rates
throughout the Holocene: a high sedimentation rate of
141-97 cmka™" during the Middle Holocene (6.6 to 3.8 cal ka
BP; 612-281 cm depth), a decline followed by a stagnation of
64 cmka™' during the Middle to Late Holocene (3.8 cal ka BP to
1829 CE; 280-50.5 cm depth), and a very high sedimentation rate
of 214-321 cm ka™" during the last 190 years (50.5-0 cm depth).
The age model of the composite core 0TMCS is constrained by
the presence of RDLs (Fig. 6). As these are instantaneous deposits,
the six RDLs were excluded from the age-model, resulting in an
event-free sedimentary record (Figs. 8(B) and S5(B)). Additionally,
a surface mixed layer (SML) is present in core 23BC (~0-2 cm).
Data from this zone were not used to establish the chronology
based on excess *'°Pb (Fig. S5(B)). Thus, 01MCS spans the last
9.2cal ka BP with a median calculated sedimentation rate of
~30cmka™" (Fig. 8(B) and S5(B)). This model reveals four major
changes in sedimentation rates throughout the Holocene: a low
sedimentation rate of 23-33 cmka™' during the Early Holocene
(9.2 to 8.4cal ka BP; 257-231.5cm depth), a decline to
14cmka™" during the Middle Holocene (8.4 to 2.9 cal ka BP;
231-156.5 cm depth), an increase to 25-41 cmka™' during the
Middle to Late Holocene (2.9 cal ka BP to 1900 CE; 156.5—40 cm
depth), and a high sedimentation rate of 163-223 cmka™' during
the last 120 years (40-0 cm depth). We acknowledge that the high
sedimentation rates observed in 01SBCS and 0TMCS cores during
the last 190 and 120 vyears, respectively, might be caused by an
absence of '*C dates at the transition from the *'°Pb- and
4C-dated intervals (Fig. 8). However, we do not consider this a
significant source of bias, as similarly high sedimentation rates
(~0.4-0.7 cmyear™") have been reported in sediment cores from
southern Nares Strait, as documented by Jackson et al. (2021) and
Ribeiro et al. (2021).

Discussion

Early Holocene depositional processes (9.2 to
8.2 cal ka BP)

Following the last deglaciation, the beginning of the Holocene
was a time of rapid climate and environmental change. The
orbitally driven high boreal summer insolation (Fig. 9(A)),
which peaked around 11 cal ka BP, resulted in the final
collapse of the IIS and GrlS, as well as their landward retreat in

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

northeastern Baffin Bay (e.g., Dyke et al., 2002; Kaufman
et al., 2004; Laskar et al., 2004; England et al., 2006; Marcott
etal., 2013; Jennings et al., 2014, 2017; Lecavalier et al., 2017;
Buizert et al., 2018; Dalton et al., 2020). Based on the dating
of two Macoma calcarea shells in this study, the Early
Holocene sequence was only recognized in the ice-proximal
setting cores (Fig. 5). LFMT1 is characterized by high wet bulk
density (up to 2gcm™) and a low sedimentation rate
(~23-33 cmka™"), apparently recurrent in the NW Baffin Bay
region (Pienkowski et al., 2012, 2013; Jennings et al., 2019;
Jackson et al.,, 2021, Stevenard et al.,, 2022; Okuma
et al., 2023). The mineralogical assemblages are not uniform
throughout the unit and appear similar to those described by
Caron et al. (2020) in a core from Kane Basin (AMD14-
Kane2B). At the base of the unit, between 9.2 and 8.6 cal ka
BP, rather high concentrations of detrital carbonates (~33%)
indicate sediments from a nonlocal source (Figs. 1 and 9).
According to the SedUnMix model, 65% of these sediments
were derived from an eastern Ellesmere Island carbonate
source (Fig. 5). The LFM1 diamict suggests that sedimentary
dynamics near core 01GC were mainly controlled by ice-
rafted material deposited by icebergs and sea ice coming from
outside Smith Bay (Fig. 10(A)). We estimate, based on the ice
reconstructions of Dalton et al. (2020), that these sediments
were likely deposited during both the westward sea-ice retreat
in Makinson Inlet (England et al., 2006) and the early stage of
deglaciation of Nares Strait (Jennings et al., 2011, 2019;
Georgiadis et al., 2018; Caron et al., 2019, 2020; Stevenard
et al., 2022).

Around 8.6 to 8.2cal ka BP, a pronounced shift in the
mineralogical assemblage and the grain size is observed
(Fig. 5). A long-term decrease in detrital carbonates, IRD input,
and a change to finer-grain-size sediment (mainly silt) suggest
a progressive reduction in the carbonate-rich iceberg transport
into Smith Bay (Figs. 5 and 9). The SS records indicate
enhanced near-bottom current velocity from ~8.4 cal ka BP
(Fig. 9(D)). Consequently, the observed shift in sediment
provenance, the low sedimentation rates (14-33 cm ka™') and
the increase in the near-bottom current velocity recorded in
LFM1 are consistent with the final stage of deglaciation in
Nares Strait between 8.5 and 8.2 cal ka BP and the establish-
ment of an open marine connection between the Arctic Ocean
and Baffin Bay (e.g., Dyke et al., 2002; Knudsen et al., 2008;
Jennings et al., 2011, 2019, 2022; St-Onge and St-Onge, 2014;
Georgiadis et al., 2018; Caron et al., 2019, 2020; Kelleher
et al., 2022). The mineral assemblage also displayed rather
high concentrations in Pl+Kfs (~30%), masked by the
significant carbonate input until 8.6 cal ka BP (Figs. 5 and 9(C)).
This suggests a continuous input of sediments from a local
source derived from the Ellesmere Inglefield Mobile Belt
(~50%). At that time, the presence of a diamict and shallow
water depths (~207 m depth; Fig. 2) likely indicates that Mittie
Glacier remained grounded and extended further into a largely
unglaciated Smith Bay (Dalton et al., 2020), close to the
position of sediment core 01GC (Fig. 10(A)). When Mittie
Glacier retreated during the deglaciation, the unsorted
sediment assemblage was deposited close to its grounding
line position and mixed with the carbonate-rich IRD originat-
ing from Nares Strait and Makinson Inlet.

Middle to Late Holocene depositional processes
(8.2 to 3 cal ka BP)

Higher boreal summer insolation during the Early to the
beginning of the Middle Holocene led to a period of summer
temperatures warmer than present conditions throughout the
Arctic (Fig. 9(A)), known as the Holocene Thermal Maximum
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(HTM) with a boreal summer insolation maximum around
8 cal ka BP (Kaufman et al., 2004; Mayewski et al., 2004;
Wanner et al., 2008; Renssen et al., 2012; Marcott et al., 2013;
Briner et al., 2016; Lecavalier et al., 2017; Bader et al., 2020).
This period in Makinson Inlet was characterized by a relative
sea level 10 to 40 m higher than the present day (Blake, 1993).
In both the distal and proximal environments, the SS records
indicate enhanced near-bottom current velocity during the
Middle to Late Holocene (~7-5 cal ka BP), which decreased
progressively during the Late Holocene, in line with further
decreasing boreal summer insolation (Fig. 9(A),(D)). These
results are consistent with findings from cores in Cape Norton
Shaw Inlet (Stevenard et al., 2022) and Smith Sound (core
2001LSSL-014PC; McCave and Andrews, 2019b), and they
reinforce the interpretation that the Middle to Late Holocene in
this region was characterized by a gradual weakening of

circulation associated with declining insolation and reduced
meltwater input (McCave and Andrews 2019b).

In the ice-proximal setting, the detrital carbonates content
in LFM2 continues to decrease after the end of the Early
Holocene, suggesting a reduced input of carbonate-rich
sediments from Nares Strait and Makinson Inlet into the bay
via ice rafting transport (Fig. 5). This decline coincides with a
progressive weakening of near-bottom current velocities,
as indicated by the SS record. The associated reduction in
hydrodynamic energy likely limited the lateral transport and
redistribution of ice-rafted debris within Smith Bay, further
supporting the interpretation of diminished circulation during
the Middle to Late Holocene. In contrast, in the ice-distal
setting, the mineralogical assemblage, which is a mixture of
Ellesmere Inglefield Mobile Belt and Eastern Ellesmere Island
Carbonates sources, remains relatively constant (Fig. 4). Given
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Figure 7. Summary of the physical characteristics, average grain size data (Dgo), and interpretation of the depositional processes of the lithofacies

identified in cores 22BC, 01PC, 23BC, and 01GC. [Color figure can be viewed at wileyonlinelibrary.com]
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that core 01PC is located at the junction between Smith Bay
and Makinson Inlet waters, and considering the decrease in
carbonate supply from Nares Strait after its opening, we
estimate that the constant supply of detrital carbonates likely
originates from Makinson Inlet.

From 6.6 cal ka BP, the comparison between LFM2 and
LFSB1 indicates similar variations. The low sedimentation
rate recorded in LFM2, coupled with a decrease in the
sedimentation rate of LFSB1, coincides with a slight increase
in coarse-grained sediments and the PI+Kfs content in both
the glacier proximal environment and in Smith Bay (Figs. 4
and 5). The decrease in the sedimentation rates and the
increase in coarse-grained sediments may indicate a decline
in the input of sea-ice rafted fine-grained sediments, which
were replaced by an enhanced delivery of suspended
sediments in the form of glacial flour silt (Fig. 10(B)),
suggesting a landward retreat of Mittie Glacier and the
surrounding glaciers. LFSB1a records several light-colored
centimeter-scale laminations that are absent in LFM2 (Fig. 4),
suggesting a period between 6.4 and 5.4 cal ka BP influenced
by meltwater outwash dominated by suspension setting in an
ice distal environment. Both LFM2 and LFSB1b are clast-poor
with traces of bioturbation, suggesting deposition under more
productive surface waters (Figs. 7 and 9(E)), indicative of less
extensive surface ice cover in Smith Bay after 5.4 cal ka BP.
This interpretation is supported by biomarker-derived esti-
mates of sea-ice extent from sediment cores in southern Nares
Strait, which suggest reduced sea-ice cover and duration

E 01SBCS

Age (cal ka BP)

compared to the present around 6calka BP (Fig. 9(B);
Georgiadis et al., 2018; Jackson et al., 2021). In this context,
we assume that Mittie Glacier and the glaciers surrounding
Smith Bay were retreating or had already become land-based
in response to the warm conditions during the Middle
Holocene. It is likely that Smith Bay was largely sea ice free
during summer after 5.4 cal ka BP (Fig. 10(B)).

Late Holocene to modern depositional processes
(3 cal ka BP to present day)

Following the deglaciation of Smith Bay, the upper part of LFM2
and LFSB2, characterized by an increase in IRD content and
finer-grained sediments (Fig. 9(E)), suggests an intensification of
glacial erosional processes in Smith Bay at that time. Regarding
the period between 3 and 2 cal ka BP, the increase in IRD likely
represents the establishment of cooler conditions, linked to the
first pulse of the Neoglacial and the early stage of the regrowth
of the tidewater glaciers surrounding Smith Bay (Briner
et al., 2009, 2016; Solomina et al., 2015; McKay et al., 2018).

From ~2 cal ka BP, the increase in k¢ observed in LFM3a
and LFSB2 (Figs. 4 and 5), along with a net augmentation in the
Pl+Kfs percentage and a decrease in In(Ca/K), associated
with finer-grained sediments (i.e., fine silts and clays; ~50%), is
interpreted as an intensification of glacial erosional processes
and calving activity during the second major Neoglacial pulse
(McKay et al., 2018). In the cores close to Mittie Glacier,
the IRD abundance is lower than in the cores in Smith Bay
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are also shown. [Color figure can be viewed at wileyonlinelibrary.com]

J. Quaternary Sci., Vol. 40(7) 1191-1211 (2025)

a5UBD |7 SUOWILLIOD aAIea1) a|gedt|dde ay) Aq pausenob are sajoie YO ‘9sh Jo Sa|nJ Iy AkiglTauluQ A1\ UO (SUO 1 PUOI-pUe-SLLIB) WD A | 1M ARe.q 1 |pUTUO//:SANY) SUOIPUOD pue SWiB | 8y} 8as [GZ20z/0T/6T] uo AreliqiauliuQ AS[IA ‘S000.SbI/200T 0T/I0p/wo2  A8| 1M ARe.q 1 juUljuo//:Sdny wouy papeojumoq ‘/ ‘G20g ‘/T#T660T


http://wileyonlinelibrary.com

1204

JOURNAL OF QUATERNARY SCIENCE

JJA temperature (°C) -3
Agassiz Ice Cap
(Buizert et al., 2018) _s5 |

IP,5 Flux 3000

(ng/unit surface/yr) 5000
AMD14-Kane2b

(Georgiadis et al., 2020) 1000

0-

Cal+Dol (%) 207
Smith Bay 15
(this study) 10

SS (um)
Mittie Glacier/Smi
(this study)
Smith Sound
(McCave and
Andrews, 2019b)

18
IRD counts (>2mm)

Smith Bay 12

(this study)
o -
100

Eastern Ellesmere
Island carbonates (%) >
Mittie Glacier 504
Smith Bay
(this study) 25
o il
320
240
SR (cm ka?)

Smith Bay 160
(this study)

Figure 9. Comparison of proxies used in this study (01SBCS: Smith Bay, 01MCS: Mittie Glacier) with paleoenvironmental proxies. (A) Reconstructed summer
temperature (°C) of the Agassiz Ice Cap (Buizert et al., 2018) and 21 July insolation at 75° N (Laskar et al., 2004); (B) Proxy charting sea-ice conditions (lipid
biomarker—IP25) from AMD14-Kane2b (Georgiadis et al., 2018); (C) Cal+Dol from cores 01SBCS (pink, this study), 0TMCS (light blue, this study) and
AMD1803-01PC (dark blue, Stevenard et al., 2022); (D) Mean size of sortable silt fraction (SS) from cores 01SBCS (light purple, this study), 01TMCS (teal, this
study), AMD1803-01PC (crimson, Stevenard et al., 2022) and 2001LSSL-014PC (orange, McCave and Andrews, 2019b); (E) IRD count (>2 mm) of cores
01SBCS (black, this study) and 0TMCS (red, this study); (F) Mineralogical sources (%) from Eastern Ellesmere Island (pink and orange, this study) and from the
Ellesmere-Inglefield Mobile Belt (green and blue, this study); (G) Sedimentation rates (cm ka™") for cores 01SBCS (black, this study) and 0TMCS (red, this
study). The black dots on the SS curves represent samples that do not pass the reliability test of a downcore correlation coefficient >0.5 between SS and $5%.
Note that the age-depth data from Stevenard et al. (2022) were recalculated with a AR=71+69 years BP. [Color figure can be viewed at

wileyonlinelibrary.com]

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Age (cal ka BP)
0 1 2 3 4 5 6 7 8 9 10

[ T T N T T I O |
Late Holocene Middle Holocene Early Holocene

Deglaciation

Holocene Climate

Neoglaciation Optimum 82 ka

MW LIAMWP

event 540
A
520 21 July insolation
(W m2)
75°N
500
(Laskar et al., 2004)
Seasonal formation Extensive sea-ice 480
f ice-arch in KB
OLIESAICLN cover Variable sea-ice
. . Mobile sea-ice cover
Sea-ice cover decline
Seasonal ice-arches in KB
and Lincoln Sea
Reduced sea-ice
cover
30
C
25

Cal+Dol (%)
20 Cape Norton Shaw Inlet
15 (Stevenard et al., 2022)

10 Mittie Glacier
5 (this study)
0
30
28 .
SS (um)

26 Cape Norton Shaw Inlet
(Stevenard et al., 2022)

22
24
18
IRD counts (>2mm)
12 Mittie Glacier
‘w tH ‘ (this study)
m ml”.‘_hLthlﬂnl.l_unJ.lJ\Ll_]|l.|L.|_._.___J,_1__LLLLLMJtLuu|JMw, SRR 11 ¥ Loy
- 100
F L 75 Ellesmere-Inglefield
Mobile Belt (%)
50 Mittie Glacier
Smith Bay
25 (this study)
T Lo
&5 320
G e
©
2 g 240 SR (cm ka?)
o £ p— "
o 2 L 160 Mittie Glacier
’—’_,—\_ £3 (this study)
‘_\_\_\ r—"“"\_ _o
[ LFSB2 [ LFSB1b LFSBla
3b] LFM3a | LFM2 [LFm1
LI e I I I O |
0 1 2 3 4 5 6 7 8 9 10

Age (cal ka BP)

J. Quaternary Sci., Vol. 40(7) 1191-1211 (2025)

a5UBD |7 SUOWILLIOD aAIea1) a|gedt|dde ay) Aq pausenob are sajoie YO ‘9sh Jo Sa|nJ Iy AkiglTauluQ A1\ UO (SUO 1 PUOI-pUe-SLLIB) WD A | 1M ARe.q 1 |pUTUO//:SANY) SUOIPUOD pue SWiB | 8y} 8as [GZ20z/0T/6T] uo AreliqiauliuQ AS[IA ‘S000.SbI/200T 0T/I0p/wo2  A8| 1M ARe.q 1 juUljuo//:Sdny wouy papeojumoq ‘/ ‘G20g ‘/T#T660T


http://wileyonlinelibrary.com

GLACIOMARINE SEDIMENTATION OF SMITH BAY

1205

0 1 M CS /// Mittie Glacier Late Holocene-MW | D
’ ' ice tongue
Meltwater . )
tion Zone
plume unc
— i, 9 @ 9. Q Yy
3 e P Q sithcey W U %0
0- = o s /j'j;urbidity currents ’ Mo //7/91‘
E ) et SRS Smith Bay
(T Meltwater input
§- 0IMCs 01SBCS
. Bedrock Ice-proximal setting e e e
\‘\ ~ | (canadian Shield)
\
\
\
- \
ot
= | Mittie Glacier Late Holocene-LIA | C
ice tongue
) ; ‘ ‘ Large meltwater .
1e © pIume Ice rafting
[] o Qz Junction Zone
1 9 ‘
Oa E \ Kfs I' @ X 9 —) ‘g
40 (TR Pl S|t+CIa _' &
Jc:’ § =\ :y ‘%/0/
S8
=1 t
1 g \ . currents Moraines ST Bay
4 @® \ *"Meltwater input
-
\ _ _ 01SBCS
b \ | Bedrock Ice-proximal setting Ice-distal setting
—_ - ) (Canadian Shield)
a.
m ~
£
- 2-
(1]
S
) : .
&o i ! ' Mittie Glacier Middle Holocene | B
ll ice tongue
/
7 i Meltwater )
3— h plume Junction Zone
] , . — 2
7 1 Pl Sllt +Clay S %o
] ”,
4 S 4 32 Rock flour 5||t+clay+sand Norai K '
- (79 Meltwater input Dol
- —
5] o OJ:MCS ; oy 01SBCS
1 € Bedrock Ice-proximal setting Ice-distal setting
19 (Canadian Shield)
1 O
61 © ]
4 & !
] o H
7 g Iy l |
1s ki q— Vitie Glacer Early Holocene | A
.y S s ice tongue
8 __ — ST r// Large meltwater Ice rafting
- plume Junction Zone
{>E] _ & 9=99 4,
=8l S vy T - Y
{85 |2 = G a8
9- :E - = 3 T - Dol Smith Bay
= | Meltwater input OJTMCS ' ~—
M Bedrock Ice-proximal setting
(| (Canadian Shield)

Figure 10. Correlation of X-CT scans, composite core 01MCS lithofacies,

and the reconstruction of Mittie Glacier sedimentary processes and environmental

conditions in Smith Bay during (A) the Early Holocene (9.2 to 8.2 cal ka BP), (B) the Middle Holocene (8.2 to 3 cal ka BP), and the Late Holocene (3 cal ka BP
to present), with a distinction between (C) the Little Ice Age (LIA) and (D) the Modern Warming (MW). [Color figure can be viewed at wileyonlinelibrary.com]

(Fig. 9(E)), suggesting that Mittie Glacier was probably
advanced in the bay with a floating tongue or ice shelf
extending close to the proximal cores location (Fig. 10(C)),
and had probably reached its Holocene maximum extension
during the Little Ice Age (LIA; ~1350-1850 CE; Grove, 1988;
Jones and Mann, 2004; Miller et al., 2012). Our results align
with those recorded in cores AMD1803-02BC and -01PC from
Cape Norton Shaw Inlet (Stevenard et al., 2022) and confirm
the establishment of colder conditions associated with glacier
growth in the area during that time (Fig. 9).

© 2025 The Author(s). Journal of Quaternary Science Published by John Wiley

The LIA interval is also marked by the deposition of three thin
RDLs (~4—6 cm) only recorded in the ice-proximal setting (Fig. 6).
These three RDLs (RDL1, RDL2, RDL3), rich in Pl and Kfs, are
characterized by abrupt changes in all detrital proxies (Figs. 5
and 6). The ki and In(Zr/Rb) profiles of RDL1 display a normal
grading sequence, which is typical of classical turbidites, while
RDL2 to RDL6 display a laminated inverse grading sequence,
which is interpreted as hyperpycnites deposited from hyperpyc-
nal turbidity currents (Fig. 6; Bouma, 1962; Mulder et al., 2003;
Rodriguez-Cuicas et al., 2023). In the ice-proximal environment,
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turbidites can be linked to snowmelt runoff and meltwater
plumes (Dowdeswell et al., 2015), while hyperpycnites are
believed to form in the marine environment when river discharge
enters the ocean with suspended concentrations in excess of
36kg m3 (e.g., Mulder et al., 2003; Zavala, 2020). These RDLs
show an increase in both PI+Kfs and Cal+Dol suggesting that
sedimentary inputs are driven by a mix of sources. Thus, most
of the sediments are believed to originate from Mittie Glacier
(86%—-94%), while the secondary detrital source (rich in detrital
carbonate) is likely brought from the western side of Makinson
Inlet via large subglacial lake discharges and subglacial
hydrological networks (Fig. 2(A); Gray et al., 2024).

Since around 1900 CE, a higher sedimentation rate
(163-223 cm ka™"), along with an increase in the content of
coarse-grained sediments, suggests increased runoff from
snowmelt and meltwater plumes. High sedimentation rates
(~400-700 cm ka™") are also recorded in sediment cores from
southern Nares Strait and interpreted as reflecting a period of
shorter ice-arch durations or failure in Kane Basin (Jackson
et al., 2021; Ribeiro et al., 2021). High sedimentation rates
indicate the occurrence of a much warmer period associated
with glacier retreat during modern warming (Figs. 9(E)
and 10(D); MW). The sudden increase followed by a decrease
in the SS values at this time is likely driven by changes in
hyperpycnal flow velocity associated with the RDLs and
increased runoff from snowmelt and meltwater plumes
(Fig. 9(E)). During the MW, three hyperpycnites: RDL4,

RDL5, and RDL6 were deposited between 1929 and 1993
CE (Fig. 6). Recently, Gray et al. (2024) showed that a
subglacial lake was draining and refilling in cycles of ~14 years
since at least 1993 upstream of the western arm of Mittie
Glacier (Fig. 2(A)). Our results suggest that this subglacial lake
could be the origin of the hyperpycnal deposits, as it was likely
already formed during the LIA and could have drained and
refilled over longer periods. Based on our age-depth models,
we estimate a 41-year cycle for RDL2 and RDL3, and a
36-year cycle for RDL4 and RDL5. The most recent RDL6 is
dated at 1993 CE, which is the same age determined by Gray
et al. (2024; Fig. 6). An increase in total precipitation and
warmer summers recorded in 1991 at the Grise Fiord
meteorological station seems to have played a significant role
in refilling the subglacial lake, leading to its discharge in 1993
(Fig. 11(A),(B)). Thus, the climate seems to trigger the refill/
drainage of the subglacial lake and to influence the duration of
the cycles, with longer cycles under colder conditions (LIA) and
shorter cycles under warmer conditions (MW).

Between ~1993 and 2008 CE, we observed an IRD-rich layer
associated with coarse-grained sediments in core 23BC
(Fig. 11(B)~D)), but without an increase in other detrital
proxies, as was the case with the RDLs. The dating of this layer
correlates well with the 1992-2007 period, during which the last
surge of Mittie Glacier was identified in both satellite imagery and
velocity data from the eastern arm of the glacier (Copland
et al., 2003, 2024; Short and Gray, 2005; Sharp et al., 2014;
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Figure 11. Comparison of (A) historical summer mean air temperature data at Grise Fiord (black, source: https://climate.weather.gc.ca), (B) total
precipitation (light blue) and rain (navy blue) data at Grise Fiord (source: https://climate.weather.gc.ca), (C) Dgg (pm), (D) IRD count (>2 mm), and
(B) In(Zr/Rb) profiles from core 23BC. The dashed lines represent the maximum and minimum values for temperature, horizontal lines indicate the
median for each proxy, the gray box highlights RDL6, and the blue box represents the last surge of Mittie Glacier (1992-2007 CE; Copland
et al., 2003, 2024). [Color figure can be viewed at wileyonlinelibrary.com]
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Van Wychen et al., 2016, 2020). In cores 23BC, the highest
number of IRD is recorded ~1998 CE (Fig. 11(D)), which
correlates well with the 1994-1999 period during which the
glacier advanced >7 km. Therefore, we suggest that the coarse
layer observed at the top of core 23BC was likely deposited during
the last surge of Mittie Glacier, which was induced by the
dynamics of the eastern arm of the glacier. The increase in total
precipitation and warmer summers recorded in 1991 at the Grise
Fiord meteorological station could have destabilized the glacier
by water infiltration at the bedrock-glacier interface and triggered
the surge, together with flotation of the glacier terminus due to
long-term thinning (Copland et al., 2024).

Conclusion

Based on a multiproxy approach applied to sediment cores
collected in the outer part of Smith Bay (22BC and 01PC) and
near the terminus of Mittie Glacier (23BC and 01GC), we provide
a detailed reconstruction of the sedimentary dynamics in the
northeastern part of Manson Icefield over the last 9.2 cal ka BP.
We used physical, mineralogical, and geochemical properties, as
well as grain size distribution, to document the composition,
provenance, and transportation processes of the detrital
sediments. The findings of this study lead to the following key
conclusions:

Physical, mineralogical, and geochemical properties asso-
ciated with a low sedimentation rate (~30cm ka™') and
enhanced near-bottom current velocity in sediment core
01GC support the hypothesis of the gradual opening of
Nares Strait between 8.8 and 8.2 cal ka BP.

After 8.2cal ka BP, sediment provenance is primarily
dominated by an Ellesmere Inglefield Mobile Belt source,
rich in Pl and Kfs, suggesting a sedimentation predominantly
influenced by sediment discharge from Mittie Glacier and
the glaciers surrounding Smith Bay.

Lower sedimentation rates (<14 cm ka™') recorded between
8.4-2.9 cal ka BP, along with the coarse-grained sediments in
LFM2 and LFSB1, indicate a landward retreat of Mittie Glacier
and sea-ice-free conditions during summer in Smith Bay
starting around 5.4 cal ka BP. The SS records reveal intensified
near-bottom currents in Smith Bay at the beginning of the
Middle Holocene, followed by a gradual weakening linked to
declining insolation and meltwater input into the bay.
During the Neoglacial period, the increase in IRD content
and finer-grained sediments in ice-proximal sediment cores
suggests an advance of Mittie Glacier into Smith Bay,
with an ice shelf or glacier ice tongue extending close to
the location of the ice-proximal cores, where it probably
reached its Holocene maximum extent.

Climate probably triggers and influences the duration of
discharge of a subglacial lake upstream of the western arm of
Mittie Glacier, causing hyperpycnal events since the LIA.
The events follow a 41-year cycle for RDL2 and RDL3, a
36-year cycle for RDL4 and RDL5, and a 14-year cycle
(RDL6), becoming more frequent during modern warming
Our detrital proxies suggest that the two arms of Mittie Glacier
exhibit distinct behaviors: following a 14-year cycle, a subglacial
channel transports water from the sudden release of a large
subglacial lake (~4 km?; Gray et al., 2024) at the glacier front,
inducing hyperpycnal events downstream of the western arm,
while the eastern arm is undergoing surges.
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Figure S1. (A) Core top correlations of the k¢ and b* profiles
of cores 22BC, 01TWC and 01PC used to create the 01SBCS
composite sequence. (B) core top correlations of the k. and
In(Fe/Ca) profiles of cores 23BC and 01GC used to create the
01MCS composite sequence.

FigureS2. (A, C, E, G) Sortable silt mean size (55 vs
percentage of sortable silt (55%). (B, D, F, H) SS and the
running five-point correlation profiles. The grey areas indicate
sections of the sortable silt record that do not pass the
reliability test of a downcore correlation coefficient >0.5
between SS and SS% (McCave and Andrews, 2019b).

Figure S3. X-CT scan image, high-resolution core photo-
graphy and associated lithofacies for cores 22BC and 01PC
studied here.

Figure S4. X-CT scan image, high-resolution core photo-
graphy and associated lithofacies for cores 23BC and 01GC
studied here.

Figure S5. High-resolution core photography, X-CT image,
magnetic susceptibility (k.p), Dgo (um), In(Zr/Rb), 210py,
activity, 2'°Pb excess, 2'°Pb excess without the RDL layers,
age (CE) for the composite cores.

Table S1. 2'°Pb measurements.
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