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Baffin Bay is a key location to study ice margin dynamics and changes in sea-surface
conditions, notably for its proximity to the large ice sheets during the late Quaternary and its
connection to the Arctic and North Atlantic oceans. Continental margin sediments, which
usually accumulate at high rates, are particularly suited for high-resolution
palaeoenvironmental reconstructions. However, establishing a reliable chronostratigraphic
framework in Arctic basins such as Baffin Bay using traditional dating methods (e.g.,
radiocarbon or oxygen isotopes; de Vernal et al. 1987; Andrews et al. 1998; Simon et al.
2012) has been challenging. In high-latitude marine sedimentary environments including
Baffin Bay, fossil remains of carbonate producing micro- to macro- fauna such as
foraminifera and mollusks are generally poorly preserved in hemipelagic sediments due to
calcium carbonate dissolution (Aksu 1983; de Vernal et al. 1992; Azetsu-Scott et al. 2010). In
addition, the formation and the sinking of high-density brines during sea ice growth influence
the 880 signal and its derived stratigraphy (Hillaire-Marcel & de Vernal 2008). It is,
therefore, often necessary to use alternative methods to improve the chronostratigraphy of

sediment collected in these environments.

An increasing number of palaeomagnetic studies has been published in the last decade in
an effort to improve chronologies of late Quaternary sedimentary sequences and thus attesting
to the benefit of using palaeomagnetism as a dating tool in the Arctic during the Holocene
(e.g. Barletta et al. 2008; Lisé-Pronovost et al. 2009; Antoniades et al. 2011; Olafsdottir et al.
2013; Beaudoin et al. 2016; Lund et al. 2016; Deschamp et al. 2017). Variations in
inclination, declination and relative palaeointensity have been used to build Holocene
palaeomagnetic reference curves (e.g. “Fennostack”, Snowball et al. 2007; “Eastern Canadian
stack”, Barletta et al. 2010; “Greenland-Iceland PSV composite”, Stoner et al. 2013). Recent
studies revealed that the combined use of radiocarbon dates, palaeomagnetic secular

variations (PSV) and geomagnetic model outputs can be used to establish the



chronostratigraphy of Arctic Holocene sediment sequences (e.g. Barletta et al. 2010;
Antoniades et al. 2011; Stoner et al. 2013; Lund et al. 2016; Caricchi et al. 2018). In this
paper, the full-vector palaeomagnetic sequence of three sediment cores (AMD14-Kane2B,
AMD14-204, AMD14-210) from the northwestern continental margin of Greenland,
combined with radiocarbon dating, are compared to three others palaeomagnetic records
(Stoner et al. 2013; Barletta et al. 2010 & St-Onge & St-Onge 2014) and a geomagnetic field
model (“CALS10k.1b”, Korte et al. 2011) in order to establish a reliable chronostratigraphy

for this area.

Regional setting

Baffin Bay is an oceanic basin 1300 km long and 450 km wide located between Greenland
and the Canadian Arctic Archipelago (CAA) with a water depth of up to 2300 m (Aksu &
Piper 1987). Baffin Bay is a pathway for freshwater and sea-ice between the Arctic and North
Atlantic oceans through the northern Nares and Barrow Straits and the southern Davis Strait
(Fig. 1). The oceanographic circulation in Baffin Bay is counter-clockwise with the relatively
warm and salty west Greenland current (WGC) flowing northward at intermediate depth
(below meltwater at the surface) and the Baffin Island current, a cold surface current flowing
southward along Baffin Island from northernmost Baffin Bay (Fig. 1, Tang et al. 2004). The
WGC turns west in Melville Bay before joining the Baffin Island current in Smith Sound.
However, it has been shown that a small branch of the WGC circulates up to the Nares Strait
at depths below 250 m (Sadler 1976; Tang et al. 2004). A shallow carbonate compensation
depth (CCD) (600 to 900 m) causes intense carbonate dissolution and poor preservation of
calcareous microfossils in Baffin Bay sediments (Aksu 1983; de Vernal et al. 1992).
Furthermore, an extensive sea-ice cover exists during most of the year, with minimal sea-ice

cover extent in September (Tang et al. 2004).



The bathymetry of Baffin Bay is asymmetrical, with a central abyssal plain surrounded
by the large Greenland continental shelf (250 km) to the east, and a much narrower Baffin
Island continental shelf (25-50 km) to the west (Tang et al. 2004; Andrews et al. 2014). These
continental shelves were geologically shaped by the large Greenland, Laurentian and
Innuitian ice sheets (GIS, LIS and IIS, respectively) during the most recent glaciation, as
demonstrated by the presence of cross-shelf trough systems that extend from the coast and out
to the continental slope (e.g. Aksu & Piper, 1987; O Cofaigh et al. 2013; Slabon et al. 2016).
During the glaciation, these three ice sheets enclosed on three sides the Baffin Bay. The straits
in the CAA were blocked by ice until the retreat of the ice sheets during the deglaciation
(Dyke 2002; Briner et al. 2006; England et al. 2006). The opening of Nares Strait around 9
cal. ka BP allowed the connection between the Arctic and Atlantic oceans through Baffin
Bay, which then permitted the establishment of the modern oceanographic circulation in
Baffin Bay and in the Labrador Sea (England et al. 2006; Jennings et al. 2011; St-Onge & St-

Onge 2014).

Present-day sediments found on the Baffin Bay seafloor are mainly derived from glacial
erosion of the surrounding Greenland and CAA land masses: through the various sedimentary
processes (e.g., ice rafting debris or IRD, glaciogenic debris flows, meltwater plumes,
turbidity currents) that are dominant in these environments (Marlowe 1966; Aksu 1985;
Hiscott et al. 1989; Simon et al. 2014, 2016; O Cofaigh et al. 2003). High sedimentation rates
are typically found on high-Ilatitude continental shelves and slopes and generally vary between
40 and 140 cm ka for northern Baffin Bay (e.g. Hamel et al. 2002; St-Onge & St-Onge

2014).

Material and methods

Coring sites



Three sediment cores were collected on board the Canadian Coast Guard Ship (CCGS)
icebreaker Amundsen in northern Baffin Bay during the 2014 ArcticNet expedition (Leg 1b).
Cores AMD14-204 and AMD14-210 (hereinafter referred to as 204 and 210) are located on
the northwest Greenland margin, in the cross-shelf troughs north of Upernavik Isstrgm and in
Melville Bay, respectively, whereas core AMD14-Kane2B (hereinafter referred to as
Kane2B) is located in the Kane Basin (Fig. 1). The cores were collected using a Calypso
Square (CASQ) gravity corer (25 x 25 cm wide-square section) and sections of up to 1.5 m
long were sub-sampled on board with U-channel samples (plastic liners of 2 x 2 cm cross-
section). Due to its large surface, the CASQ corer minimizes sediment disturbance during

coring compared to a regular piston corer.
Physical properties

All sediment cores were run through a CAT-scan (Computerized Axial Tomography Scan) at
the Institut national de recherche scientifique — Centre eau, terre et environnement (INRS-
ETE, Quebec, Canada). The resulting digital X-ray images were (1) displayed in greyscale to
visualise and identify the different sedimentary structures, and (2) expressed as computed
tomography (CT) numbers, which primarily reflect changes in bulk density (e.g. St-Onge et

al. 2007; Fortin et al. 2013).

In addition, the following parameters were determined on the U-channels at 1 cm
intervals with a GEOTEK Multi-Sensor Core Logger (MSCL) at the Institut des sciences de la
mer de Rimouski (ISMER, Canada): wet bulk density, low field volumetric magnetic
susceptibility (kLr) and diffuse spectral reflectance. The reflectance was obtained by using a
hand-held Minolta CM-2600d spectrophotometer and the sediment color is expressed
according to the L*, a* and b* color space of the Commission Internationale de 1’Eclairage or

CIE (e.g. St-Onge et al. 2007).

Grain size analyses



Grain size data for core Kane2B were obtained at 2 to 4 cm resolution by Georgiadis et al.
(submitted) using a Malvern 200 laser multisizer at EPOC-Université de Bordeaux (France),
and a Beckman Coulter LS13320 laser diffraction grain-size analyzer (0.04-2000 pm) was
used at the Institut des sciences de la mer de Rimouski (ISMER, Canada) to analyse core 204
and 210 sediments at 8 cm resolution. For core 204 and 210, the sediment samples were
pretreated with 10 mL of hydrogen peroxide (H202; 30% v/v) and 10 mL of hydrochloric acid
(HCI; 0.5 N) for at least 72 h to remove the organic matter and carbonates. Sediment
deflocculation was performed by successive washing with distilled water and the samples
were disaggregated in a mechanical shaker for 12 h prior to particle size measurement. The
grain size distribution and statistical parameters were calculated using the GRADISTAT
software (version 8; Blott & Pye 2001) using the geometric (um) method of moments.
Furthermore, Ice-Rafted Debris (IRD) abundance was determined using the method described
by Grobe (1987), which consists of counting the >2 mm fraction on the X-ray image of the

core (here, CAT-Scan image).
Bulk magnetic properties

Hysteresis properties and back-field magnetic remanence of discrete samples (two to three
samples per core sections and in the different facies) were obtained using an alternating
gradient force magnetometer (AGM, MicroMag 2900 from Princeton Measurements
Corporation™) on samples collected from selected intervals in each core section and
representing the different lithological facies present in the three cores. The hysteresis
parameters: saturation magnetization (Ms), coercive force (Hc), saturation remanence (Mrs)
and coercivity of remanence (Hcr) were determined using the data from the hysteresis loops
and backfield remanence curves. Magnetic grain size proxies were then calculated as ratios

Mrs/Ms and Hcr/Hc and reported in a biplot of these ratios (Day et al. 1977).

Palaeomagnetic analysis



The continuous palaeomagnetic measurements were performed on U-channel samples from
the three cores at 1 cm intervals using a 2G Enterprises™ SRM-755 cryogenic magnetometer
and a pulse magnetizer (for the induction of isothermal remanent magnetizations - IRMs). The
data points from the upper and lower 4 cm of each U-channel were not used in order to
climinate edge effects due to the response function of the magnetometer’s pick-up coils
(Weeks et al. 1993). The natural remanent magnetization (NRM) was measured and followed
by alternating field (AF) demagnetization at peak fields of 0 to 80 mT (5 mT increments) to
determine the characteristic remanent magnetisation (ChRM). Subsequently, a continuous
field of 50 uT (direct current — DC — bias field) was applied to the sample at the same time as
a 100 mT alternating field in order to impart an anhysteretic remanent magnetization (ARM),
followed by demagnetization steps at peak AF fields of 0 to 70 mT (5 mT increments).
Finally, two IRMs were induced by applying a DC pulse field of 300 mT (IRM) and 950 mT
(corresponding to a saturated isothermal remanent magnetization, SIRM) and the IRM
progressively demagnetized following the same procedure used for ARM. SIRM was

demagnetized at peak fields of 0, 10, 30 and 50 mT.

The last three remanent magnetizations measured (ARM, IRMs) were acquired with the
aim of characterizing changes in magnetic mineral concentration and magnetic grain size. The
ARM was expressed as susceptibility of ARM (karm) by normalizing the ARM to the biasing
field, and used to calculate the karm/KLF ratio to characterize change in magnetic grain sizes
(Maher & Thompson 1999). Furthermore, a coercivity-dependent proxy was constructed by
dividing the IRM at 0.3 T by the SIRM at 0.95 T. Values of this ratio (pseudo S-ratio) close to
1 indicate low coercivity minerals such as magnetite (ferrimagnetic mineralogy), whereas
lower values indicate the presence of high coercivity minerals such as hematite (e.g. St-Onge

et al. 2003; Stoner & St-Onge 2007).



Using the Excel macro developed by Mazaud (2005), the magnetic declination and
inclination were computed by principal component analysis (Kirschvink 1980) at 1 cm
intervals. This computation also provided the maximum angular deviation (MAD) values and
the median destructive field (MDF). The MAD values provide a quantitative measurement of
the analytical uncertainty and can provide an estimation of the quality of the palaeomagnetic
data with values below 5° indicating high-quality directional data (Stoner & St-Onge 2007).
These low MAD values are required for reliable palaeomagnetic secular variations (PSV) and
relative palaeointensity (RPI) studies. The MDF is the value of the peak AF necessary to
reduce the magnetic remanence to half of its initial value and reflects the mean coercivity
state of the sample. Characteristic inclinations (ChRM 1I) and declinations (ChRM D) were
determined using the AF demagnetization data from 10 to 50 mT. Inclination values should
vary around the theoretical inclination of the Geocentric Axial Dipole (lcap) calculated as a
function of the site latitude (Opdyke & Henry 1969; Stoner & St-Onge 2007). It was not
possible to orient sections during coring. Thus, declination data are relative and were
corrected by rotating the data at section breaks with similar circular values (e.g., 0 and 360°)
to obtain a continuous record. The determination of the relative palaeointensity (RPI) proxy
from sediments was obtained by normalizing the measured NRM by an appropriate magnetic
parameter (e.g. Tauxe 1993; Stoner & St-Onge 2007) and the choice of the normalizer will be

explained more extensively in the results section.
Chronology

The age model of core Kane2B located in the Kane basin (Nares Strait) was established by
Georgiadis et al. (submitted). The model is based on twenty radiocarbon ages from mixed
benthic foraminifera samples and mollusc shell fragments and associated to 2°Pb dating for
the core top. A relatively good preservation of the biogenic carbonates in this shallow (220 m)

core allows the dating of such a large number of samples. This age model was constructed



assuming a regional reservoir correction of AR = 240 years (average AR of three pre-bomb
mollusc shells collected in Nares Strait, McNeely et al. 2006), and considering an
instantaneous 20 cm thick clast-rich deposit from 300 to 320 cm (Fig. 2; Georgiadis et al.

submitted). According to this age model, core Kane2B covers the last 9.1 cal. ka BP.

Four and three AMS C ages were measured on mixed benthic and planktonic
foraminifer samples from core 204 and 210, respectively (Table 2; Beta Analytic Inc. and
LLMC14). The conventional **C ages were calibrated using the CALIB 7.1 software (Stuiver &
Reimer 1986-2017; http://calib.org/calib/) and the Marinel3 dataset (Reimer et al. 2013). A
regional reservoir age correction of AR = 140+30 years was applied as estimated by Lloyd et
al. (2011) and used in most recent palaeoceanographic studies in this area (e.g. Jennings et al.
2014; Moros et al. 2016; Jackson et al. 2017). Preliminary age models were computed for
cores 204 and 210 using the CLAM 2.2 software (Blaauw 2010) and are shown in Fig. 2. CT-
Scan and lithological analyses revealed a major change of depositional environments in the
lower part of core 210 (400 to 580 cm from the core top) where no radiocarbon ages are
available. Thus, we decided to refrain from proposing any age model for this interval. In this
study, these initial radiocarbon-based age/depth models served as a basis for the
palaeomagnetic approach (correlation with chronostratigraphic markers) in order to improve
the chronologies of core 204 and 210. According to the preliminary age models, core 204
spans the last 9.2 cal. ka BP while core 210 covers at least the last ~9.0 cal. ka BP (Fig. 2).
The age models of the three cores indicate sedimentation rates ranging from 10 to up to 200
cm kal, in agreement with previous values found in the same geographical settings (e.g.

Levac et al. 2001; Knudsen et al. 2008; Jennings et al. 2014; St-Onge & St-Onge 2014).

Results

Lithology



The sediment characteristics of cores Kane2B, 204 and 210 are described below on the basis

of CAT-scan images, sediment grain size, physical and magnetic properties.

Core Kane2B. Georgiadis et al. (submitted) proposed a post-glacial palaeoenvironmental
history of the central sector of Nares Strait and described extensively the stratigraphy of core
Kane2B. Here, we only present a brief overview of new physical and magnetic data obtained
to complete their description (Fig. 3A). We also observed three major lithological units along
the core. Unit 1 (from the base, 427 to 394 cm) is composed of grayish brown (Munsell colour
10YR 5/2) sandy mud with dropstones (matrix-supported diamicton) and is associated to unit
A from Georgiadis et al. (submitted). This unit is characterized by high CT number values,
low a* values, and low magnetic susceptibility values (kir). A gradual change of color occurs
above 394 cm, corresponding to the boundary with unit 2. Unit 2 (394 to 275 cm) is mostly
composed of clayey silts and can be divided into 3 sub-units, associated to units B, C and D
from Georgiadis et al. (submitted). Sub-unit 2a (from 394 to 320 cm) is a stratified grayish
brown clayey silts unit with pebbles and is characterized by low wet bulk density, and high a*
(red) values. Trace of bioturbation are also observed in sub-unit 2a. Sub-unit 2b (320 to 300
cm) is a rapidly deposited layer (St-Onge et al. 2012) characterized by a sharp change of color
(dark to very dark grayish brown, 2.5Y 4/2 to 3/2) and composed of coarse sandy muds with
dropstones. Sub-unit 2c (300 to 275 cm) is a grayish brown clayey silt layer very similar to
Sub-unit 2a. A sharp increase in the wet bulk density values marks the transition between
units 2 and 3. Unit 3 (275 to the top), associated to unit E from Georgiadis et al. (submitted),
is characterized by a decrease in clay and sand content (> 80 % silts) and is composed of dark
grayish brown (2.5Y 4/2) bioturbated silts with pebbles and broken shells characterized by
higher density and lower a* values. The first part of unit 3 (sub-unit 3a, 275 to 200 cm)
contains traces of bioturbation and is rich in pebbles, whereas sub-unit 3b (200 cm to the top)

is strongly bioturbated and broken shells are present.



Core 210. Significant changes in the physical and magnetic parameters reveal a variable
lithology throughout core 210, which allowed the identification of three distinct units
presented in Fig. 3B. Unit 1 (577 to 388 cm) is composed of grayish brown (5Y 5/2) clayey
silts with numerous pebbles and coarse material (matrix-supported diamicton) reflected by
high magnetic susceptibility and CT number values. The top of unit 1 (from 410 to 388 cm) is
marked by sedimentary structures (oblique to planar laminations), which indicate a
progressive change of environment and mark the transition between unit 1 and unit 2. Unit 2
(388 to 182 cm) can be divided into 2 sub-units. Sub-unit 2a (388 to 320 cm) is a massive
grayish brown (5Y 5/2) clayey silt unit with no major sedimentary structures, except very
subtle laminations, and has the highest clay content (> 35%) compared to other units. It is
characterized by low wet bulk density and kir values. This sub-unit is likely associated to the
deposition of suspended sediments, possibly from turbid meltwater plumes. A gradational
contact separates sub-unit 2a from sub-unit 2b (320 to 182 cm), marked by traces of
bioturbation, which contrast with the homogeneous sub-unit 2a. Sub-unit 2b is a stratified
grayish brown (5Y 5/2) silt unit with an alternation of fine and coarse layers. Coarse layers
(up to ~10 cm thick) are characterized by a higher coarse silt content and by their erosive
bases. Overall, two very coarse grain size peaks around 190-194 cm and 390-395 cm are also
observed in the CT-scans and are associated with high wet bulk density and high magnetic
susceptibility (grey shading, Fig. 3B). Finally, unit 3 (from 182 cm to the top) is a strongly

bioturbated grayish brown silt unit with low numbers of >2 mm clasts.

Core 204. Core 204 is mainly composed of a homogeneous hemipelagic sedimentary facies
and is divided in two units (Fig. 3C). Matrix-supported diamicton observed in cores Kane-2B
and 210 is not observed in this core. However, units 1 and 2 were distinguished based on the
physical and magnetic properties. Unit 1 (737 to 610 cm) is characterized by grayish brown

(2.5Y 4/2) homogeneous clayey silts with high a* (red), magnetic susceptibility and wet bulk



density values and the lowest coarse silt content throughout the core. Unit 2 (610 cm to the
top) is composed of homogeneous clayey silts and can be divided into 2 sub-units. Unit 2a
(610 to 190 cm) is characterized by bioturbated olive gray (5Y 4/2) clayey silts and a slightly
increasing grain size. Unit 2b (190 cm to the top) is also composed of strongly bioturbated
olive gray (5Y 4/2) clayey silts, but is associated with a decrease in magnetic susceptibility
and slightly higher a* values in the uppermost 100 cm.
Magnetic properties

Magnetic mineralogy. The coercivity of a sample reflects its mean magnetic grain size and
mineralogy. For the three cores, the shape of hysteresis curves (Fig. 4A) is characteristic of
low coercivity ferrimagnetic minerals such as magnetite, and the saturation fields are below
0.2 T, which are indications of the presence of magnetite (Tauxe et al. 1996). Moreover, the
Day plot (Fig. 4B), displays most of the Mrs/Ms values ranging between 0.1 and 0.3, which is
typical of pseudo single domain (PSD) magnetite or titanomagnetite grains (Day et al. 1977;
Tauxe 1993; Dunlop et al. 2002). The two slightly separated points of core 210, outside the
theoretical lines for PSD or multi domain (MD) grains, are from the two coarse layers at ~192
cm and ~392 cm. The Pseudo-S ratio varies between ~0.8 and 1 (Fig. 3) and the mean values
are 0.99+0.02 for core Kane2B, 0.9+0.03 for core 210 and 0.92+0.04 for core 204. Values
>0.9 indicate that much of the saturation of the magnetic assemblage is achieved ina 0.3 T
field, which is typical of low coercivity and ferrimagnetic minerals, such as magnetite and/or
titanomagnetite (Stoner & St-Onge 2007), while values lower than 0.8 indicate the possible
presence of higher coercivity minerals such as goethite or hematite (Frank & Nowaczyk
2008). Furthermore, for the basal (base to 600 cm) and uppermost (190 cm to top) parts of
core 204, high a* (red) and highest MDFnrm Vvalues are suggestive of the presence of
hematite. However, MDFnrwm Values of 25-30 mT for core 204 also indicate the presence of

low coercivity minerals (Dankers 1981). MDFnrm values for cores 210 and Kane2B vary



between 30-50 mT and 35-45 mT, respectively, indicating slightly higher coercivities than in
204 (Fig. 3). These results, together with the hysteresis loops, point to generally low
coercivity minerals, such as magnetite, as being the dominant remanence carriers throughout
most of the three cores, although higher coercivity minerals (e.g., hematite) may be present

within specific depth-intervals as discussed above.

Magnetic grain size and concentration. According to the Day plot (Fig. 4B), the data indicate
that the magnetic grains are in the pseudo-single domain range, with the exception of the two
samples from the coarse layers in core 210. Furthermore, the magnetic grain size sensitive
ratio karm/KLr suggests a finer magnetic grain size towards the top of cores 210 and 204
(higher values in unit 3 and 3b, respectively), whereas lower values of karm/KLr suggest a
coarser magnetic grain size for unit 1 of 210 and unit 2 and 3a of 204 (Fig. 3). Values of
karm/KLr in core Kane2B are generally lower than the two other cores, indicating a coarser
magnetic grain size. Moreover, karm VS Kir biplots (Fig. 4C) reveal a relatively fine magnetic
grain size (<5 um). The underlying data must be used with caution because the absolute
values were based on synthetic magnetic grains, although they indicate an optimal size range
(Tauxe et al. 1993) for relative palaeointensity determination. In addition, an ideal sequence
for relative palaeointensity determinations should have a relatively uniform concentration of
magnetic grains, within one order of magnitude. Thus, in the three sedimentary records, the
remanent magnetization curves (NRM, ARM, Fig. 3 and IRM, not shown) indicate
concentration variations below than a factor of 10, which is satisfying for palaeointensity

reconstructions (e.g. Tauxe et al. 1993; Valet & Meynadier 1998; Stoner & St-Onge 2007).
Palaeomagnetic directional data

The vector end-point diagrams (Fig. 5B) reveal a strong and stable ChRM after removal of a
viscous magnetization at the AF 10 mT demagnetization step. In addition, for most of the

three records, the ChRM inclinations vary around the GAD, indicating a coherent directional



signal (Fig. 5A). Nevertheless, some intervals in core Kane2B and 210 (mainly coarse layers,
turbidites, or a magnetic mineral assemblage not suitable for recording the geomagnetic field,
for example IRD-rich layers) do not adhere to the GAD. These intervals are less reliable for
PSV and RPI reconstructions and will be considered with caution. Similarly, core-section
edges are also highlighted in grey and excluded for the reconstructions (highlighted intervals

in Figs. 5A and 7).
Relative palaeointensity (RPI) determination

To assess the reliability of a relative palaeointensity (RPI) proxy, several criteria must be
fulfilled (e.g. Levi & Banerjee 1976; Tauxe 1993; Stoner & St-Onge 2007). As discussed
previously, the magnetic parameters and hysteresis properties of the three cores point to a
mostly well-defined, strong and stable characteristic magnetization carried by relatively low
coercivity ferrimagnetic minerals such as magnetite in the PSD domain. The MAD values are
below 5° (Fig. 5A) and magnetic concentrations vary within one order of magnitude (Tauxe
1993, Valet & Meynadier 1998). The construction of the proxy records of RPI from sediments
requires a normalization of the NRM by an appropriate magnetic parameter in an attempt to
eliminate the influence of changes in magnetic mineralogy, concentration, and grain size.
Usually, ARM, IRM or kir are chosen as the normalizer (e.g. King et al. 1983; Stoner & St-
Onge 2007; Tauxe 1993). However, because of its high influence by concentration and grain-
size, kir was excluded here. The normalizer must have a similar coercivity spectrum as the
NRM and should not be coherent with the RPI proxy. The average AF field interval
(demagnetization steps) of 10 to 50 mT was selected for the three cores (Fig. 6A) as they are

part of the ChRM and each individual ratio is consistent over this interval.

Two different methods are available to determine the best normalizer: (i) the widely used
average ratio method (e.g. Channell et al. 2000; Stoner et al. 2000) and (ii) the pseudo-

Thellier method or “slope method” (Tauxe et al. 1995; Channell 2002; Snowball & Sandgren



2004). The ratio method consists of averaging the normalized NRM at different
demagnetization steps, whereas the slope method uses the best-fit slope of the NRM vs the
normalizer between two different demagnetization steps (Tauxe et al. 1995). The
demagnetization curves (Fig. 6A) indicate that the grains acquiring the ARM better activate
the same grains carrying the NRM than the IRM for cores Kane2B and 210, whereas it is
similar between ARM and IRM for core 204. Finally, the normalizer should not be correlated
with the RPI proxy or with any lithological proxy (Tauxe & Wu 1990). For cores Kane2B and
210, no correlation with the normalizer are observed with NRMio-somt /ARM10.50mT (> = 0.08
and r? = 0.04, respectively), whereas for core 204, NRMio.somt /IRMiosomt is the least
coherent with its normalizer (r? = 0.004) (Fig. 6C). Based on these results, we selected the

ARM1050mT as the best normalizer for cores Kane2B and 210 and IRM1g-somT for core 204.

Discussion
Reliability considerations

Tauxe et al. (1993) demonstrated that the palaecomagnetic signal derived from sedimentary
archives should be validated by an extensive analysis of the magnetic characteristics in order
to verify the reliability of the palaeomagnetic signal recorded. In our study, we have
demonstrated that except for two coarser layers, the magnetic grain size of the three cores is
from the pseudo-single domain range and are thus in the ideal magnetic grain size window for
palaeointensity determination. Moreover, magnetite is the dominant remanence carrier of a
well-defined and strong ChRM with a uniform concentration of magnetic grains and the MAD
values are below 5°. Thus, the results presented above confirmed that the three cores
(Kane2B, 210 and 204) satisfy the criteria for the determination of PSV and RPI records (e.g.

King et al. 1983; Tauxe 1993; Stoner & St-Onge 2007).

Palaeomagnetic dating and age modelling



The full palaeomagnetic vectors (inclination, declination and relative palaeointensity) were
first constructed using the initial radiocarbon-based age model of each core (Fig. 2) and then
cross compared (Fig. 7) in order to constrain the chronology of cores 204 and 210. To
improve the identification of similar directional and relative palaeointensity features, the three
cores have also been compared to other regional palaecomagnetic records (Fig. 7; Greenland-
Iceland PSV composite and Site U1305 RPI from Stoner et al. 2013; Eastern Canadian
Palaeostack from Barletta et al. 2010; HU2008-42 from St-Onge & St-Onge 2014 and St-
Onge 2012) and the geomagnetic field model (CALS10k.1b, Korte et al. 2011) calculated for
each of our locations. Our comparison revealed coherent changes in the Earth’s magnetic field
behavior and allowed to determine chronostratigraphic markers (palaecomagnetic tie-points)
between the different records. Overall, 18 chronostratigraphic markers were identified using
inclination, declination and relative palaeointensity (Fig. 7, Table 3), respectively named as I,
D and P hereafter. The terms maxima and minima are used here to characterize respectively
high or low features of the PSV sequences. These common features are 5 maxima (11, 14, 15,
16 and 17, respectively around 1500, 3450, 4600, 5925 and 8250 cal. a BP) and 3 minima (12,
I3 and 18, respectively around 1675, 2450 and 9000 cal. a BP) for the inclination; 2 maxima
(D1 and D4, respectively around 1950 and 8700 cal. a BP) and 3 minima (D2, D3 and D5,
respectively around 3600, 6250 and 9025 cal. a BP) for the declination; and finally, 3 maxima
(P1, P2 and P3, respectively around 2325, 3375 and 4900 cal. a BP) and 2 minima (P4 and
P5, respectively around 5450 and 7300 cal. a BP) for the relative palaeointensity (RPI). The
standard deviation age (temporal shifts observed between the individual records due to their
intrinsic chronological uncertainties) was calculated with ages observed on the radiocarbon-
based age models, giving a maximum value of 239 years (Table 3). Nonetheless,
chronological differences are observed for some of the palaecomagnetic features, especially

between our records and the geomagnetic field model (CALS10k.1b; Fig. 7). We suggest



these differences with the model outputs are related to differences in the chronologies and the
lack of data from Baffin Bay (or the Eastern Arctic) for constraining the model (Korte et al.
2011). Differences between PSV records and geomagnetic field models were also observed in
previous high latitude studies (e.g. Snowball et al. 2007, Sagnotti et al. 2011; Walczak et al.
2017). We therefore choose to exclude the geomagnetic model outputs as chronostratigraphic
markers and focus the comparison on independently radiocarbon-dated records (Table 3). As
such, we illustrate the coherence between core 210, the most continuous sequence of the new
presented cores and the Greenland-lceland PSV composite (Stoner et al. 2013) inclination
records (Fig. 8A), as inclination is the dominant component of the palaeomagnetic vector at
these high latitudes. The Greenland-lceland PSV composite record is extremely well dated
(combination of 44 radiocarbon ages from two cores, MD99-2269 and MD99-2322; Stoner et
al. 2007) and the comparison clearly supports the validity of the chronostratigraphic markers.
Moreover, the age offsets of the palaecomagnetic features with the Greenland-Iceland PSV
composite (inclination and declination) are in the range of £400 years (Fig. 8B), well within
possible uncertainties associated to varying reservoir corrections, dating uncertainties, lock-in
depth and/or local non-dipole field differences. Nevertheless, the inclination feature I5 has an
offset between -350 to -500 years for our three records (204, 210 and Kane2B) compared to
the Greenland-Iceland composite record (Fig. 8B) and was thus excluded as a

chronostratigraphic marker.

The resulting chronostratigraphic markers (Fig. 7, Table 3) were then used to improve the
initial radiocarbon-based age models of core 204 and 210. The AMS-'“C dates and
palaeomagnetic tie-points were combined using Clam (Blaauw 2010) which allowed to
produce the age-depth models shown in Fig. 9. According to these proposed age models, the
three cores cover the last 9.0/9.5 cal. ka BP and thus, most of the Holocene. A mean

sedimentation rate of 85 cm ka! (~50 to 110 cm kal) was assumed for core 204 of the



Upernavik Isstrgm region. The age model for core 210 in Melville Bay suggests a lower
sedimentation rate (30 to 40 cm ka) for the uppermost part of the core (0-200 cm) and an
increased sedimentation rate (~130 cm ka) for the middle part of the core (200-300 cm), a
pattern which is coherent with the lithological variations. This major change in sedimentation
rate occurs around ~7.5 cal. ka BP (Fig. 9). The chronology of the basal unit of core 210
(~400 to 580 cm) cannot be established as it lies amongst the unreliable intervals for

palaeomagnetic secular variations.
Chronostratigraphy of the northwestern Greenland margin

The sedimentary units described in section 4.1 for cores 204, 210 and Kane2B correspond to
facies expected in those locations for the Holocene (e.g. Knudsen et al. 2008; St-Onge & St-
Onge 2014; Sheldon et al. 2016). The proposed age models support a correlation with the
main chronostratigraphic units previously established for the Holocene (e.g. Walker et al.
2012; International Commission on Stratigraphy) with a subdivision in three distinct periods:
Early (Meghalayan), Middle (Northgrippian) and Late (Greenlandian) Holocene, and global
boundaries around ~8.2 cal. ka BP and ~4.2 cal. ka BP. However, other studies close to our
core locations often observe boundaries around ~7.5 cal. ka BP and ~3.5 cal. ka BP in their

records (e.g. Knudsen et al. 2008; Moros et al. 2016).

In this study, the main units observed in the three cores show a clear boundary between
the Early and Middle Holocene (~8.2-7.5 cal. ka BP), but do not allow us to clearly define the
boundary between the Middle and Late Holocene (Fig. 10). Moreover, very little is known
about the timing of deglaciation in the Melville Bay region (including the Upernavik Isstram
region in southern Melville Bay). Although several studies discussed the onshore
geomorphology (Briner et al. 2013), submarine landforms (Dowdeswell et al. 2014; Freire et
al. 2015; Slabon et al. 2016; Batchelor et al. 2017; Newton et al. 2017) and ice-sheet

dynamics from numerical modeling (e.g. Lecavalier et al. 2014), few geochronological data



are available. In this context and based on this new chronostratigraphic framework, a brief

account of the main environmental changes is provided below.

Lithofacies 1: Matrix-supported diamicton — Deglaciation (Greenlandian). This lithofacies is
only present in cores Kane2B (Unit 1, 9.1 — 9.0 cal. ka BP) and 210 (Unit 1, prior ~9.4 cal. ka
BP, 380-579 c¢cm) and corresponds to ice-proximal glaciomarine sedimentation following the
retreat of grounded ice. It is a matrix-supported diamicton with the presence of pebbles
associated with high magnetic susceptibility (Fig. 10), which indicates ice-rafting, likely a
glaciogenic debris flow deposit probably related to significant meltwater influxes (O Cofaigh
et al. 2013; Sheldon et al. 2016). In Kane Basin (Kane2B), this lithofacies likely results from
the proximity of both Greenland and Innuitian ice sheets (GIS and 1IS) to the coring site
during this period. The opening of Nares Strait is dated by England et al. (2006) and Jennings
et al. (2011) to approximately ~9 ka BP, which could thus correspond to the base of this core.
However, Georgiadis et al. (submitted) suggested that the Kane Basin was not connected to
Hall Basin until the retreat of the 11S and GIS from Kennedy Channel around 8.3 cal. ka BP.
Thus, we associate this unit to the retreat of the ice sheets from the core location in Kane
Basin, but preceding the complete opening of Nares Strait around 8.3 cal. ka BP (Georgiadis

et al. submitted).

Likewise, this unit is also associated with the close presence and rapid retreat of the GIS
from Melville Bay at the location of core 210. There is evidence for a mid-shelf stabilization,
likely during the Younger Dryas followed by further retreat on the West Greenland margin
(e.g. Slabon et al. 2016; Newton et al. 2017). Studies have shown that the GIS retreated near
its current margin inland around ~10.3 cal. ka BP for the Upernavik Isstram region and
around ~9.5 cal. ka BP for the central Melville Bay region (Bennike & Bjorck 2002; Bennike
2008; Briner et al. 2013; Young & Briner 2015). Thus, following the Younger Dryas, we

hypothesize that the GIS retreated relatively rapidly from the cross-shelf troughs where cores



204 and 210 are located, respectively before ~10.3 cal. ka BP and ~9.5 cal. ka BP. This
statement is supported by the deglacial timing observed here with the established chronology
for cores 204 and 210 (Fig. 10). The high clast content found in this unit associated to very
variable magnetic susceptibility (k.r) attests to the significant ice-rafting and meltwater
discharge occurring during this interval. This period corresponds to the ice-proximal Early
Holocene deglaciation (e.g. Jennings et al. 2014) associated with a low influence of the WGC
from 10.2 to 9.2 cal. ka BP (Lloyd et al. 2005) and higher influence of meltwater from the

GIS.

Lithofacies 2: Homogeneous clayey silts — Early Holocene, end of deglaciation
(Greenlandian). This lithofacies is characterized by homogeneous clayey silts and
corresponds to the establishment of an ice-distal environment dominated by a hemipelagic
sedimentation. We found this lithofacies in core 210 (sub-unit 2a, from ~9.3 to 8.7 cal. ka BP)
and 204 (unit 1, from 9.1 to 7.7 cal. ka BP). In core 204, this facies is marked by high kir, but
very low amount of IRD (Fig. 3), which suggest a dilution by finer glacial material eroded by
a proximal ice stream (Lloyd et al. 2005). It can also be explained by the fact that the GIS was
already close to its current margin around 10.3 cal. ka BP in the Upernavik Isstram region
(Briner et al. 2013), and thus delivered reduced or limited amount of IRD to the nearby

margin at this period.

In core 210, located in the Melville Bay cross-shelf trough, this period occurs following
ice-proximal conditions. The high clay content, subtle laminations with no grain size grading
and only a few IRDs suggest a deposition of fine suspended sediment, likely from meltwater
plumes associated with the further retreat of GIS from the core site. There is no evidence of
rapid deposition of this layer, although sedimentation rates are relatively high. We consider
this interval as a period of relatively stable conditions reflecting the establishment of ice distal

conditions.



Lithofacies 3: Stratified pebbly mud — Early Holocene, end of deglaciation (Greenlandian).
This lithofacies is characterized by pebbly stratified clayey silts and the dominant deposition
mode appears to be hemipelagic, but stratified layers also indicate occasional turbidity current
activity in cores 210 and Kane2B (Fig. 3). This lithofacies is found in cores Kane2B (unit 2,
from 9.0 to 8.0 cal. ka BP) and 210 (sub-unit 2b, from 8.7 to 7.5 cal. ka BP) and is likely
related to variations (further retreat or re-advance) of the ice sheets position (O Cofaigh et al.
2013; Sheldon et al. 2016). Georgiadis et al. (submitted) suggested that the distinctive rapidly
deposited layer present in core Kane2B (300-320 cm) and dated to ~8.3 cal. ka BP is linked to
the collapse of the ice blocking Kennedy Channel and thus marks the complete opening of
Nares Strait. Hence the period from 9.0 cal. ka BP to 8.3 cal. ka BP (Sub-unit 2a) likely
corresponds to unstable conditions linked with the retreat of both GIS and 1IS from Kane
Basin, while the period from 8.3 to 8.0 cal. ka BP (Sub-unit 2c) is associated to further retreat
of GIS and IIS after the opening of Nares Strait. Georgiadis et al. (submitted) also suggested
that the connection between Kane Basin and Baffin Bay was limited until after 8.0 cal. ka BP
and showed that Kane Basin was a narrow open bay until the opening of Kennedy Channel

characterized by the presence of the rapidly deposited layer (~8.3 cal. ka BP).

In core 210, located in the Melville Bay cross-shelf trough, this period corresponds to
more unstable conditions with occasional turbidity current activity and IRD from 8.7 to 7.5
cal. ka BP (sub-unit 2b: characteristic of lithofacies 2). These unstable conditions might be
related to a destabilization of the GIS (re-advances/retreat), which triggered sediment
remobilization in the Melville bay cross-shelf trough, or simply the presence of downslope

processes, since core 210 site is located in the deepest part of the trough.

Many studies have associated the period from ~10 to ~8 cal. ka BP (Early Holocene) with
mostly cold surface and sub-surface water conditions as generally linked to the end of the

deglaciation (e.g. St-Onge & St-Onge 2014; Jennings et al. 2014; Moros et al. 2016). Thus,



in this study, both lithofacies 2 and 3 are associated with the end of the deglaciation and the

further retreat of the 11S and GIS on land, close to their modern boundaries.

Lithofacies 4: Homogenous bioturbated mud — Middle to Late Holocene (Northgrippian to
Meghalayan). This lithofacies corresponds to a more ice-distal sedimentation at the core
locations with a dominantly hemipelagic mode of deposition. It is also strongly affected by
bioturbation, which indicates oceanographic conditions favorable for marine productivity
which are coherent with generally warmer conditions as previously inferred (e.g. Levac et al.
2001, Knudsen et al. 2008; St-Onge & St-Onge 2014). For cores Kane2B (Unit 3, 8.0 cal. ka
BP to present) and 210 (Unit 3, 7.5 cal. ka BP to present), this period is characterized by a
relatively stable sedimentological environment according to the result presented in this study.
These stable sedimentological conditions suggesting optimum environmental conditions are
concordant with evidences of improved sea-surface conditions in Kane Basin from 8.0 to 7.0

cal. ka BP onward (Georgiadis et al. submitted).

For core 204 (Unit 2, 7.7 cal. ka BP to present), a small change occurs around 3.5 ka cal.
BP with slightly decreasing values of kir, increasing values of a* (red) and a finer grain size
shown by the karm/KLr ratio. These variations support a change in magnetic mineralogy
(distinct origin or transport process) likely associated to a dilution of magnetite grains and
possibly related to a re-advance of the ice margins at this period (e.g. Moros et al. 2016) and
thus, increased ice rafting linked to ice sheets expansion (Ruddiman et al. 1977). In the
literature, the period from 7.5 to 3.5 cal. ka BP was characterized by relatively warm surface
and sub-surface conditions (e.g. Perner et al. 2013; Moros et al. 2016). This period was
followed by a cooling and ice sheet/glacier re-advances with the establishment of the
neoglaciation after 3.5 cal. ka BP (e.g., Perner et al. 2013; Jennings et al. 2014; Moros et al.
2016). Additionally, a minimum extent of the western sector of GIS was observed around 5-3

cal. ka BP (Young & Briner 2015).



Conclusions

This paper presents three new, full vector palacomagnetic records covering the Holocene in
northeastern Baffin Bay. Physical and magnetic properties of the three sedimentary sequences
(204, 210 and Kane2B) indicate that the natural remanent magnetization is characterized by a
strong, stable and single component magnetization carried by low coercivity ferrimagnetic
minerals within the PSD range. This indicates high quality palaecomagnetic data and allows
the reconstruction of reliable palaecomagnetic secular variation and relative palaeointensity
(RPI) records for most of the three cores. The comparison of these three palaeomagnetic
sequences with other palaeomagnetic records and geomagnetic field model, combined with
independent radiocarbon dating, are used for the establishment of the chronostratigraphy for

cores 204 and 210.

This new chronostratigraphic framework provides new minimum constraints on the
timing of deglaciation for the northwestern Greenland margin. It confirms that ice retreated
prior ~9.2 cal. ka BP in the southern (Upernavik Isstrgm) and central Melville Bay cross-shelf
troughs, while it retreated around 9.1 cal. ka BP in the region of Kane Basin (Nares Strait).
Although we obtain different ages boundaries than the 8.2 and 4.2 global boundaries, the
results also support the subdivision of the Holocene in three periods (Early/Greenlandian,
Middle/Northgrippian and Late/Meghalayan) with the boundaries between the Early and
Middle Holocene (~7.7/7.5 for the Melville Bay region and ~8.0 cal. ka BP for the Kane
Basin) well recorded in the three cores. This study highlights an asynchronous deglaciation
timing between the Melville Bay/Upernavik Isstram and the Kane Basin regions, likely
related to different rates of retreat triggered by ice margins morphology associated to different

oceanographic conditions (relatively warm WGC compared to colder water in Kane Basin).

Overall, this chronostratigraphic framework will provide the basis for further

palaeoceanographic and palaeoclimate reconstructions in the northeastern Baffin Bay and



more specifically in the Nares Strait and Melville Bay regions. Finally, this study highlights
the benefits of combining palaeomagnetic and radiocarbon measurements to improve the

dating of sedimentary sequences in challenging areas such as Arctic basins.
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Figure captions

Fig. 1. Map of the Baffin Bay area and location of core AMD14-Kane2B, AMD14-210,
AMD14-204 sampling sites (yellow spot). The general bathymetry and simplified oceanic
circulation are also represented. Red arrows illustrate the relatively warm and salty water of

the west Greenland current, whereas the blue arrows represent colder Arctic waters.

Fig. 2. Radiocarbon-based age models of cores AMD14-Kane2B, AMD14-210 and AMD14-
204. Age reservoir correction based on McNeely et al. (2006) for core Kane2B (A = 240;
Georgiadis et al. submitted) and Lloyd et al. (2011) for core 204 and 210 (A = 140+£30).

Estimated sedimentation rates (SR) in cm ka are indicated.

Fig. 3. High-resolution downcore physical and magnetic properties for cores Kane2B (A), 210
(B) and 204 (C). HRI: High-resolution digital image; CT = CAT-Scan image of the core; IRD
counts based on X-ray images (CT-Scan) ; computerized tomography (CT) number (density
proxy); a* (green to red) = sediment color; kir = low-field volumetric magnetic susceptibility;
Mean grain size (um); mean of Natural and Anhysteretic Remanent Magnetization
(respectively NRM and ARM) calculated for the demagnetization range 10-50 mT; karm/KLr
ratio = magnetic grain size indicator; Pseudo S-ratio (IRMomt/SIRMomt) = magnetic
mineralogy indicator; MDFnrm (MT) = magnetic mineralogy indicator. Distinct lithological
facies are delimited by red and black dotted lines. Rapidly deposited layers are highlighted in
grey. The different units delimited by Georgiadis et al. (submitted) for core Kane2B are also

shown.



Fig. 4. Magnetic mineralogy. A. Representative hysteresis loops for the three cores 204, 210
and Kane2B. B. Day plot (Day et al. 1977) of selected samples. The horizontal and vertical
lines delimitate the theoretical area for single domain (SD), pseudo-single domain (PSD) and
multi-domain (MD) magnetite grains. C. KARM vs KLF biplot for estimation of magnetic

grain size for magnetite based on King et al. (1983).

Fig. 5. A. Downcore variation of the ChRM Declination, ChRM Inclination and MAD values
for cores Kane2B, 210 and 204. The vertical line on the inclination graphs indicate the
expected GAD value for the latitude of the sampling sites. Unreliable intervals for
palaeomagnetic reconstruction are highlighted in grey. B. AF demagnetization behavior and

orthogonal projection diagrams (Zidjerveld 1967) of samples selected from the three cores.

Fig. 6. Construction of the RPI proxy. A. Demagnetization curves for NRM, ARM and IRM.
B. Comparison of the relative paleointensity estimates based on the average ratios and the
slope methods with the average ratios of NRM/ARM and NRM/IRM at 10-50 mT. C. RPI

proxy vs its normalizer with correlation coefficients.

Fig. 7. Full vector palaecomagnetic comparison of (A) inclination, (B) declination and (C)
relative palaeointensity between the three cores of this study (Kane2B, 210 and 204)
compared to Green-Ice and Site U1305 records from Stoner et al. (2013), Eastern Canada
Paleostack from Barletta et al. (2010), core HU2008-42 from St-Onge & St-Onge (2014) and
finally the CALS10k.1b geomagnetic field model from Korte et al. (2011). The unreliable
intervals established in figure 5 (highlighted in grey), were not plotted in this figure. Red and
blue circles correspond to the six radiocarbon ages used in this study, for cores 210 and 204

respectively.



Fig. 8. A. Inclinations comparison between the Greenland/Iceland composite (Stoner et al.
2013) and core 210 from this study. The main palaecomagnetic features observed in both
records are shown which includes 4 inclinations highs (11, 14, 16 and 17) and 2 inclinations
lows (I3 and 18). B) Age offset of the palaeomagnetic features established in Fig. 7, between
the different records (Kane2B, 204, 210 from this study, ECPS from Barletta et al. 2010 and
HU2008-42PC from St-Onge & St-Onge 2014) and the Greenland-Iceland PSV composite

(Stoner et al. 2013). ECPS = Eastern Canada Paleostack.

Fig. 9. Composite age models using both the independent ages and paleomagnetic tie-points
(Table 3) for cores 204 and 210. Age models are constructed using the R-package CLAM
(Blaauw 2010). Note that for core 210, the basal layer was not reliable for palaeomagnetic

reconstructions.

Fig. 10. Comparison of k.r for cores Kane2b, 210 and 204 associated to the age (in cal. ka
BP) of the different unit limits based on the chronostratigraphy established in this study. The

different units are shown, as well as the main deglacial/postglacial boundary.

Table captions

Table 1. Location of the sampling sites, water depth and length of the cores used in this study.

Table 2. Radiocarbon ages for cores AMD14-204 and AMD14-210. The ages were calibrated

using the CALIB version 7.1 software (Stuiver & Reimer 1986-2017) and the Marinel3



calibration curve (Reimer et al. 2013) (1 o; 95.4% area enclosed). Age reservoir corrections
applied based on McNeely et al. (2006) for core Kane2B (A = 240; Georgiadis et al.

submitted) and on Lloyd et al. (2011) for cores 204 and 210 (A = 140£30).

Table 3: Palaeomagnetic chronostratigraphic markers (tie-points) based on the correlation
between the three cores (Kane2B, 210 and 204) presented in this study with three others
palaeomagnetic records (Greenland-Iceland PSV composite and Site U1305, Stoner et al.
2013; Eastern Canada Paleostack, Barletta et al. 2010; HU2008-42PC, St-Onge & St-Onge
2014) and the geomagnetic field model (CALS10k.1b, Korte et al. 2011) calculated for the
localisation of core 210. Tie points marked with I, D and P correspond respectively to

inclination, declination and relative palaeointensity and are shown in Fig. 7.
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