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Résumeé

Deux longues séquences sédimentaires holocenes (HLYO0501-06JPC et-08JPC) ont été
prélevées sur la marge continentale de 1’Alaska en mer de Chukchi afin de reconstituer les
variations millénaires a séculaires du champ magnétique terrestre et établir une
chronostratigraphie régionale en Arctique de [l'ouest. Les analyses physiques et
paléomagnétiques indiquent que les deux séquences sédimentaires ont enregistré les
paléodirections (inclinaison et déclinaison) et la paléointensité relative a haute résolution
durant la période postglaciaire. La chronologie de HLY0501-08JPC a été établie a partir de
datations radiocarbones par spectrométrie de masse par accélérateur (AMS) et indique un
taux de sédimentation tres élevé (348 cm/ka) sur le plateau continental & proximité du canyon
Barrow entre 8000 et 5000 cal BP, suivi par une diminution majeure du taux de déposition.
La corrélation des vecteurs paléomagnétiques complets (inclinaison, déclinaison et
paléointensité relative) a été utilisée pour définir la chronologie de la séquence sédimentaire
HLYO0501-06JPC, en utilisant D’enregistrement HLYO0501-08JPC ainsi que d’autres

enregistrements sédimentaires et volcanique de 1’ouest de I’ Amérique du Nord.
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Introduction générale

La variabilité du champ magnétique terrestre

L’échelle des temps de polarité géomagnétique (geomagnetic polarity timescale
GPTS) est un outil efficace de stratigraphie pour des périodes couvrant plusieurs millions
d’années. Une telle magnétostratigraphie globale n’existe pas pour la variabilité & haute
fréquence du champ magnétique terrestre. D’abord, quelques si¢cles ne suffisent pas pour
observer des inversions de polarit¢é ou des excursions magnétiques. Ensuite, des
dissimilitudes ou des décalages temporels peuvent étre observés entre des enregistrements
paléomagnétiques a haute fréquence venant de régions différentes du globe. La contribution
non-dipolaire du champ magnétique terrestre et la superposition de signaux
environnementaux ou climatiques pourraient étre a 1’origine de ces différences d’un continent
a un autre ou sur quelques milliers de km seulement (e.g., Lanza et Meloni, 2006). Ainsi, la
distance géographique maximum pour laquelle des variations millénaires de paléointensité
relative sont généralement cohérentes est de quelques milliers de kilometres (Lund and
Schwartz, 1999). L’étude du paléomagnétisme a partir de séquences sédimentaires est le seul
moyen d’obtenir un enregistrement continu dans le temps et lorsque le taux de sédimentation
est suffisamment élevé (>100 cm/ka), une résolution millénaire a séculaire de la variabilité du
champ magnétique passé peut étre atteinte (e.g., Stoner et al., 2007, St-Onge et al., 2003,

Barletta et al., sous presse).

La magnétostratigraphie holocene

L’¢étude des variations millénaires a séculaires du champ magnétique est un moyen de

mieux comprendre la variabilité de haute fréquence du champ magnétique de la Terre, mais



peut aussi permettre de développer des traceurs paléoenvironnementaux (e.g.,Verosub and
Roberts, 1995) ou un outil stratigraphique robuste (e.g., Guyodo and Valet, 1996, 1999; Laj
et al., 2000; Stoner and St-Onge, 2007). Un avantage de la magnétostratigraphie est que
I’enregistrement du vecteur magnétique (inclinaison, déclinaison et paléointensité) est
indépendant du contexte environnemental. Que les grains magnétiques se déposent en milieu
marin ou lacustre (i.e., magnétisation rémanente post-déposition; pDRM) ou qu’ils se
trouvent dans une coulée de lave ou dans une poterie d’argile cuite (i.e., magnétisation
rémanente thermale; TRM), ils enregistrent au méme moment la méme information
magnétique. La principale différence entre les deux types de magnétisation rémanente ci-
dessus est que I’enregistrement de ’intensité du champ magnétique par TRM est ponctuel et
absolu, alors que l’enregistrement par pDRM est continu et relatif. Ainsi, des données
archéomagnétiques bien datées tels des événements volcaniques connus peuvent servir a
calibrer des enregistrements paléomagnétiques continus. De maniére générale, la
comparaison d’archives paléomagnétiques provenant de différents contextes (e.g., lave et
sédiments) et/ou de différents environnements (e.g., sédiments marins et sédiments lacustres)
permet de valider les données obtenues pour une région donnée (e.g., Bohnel and Molina-
Garza, 2002 ; Hagstrum et Champion, 2002 ; St-Onge et al., 2003 ; Herrero-Bervera et Valet,
2007 ; Barletta et al., sous presse). La reproductibilité constitue d’ailleurs un critére de qualité
important pour un enregistrement sédimentaire de paléointensité relative (King et al., 1983;

Tauxe, 1993).

Un autre avantage important de la magnétostratigraphie est son utilisation comme
outil chronostratigraphique dans des environnements ou les techniques de datations
conventionnelles pour la période Quatemnaire (e.g., datations radiométriques, comptage de
varves) sont difficiles ou inapplicables. Par exemple, les sédiments ne sont pas toujours
varvés et du matériel carbonaté n’est pas toujours trouvé pour effectuer la datation du
radiocarbone ('*C). De plus, ’effet réservoir en milieu marin ou la contamination par du
« vieux carbone » en milieu lacustre ne sont pas toujours bien documentés et peuvent
introduire d’importantes incertitudes (e.g., Snyder et al., 1994 ; Walker, 2005 ; Mangerud et
al., 2006). Dans de tels environnements, il est donc optimal de combiner les méthodes de
datations conventionnelles avec des indicateurs chronologiques (e.g., tephra, pollen,

magnétostratigraphie).

Finalement, la magnétostratigraphie peut atteindre de trés hautes résolutions

temporelles puisqu’elle dépend directement du taux de sédimentation. A I’heure actuelle, on
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trouve les archives paléomagnétiques aux plus hautes résolutions temporelles dans certains
lacs et sur certaines marges continentales ou s’accumulent des sédiments en grande quantité
depuis la demiere glaciation et déglaciation. Un nombre croissant d’études paléomagnétiques
sur les sédiments holocénes de ces endroits clés ont été publiées depuis quelques décennies et
des courbes de références régionales ont aussi été construites (e.g., Turner and Thompson,
1981 ; Creer and Tucholka, 1982 ; Lund and Banerjee, 1985; Verosub et al., 1986; Lund,
1996 ; Gogorza et al., 2000 ; Snowball and Sandgren, 2002 ; Snowball et al., 2007 ; Stoner et
al.,, 2007 ). Bien que des sédiments holocénes se soient accumulés avec des vitesses de
sédimentation élevées a certains endroits des mers épicontinentales Arctiques (Hill et al.,
1991 ; Darby, 2006 ), tres peu d’études publiées a ce jour proviennent de sédiments des
hautes latitudes nord (>60°N) et la majorité d’entres elles sont basées sur des sédiments

lacustres.

Le paléomagnétisme en Arctique

La datation de séquences sédimentaires est souvent problématique en Arctique
puisque la dissolution du matériel carbonaté raréfie la conservation de coquilles ou de tests
dans le sédiment (Jutterstrom et Anderson, 2005). Lorsqu’il y a datation de matériel
carbonaté, il est nécessaire de corriger 1’dge radiocarbone apparent pour le temps de résidence
du CO; dans I’eau. Cet effet réservoir est mal connu dans les différentes régions de I’ Arctique
et peut varier dans le temps (e.g., Bjork et al., 2003; Ericksson et al., 2004; Poliak et al,,
2007). Dans ce contexte, 1'utilisation d’indicateurs chronologiques est un bon complément
aux datations radiocarbones. En ce sens, Barletta et al. (sous presse) ont récemment démontré
le potentiel d’utiliser la vanabilité millénaire a séculaire du champ magnétique terrestre en
Arctique de I’Ouest pour développer des marqueurs chronostratigraphiques régionaux. Le
paléomagnétisme aux hautes latitudes est d’autant plus intéressant que les variations
d’inclinaison et de déclinaison sont de plus grande amplitude a proximité du pdle Nord
géomagnétique, ce qu pouwrrait faciliter ’identification de tels marqueurs

chronostratigraphiques.



Le paléomagnétisme en Arctique est prometteur puisque les sédiments postglaciaires
qui s’y trouvent contiennent généralement des grains fins de magnétite et de titano-magnétite
(Darby, 2003; Darby and Bischof, 2004; Bischof and Darby, 1997, 1999), d’excellents
minéraux magnétiques pour [’acquisition d’une pDRM et pour les reconstitutions
d’orientation (inclinaison et déclinaison) et de paléointensité relative (Tauxe, 1993 ; Stoner et

St-Onge, 2007).
Les objectifs de ce projet de maitrise sont de :

1) reconstruire et décrire la variabilité du champ magnétique terrestre en Arctique de 1’Ouest

selon deux séquences sédimentaires de la marge continentale de la mer de Chukchi;

2) établir par magnétostratigraphie la chronologie de la séquence sédimentaire HLY0501-
06JPC.
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Abstract

Two long Holocene piston cores (HLY0S501-06JPC and -08JPC) were raised from high
sediment accumulation areas at the Arctic Alaskan margin in order to reconstruct the millennial- to
centennial-scale behavior of Earth’s magnetic field and to better constrain the regional
chronostratigraphy of the Western Arctic. Paleomagnetic and physical analyses indicate that both
sedimentary sequences have recorded a reliable record of paleomagnetic secular variation (inclination
and declination) and relative paleointensity during the Holocene. The accelerator mass spectroscopy
(AMS) radiocarbon-based postglacial chronology of core HLY0501-08JPC indicates sedimentation
rates as high as 348 cm/ka on the continental shelf near Barrow Canyon from approximately 8000 to
5000 cal BP, followed by a major decrease in sediment deposition. Full vector paleomagnetic
correlation (inclination, declination and relative paleointensity) was used to constrain the chronology
of core HLYO0501-06JPC, using core HLYO0501-08JPC and other previously published and

independently dated sedimentary and volcanic records from Western North America.

1. Introduction

The study of millennial to centennial variation of the Earth’s magnetic field recorded
by sedimentary sequences is a means of better understanding the geomagnetic field high
frequency behavior, and can be a very useful stratigraphic tool (e.g., Guyodo and Valet, 1996,
1999; Laj et al., 2000; Stoner and St-Onge, 2007). In the last few decades, an increasing
number of Holocene paleomagnetic studies based on marine and lacustrine sediment
sequences have been published. In an effort to further develop magnetostratigraphy as a
regional dating tool, Holocene paleomagnetic reference curves have been constructed for the
United Kingdom (inclination and declination; Tumer and Thompson, 1981), Sweden
(inclmation, declination and relative paleointensity; Snowball and Sandgren, 2002), Finland
(inclination, declination and relative paleointensity; Snowball et al., 2007), North America
(inclination and declination; Lund and Banerjee, 1985; Verosub et al., 1986; Lund, 1996),
East-central North America (inclination and declination; Creer and Tucholka, 1982) and

South Argentina (inclination and declination; Gogorza et al., 2000). In parallel, Korte and



Constable (2005) developed a global geomagnetic field model (CALS7K.2) based on
spherical harmonic analysis. This model was calibrated with archeomagnetic (from volcanic
rocks and fired artifacts) and paleomagnetic (from sediment sequences) data for the last 7 kyr
and 1t has succeeded in reproducing some of the millennial- to centennial-scale dipole

moment variability observed in the sediment sequences (Korte and Constable, 2006).

The observation of synchronous changes of the geomagnetic field, either inclination,
declination and/or intensity at sites from the same area can lead to the identification of
regional chronostratigraphic markers. For example, Barletta et al. (in press) recently observed
several directional and paleointensity features that have the potential to be used as
chronostratigraphic markers for Holocene sediments in the Western Arctic. Such markers are
especially attractive in the Arctic, where dating is often complicated (see below). Due to their
proximity to the North geomagnetic pole, the high latitude sites have the potential to record
higher amplitude directional changes than in the lower latitudes. Unfortunately, only a
handful of paleomagnetic studies covering the Holocene period have been published from
northern high latitude sites (> 60°N) and only a subset of these present the full paleomagnetic
vector (Andrews and Jennings, 1990; Frank et al., 2002; Snowball and Sandgren, 2002; Geiss
and Banerjee, 2003; Nowacyzk et al., 2001; Snowball and Sandgren, 2004; Snowball et al.,
2007; Stoner et al., 2007; Barletta et al., in press). Because high sedimentation rate sites are
found on the continental shelves and slopes of Arctic marginal seas (Darby et al., 2006), these
sites are key areas to address the millennial- to centennial-scale geomagnetic field variability

for the Holocene.

The prerequisite for a paleoclimatic study based on a sedimentary sequence is the
establishment of a reliable age model in order to transform the depth scale into an age scale.
Since the radiocarbon reservoir effect is often poorly constrained in the Arctic and since the
datable material is often very rare, the chronostratigraphy of Arctic marine sediment
sequences has always been a challenge. It is therefore optimal to combine dating methods.
High-resolution magnetostratigraphy is a valuable tool to date sediment sequences in the
absence of datable material (e.g., Mackereth, 1971; Saarinen, 1999; St-Onge et al., 2004) or
to independently support and improve a chronostratigraphy based on radiocarbon dating (e.g.,
Creer and Tucholka, 1982; Andrews et al., 1986; Kotilainen et al., 2000; Stoner et al., 2007).
In this paper, we present the full vector paleomagnetic records (inclination, declination and
relative paleointensity) of two long Holocene piston cores in order to constrain the

stratigraphy of the Arctic Alaskan margin.



2. Regional setting

The two studied jumbo piston cores were recovered from the Arctic Alaskan margin
in the eastern Chukchi Sea (Fig. 1). A distinct submarine feature in the area is the Barrow
Canyon, a major pathway for dense Pacific water inflow from the Bering Strait (Pickart et al,,
2005) and for sediment loaded waters moving from the continental shelf (Weingartner et al.,
1998) toward the continental slope and the Canada Basin. In the present oceanographic
conditions, upwelling events of intermediate-depth Atlantic waters from the Canada Basin

into the Barrow Canyon have been observed episodically (Pickart et al., 2005).

Canada Basin
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Figure 1. Location of cores 8JPC and 6JPC in the Western Arctic Ocean as well as other high
resolution Western North American records cited in the text: SJPC and 803 (Barletta et al., n
press), PSVL (paleosecular variation from lava flows; Hagstrum and Champion, 2002), ML
(Mara Lake; Tumer and Thompson, 1981) and GFL (Grandfather Lake; Geiss and Benerjee,
2003).



Since the marine transgression (from about 12000 cal BP on the Chukchi shelf;
Keigwin et al., 2006) associated with the last deglaciation, the major sediment sources on the
Arctic Alaskan margin come from river discharge, coastal erosion and redistribution of
sediment by ice drift. Northern North American rivers bringing sediment at the Arctic
Alaskan margin are found from the Beaufort Sea to the Bering Sea. The Colville River in
Alaska (USA) and the Mackenzie River in the Northwest Territories (Canada) are major
rivers forming deltas in the western Arctic Ocean. However, smaller rivers located in
northwest Alaska (Utukok, Kokolik and Kukpowruk Rivers) are reaching Barrow Canyon
through a network of submarine paleochannels and would have been an important sediment
source to the northeast Chukchi Sea during the last deglaciation (Hill and Driscoll, 2008).
Due to the present hydrodynamic conditions, most of the Chukchi shelf is the area of net
seafloor erosion or non-deposition, whereas fine-grained sediments are deposited in the
valleys such as the Barrow Canyon and deeper on the slope (Phillips et al., 1988). Grains are
also transported and released in the Chukchi Sea by sea ice (Darby and Bischof, 2004; Darby,
2003).

The last major lithostratigraphic marker on the Western Arctic margins is the
lithological change associated with the transition from deglacial to marine Holocene
environments (e.g, Darby et al., 1997, Polyak et al., 2007). Previous geophysical seafloor
surveys and core descriptions from the Chukchi Sea have shown that brownish to olive-gray,
strongly bioturbated mud (postglacial sediments) overlay stiffer grayish, sometimes
laminated mud containing ice rafted debris (glacial/deglacial sediments) in the Chukchi Sea
(Philips et al., 1998; Keigwin et al., 2006; Polyak et al., 2007). Similarly, Barletta et al. (in
press) described a piston core from the Chukchi Sea with about 12 meters of postglacial olive

gray mud overlying glacial/deglacial sediments.



3. Materials and Methods

3.1. Coring sites
Two long jumbo piston cores (HLY0501-06JPC and HLYO0S501-08JPC, hereinafter

referred as to cores 6JPC and 8JPC, respectively, Table 1) from the Arctic Alaskan margin
were collected on board the USCGC Healy as part of the 2005 Healy-Oden Trans-Arctic
Expedition (HOTRAX). The Alaskan margin coring sites were selected using the hull-
mounted 3.5 kHz subbottom profiler and the 12 kHz multibeam bathymetric sonar for the
areas of significant thickness (>10 m) of apparent Holocene sediments, as previously
observed in the area (Phillips et al., 1988; Keigwin et al., 2006), and for the absence of
erosional features or sediment deformation by mass movements. Core 8JPC was raised from
the continental shelf (90 m) near the Barrow Canyon, while core 6JPC was collected ~100

km northwards in the lower mid-slope (673 m; Table 1; Figure 1).

Table 1. Core location.

Core Latitude (°N)  Longitude (°W) Localisation Water depth (m) Length (m)
HLY0501-06JPC 72.69 157.03 Lower mid-slope 673 15.54
-06TC " " " " 1.03
HLY0501-08JPC 71.63 156.86 Continental shelf 90 13.96
-08TC " " " " 3.06

3.2. Physical analysis
On board, the piston cores were analyzed with a GEOTEK™ Multi Sensor Core

Logger for the determination of wet bulk density (by gamma-ray attenuation) and low-field
volumetric magnetic susceptibility (kir) at 1 cm intervals, then split and described. kif is
mainly proportional to the ferrimagnetic mineral concentration. However, ki r increases with
paramagnetic material when the concentration of ferrimagnetic material is low and with the
addition of superparamagnetic (< 0.03 pm) and large (> 10 pm) magnetite grains (e.g.,
Thompson and Oldfield, 1986; Stoner and St-Onge, 2007). In the laboratory, the cores were
photographed with a high resolution digital camera and sampled with u-channels (u-shaped
plastic liners of 2 x 2 cm cross-section and up to 1.5 m length). The u-channels were then

passed through a CAT-scan (Computerized Axial Tomography Scan) at the Institut National
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de la Recherche Scientifique, Centre Eau, Terre, Environnement (INRS-ETE) in Quebec city,
Canada, in order to visualize the sedimentary structures, possible core deformation and
extract the computed tomography (CT) numbers. The CT number primarily reflects changes

in bulk density with a 1-mm downcore resolution (St-Onge et al., 2007).

3.3. Paleomagnetic analysis
Paleomagnetic data were acquired at 1 cm intervals on u-channel samples using a 2G

Enterprises™ cryogenic magnetometer and pulse magnetizer module (for Isothermal
Remanent Magnatization, IRM) at the new Paleo and Environmental Magnetism Laboratory
at the Institut des sciences de la mer de Rimouski (ISMER), Canada. The response function of
the magnetometer pick-up coils integrates measurements over ~ 4.5 cm (Weeks et al, 1993).
To eliminate the edge effect associated with this response function, the first and last 5-cm

data of each u-channel were excluded.

The natural remanent magnetization (NRM) was measured first using stepwise
alternating field (AF) demagnetization at peak fields from O to 70 mT at 5 mT increments.
Inclination and declination of the characteristic remanent magnetization (ChRM) were
calculated by a least-square line-fitting procedure (Kirschvink, 1980) using the Mazaud
(2005) software with AF demagnetization steps from 20 to 70 mT (11 steps). An anhysteretic
remanent magnetization (ARM) was then induced at peak AF of 100 mT with a 0.05 mT
direct current (DC) biasing field and subsequently demagnetized and measured at 0, 10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70 mT. An isothermal remanent magnetization (IRM)
was imparted with a DC field of 0.3 T and subsequently demagnetized and measured at 0, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70 mT. Similarly, a second IRM (corresponding to a
Saturated Isothermal Remanent Magnetization, SIRM) was imparted with a higher DC field
0of 0.9 T and then demagnetized and measured at 0, 10, 20, 25, 30, 35, 40, 45, 50, 60, 70 mT.
The arithmetic mean of each magnetic remanence (NRM, ARM, IRM and SIRM) for the

demagnetization steps 25 to 50 mT (6 steps) is presented in figure 3.

Hysteresis properties were measured on pilot samples from core section breaks using
a Princeton Measurements Corp.™ vibrating sample magnetometer (VSM-3900-04C) at 10
mT increments with a maximum field of 1 T at Montclair State University in New Jersey,
USA, in order to help constrain the magnetic mineralogy and granulometry. The following

values were derived from the hysteresis curves: the coercivity of magnetic minerals (Hc), the
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coercivity of remanence (Hcr), the saturation magnetization (Ms) and the saturation

remanence (Mr).

All laboratory-induced magnetizations are dependant on the concentration of
magnetic material present in the sample, but each type of magnetization activates a specific
group of magnetic grains. Alone or normalized by another magnetic parameter, the different
magnetizations are thus useful to characterize variations in magnetic mineralogy and
granulometry (e.g., King et al., 1982; Thompson and Oldfield, 1986; Brachfeld and Banerjee,
2000; Maher et al., 1999; Peters & Dekkers, 2003; Stoner and St-Onge, 2007). SIRM
normalized by the magnetic susceptibility (kir) 1s an indicator of the magnetic grain size,
with smaller values denoting coarser magnetic grains (Thompson & Oldfield, 1986). karm 1s
calculated by dividing the ARM by the strength of the DC field applied and is also used as a
magnetic grain size indicator when divided by kir, where karm/Kir 1s inversely proportional
to the magnetic grain size if the magnetic mineralogy is mainly magnetite (King et al., 1982).
Finally, IRMgyr 0.3T normalized by SIRMgy,t 0.9T (pseudo S-ratio) is an indicator of the
magnetic mineralogy, with values close to 1 denoting low coercivity minerals such as
magnetite (e.g., St-Onge et al., 2003). The median destructive field (MDF) is the required
peak field to reduce the initial magnetic remanence by half. The MDF is a magnetic
mineralogy indicator depending on the coercivity of magnetic minerals and on the magnetic

grain size.

3.4. Radiocarbon analysis
Accelerator Mass Spectroscopy (AMS) radiocarbon measurements were performed on

9 mollusk shells (core 8JPC, Table 2) and on benthic foraminifers (core 6JPC, Table 2) at the
Lawrence Livermore National Laboratory’s Center for Accelerator Mass Spectroscopy
(LLNL-CAMS) and at the NSF-Arizona Accelerator Mass Spectroscopy Laboratory. The
dates are reported using Libby’s half-life and corrected for natural and sputtering
fractionation (613C = -25%o vs. VPDB). To convert the '*C ages to calendar years, the dates
were calibrated using the CALIB5.0.2 on-line calibration software (Stuiver et al., 2005),
assuming a AR of 0. The calibrated ages are reported at the 2c confidence level. Based on
paleomagnetic data, a AR of 0 was recently shown to be appropriate for a nearby Arctic
Alaskan margin core (Barletta et al., in press). Nonetheless, uncertainties remain about the

reservoir ages in the Western Arctic and therefore ages calibrated using a AR of O at sites
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where there is a possible Pacific component (e.g., shallower waters on the Alaskan margin;

core 8JPC) should be considered as maximal ages.

Table 2. Radiocarbon dates from cores 6JPC and 8JPC

Core Depth  Adjusted depth Dated material Lab number AMS "*C age Calibrated age®
(cm) (cm) (yr BP) (yr cal BP)
HLYO0501-
06JPC 770-772 850-852 Benthic forams CAMS135962 7690 + 180 7790 (8160) 8520
§78-880 958-960 Benthic forams AAT4466 12375+ 60 13710 (13 850) 13980
HLYO0501- 51 102 Bivalve Macoma AA66974 3216 £ 37 2900 (3030) 3160
08JPC 130 181 Bivalve Astarte ~ CAMS137887 4590 + 30 4700 (4790) 4880
327 378 Bivalve Nuculana CAMS137888 5210+ 30 5480 (5560) 5640
510 561 Bivalve Macoma AA66975 5309+ 79 5530 (5710) 5880
789 840 Bivalve Macoma? CAMS137889 5995 £ 35 6300 (6400) 6500
851 902 Bivalve CAMS137890 6110+ 40 6430 (6540) 6650
1116 1167 Bivalve CAMS137378 7285 + 35 7660 (7750) 7840
1150 1201 Gastropode Natica? AA66976 7760 £ 51 8110 (8230) 8350*
1153 1204 Bivalve CAMS137891 7415 £ 35 7790 (7880) 7960

*The conventional ages were calibrated with the CALIB5.0.2 (Stuiver et al., 2005) online calibration
software using the Hughen et al. (2004) dataset and assuming a AR value of O (see text for details).
The first and last ages represent the 2o cal age range rounded to the nearest tens, whereas the ages in
parentheses are the average age rounded to the nearest tens. * = excluded age.
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4. Results

4.1. Core stratigraphy
Correlation of the physical and magnetic parameters measured on the piston cores

(JPC) and their companion trigger weight cores (TC) suggests that 51 cm and 80 cm of
sediments were lost due to coring at the top of cores 8JPC and 6JPC, respectively (Fig. 2).
The missing piston core sediments were taken into account and all depths hereinafter are
expressed as adjusted depth if not otherwise specified. Because of significant sediment
disturbances in the u-channel sampled from the trigger weight core 6TC, only measurements
from the whole core (i.e. MSCL measurements) were used for correlation purposes of cores
6JPC and 6TC. A higher sediment lost (147 cm) at the top of core 6JPC is also possible and
suggested by the diffuse spectral reflectance data (Ortiz et al., this issue). Even thought the
depth scale is here presented using an adjustment of 80 cm, the possible higher sediment loss

is also taken into account for the construction of core 6JPC age model (see section 5.5).

A significant change in all the physical and magnetic parameters occurs at 935 ¢cm in
core 6JPC and 1230 cm in core 8JPC (Fig.3). The top sedimentary unit of both cores is
characterized by olive gray to dark olive gray fine mud to sandy mud. These sediments are
typical of Arctic shelf postglacial sediments (e.g., Syvitski, 1991; Darby et al., 2006; Keigwin
et al., 2006; Barletta et al., in press). In addition, numerous black iron sulfides are found
within this unit. The basal sedimentary unit of core 8JPC is composed of gray to dark gray,
stiff mud with sand and coarser grains, suggesting deposition in a glacial/deglacial regime
and/or in nearshore environments during the sea-level rise. In core 6JPC, the bottom of the
top unit occurs at 935 cm and the first centimeter-scale dropstone is found above this
transition, at 910 cm. Other dropstones are found at 1132 cm and 1290 cm, whereas ice rafted
debris (IRD) are common from 1515 cm to the end of the core. Between 935 and 1515 cm,
the sediment is composed of brown and olive gray mud laminations where sand and
bioturbated contacts are found, which is typical of glaciomarine sediments (Syvitski, 1991).
This interpretation is supported by an age of 13 850 cal BP at 858-860 cm (Table 2). From
1515 to 1535 cm, a yellowish brown sandy mud horizon with IRD is observed and has a
relatively higher concentration of high coercivity magnetic minerals as shown by a sharp

decrease 1n the pseudo-S ratio (gray interval at the base of Fig. 3a). Below this horizon, the
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Figure 2. Correlation of the physical and magnetic parameters between the jumbo piston core
(JPC) and its trigger gravity core (TC) plotted with a 5 points moving average function. The
magnetic susceptibility (ki) and bulk density measurements were acquired on board on
whole cores, whereas the magnetic remanence values (NRM, ARM, IRM) were measured on

u-channel samples.
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Figure 3. Downcore physical and magnetic properties with simplified lithology of cores a) 6JPC and b) 8JPC. The upper
dashed rectangle indicates the postglacial sedimentary unit of each core. Unreliable intervals are highlighted in gray (see
text for details). Circles along the core denth axes represent the location of radiocarbon dated material as listed in Table 2.



sediment becomes dark gray stiff sandy mud with the presence of IRD. The lowermost 50 cm
contain patches with iron sulfides similar to postglacial sediments. Overall, the basal unit of
core 6JPC contains multiple lithological changes and IRD, suggesting deposition in variable

glacial/deglacial environments.

The following intervals were excluded from the dataset of core 6JPC postglacial unit
due to sediment disturbance or incomplete filling of the u-channel as revealed by CAT-scan
images and CT number: 121 to 127 cm, 332 to 355 cm, 385 to 400 cm and 446 to 456 cm.
Similarly, the following intervals of core 8JPC postglacial unit were excluded: 170-194 cm,
485-507 cm and 1009-1018 cm. These unreliable intervals represent only 6.7% of the

postglacial units.
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Figure 4. AF demagnetization behavior and orthogonal projection diagrams of samples
from the postglacial (top) and the basal (bottom) units of cores a) 6JPC and b) 8JPC. Open
(close) circles denote projections on the vertical (horizontal) plane.
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4.2. Natural remanent magnetization
A strong and stable characteristic remanent magnetization (ChRM) can be isolated in

both cores between the AF demagnetization steps of 20-70 mT (Fig. 4). A weak viscous
component is removed after a 15 mT or less demagnetization field. The mean postglacial
NRMomt (NRMjs.somt) for core 6JPC is 0.058 £+ 0.035 (0.023 + 0.014 A/m) and the mean
postglacial NRMgpt (NRMzs.s0m1) for core 8JPC is 0.064 £ 0.042 (0.012 £ 0.006 A/m).

4.3. Paleomagnetic directional data
The ChRM inclinations in the postglacial units of both cores vary around the

calculated geocentric axial dipole (GAD) inclinations for the latitude of the coring sites (Fig.
5). The mean inclination value of the postglacial unit of core 6JPC (8JPC) is 81.4° + 21.2°
(79.3° + 14.4°) and the GAD inclination value is 81.1° (80.6°). The ChRM declinations were
corrected for rotation at section breaks and corrected for similar circular values (e.g., 0 and
360°) to obtain a continuous record. The declination data are relative and centered at zero

since the coring was not azimuthally oriented.
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Figure 5. Downcore variation of ChRM inclination, declination and MAD values of cores
a) 6JPC and b) 8JPC. The vertical line on the inclination graph indicates the expected
GAD value for the latitude of the sampling site. The dashed rectangle indicates the
postglacial sedimentary unit of each core. Unreliable intervals are highlighted in gray

(MAD values > 10°).
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The maximum angular deviation (MAD) values can be used to assess the quality of
the directional data (Kirschvink, 1980). Intervals with MAD values higher than 10° are
highlighted in Fig. 5. Only one of these intervals is found in the postglacial units, where
MAD values are generally lower than 5° as recently proposed by Stoner and St-Onge (2007)
for high quality Quaternary directional data. High MAD values generally reflect poorly
defined ChRM due to incomplete filling of the u-channel (e.g., from 121 to 127 c¢cm in the
postglacial unit of core 6JPC, Fig.5) or a magnetic mineral assemblage not suitable for
recording the geomagnetic field, for example IRD-rich layers (e.g. highlighted intervals in
both cores basal unit, Fig.5).

4.4. Magnetic mineralogy
Pseudo S-ratio values are close to 1 (Figure 3) with a postglacial mean of 0.99 and

0.98 for cores 6JPC and 8JPC, respectively. This indicates that saturation of the magnetic
assemblage is achieved in a 0.3 T field, which is typical of low coercivity minerals such as
magnetite. The shape of the hysteresis curves from both postglacial units (Fig. 6) is also
characteristic of low coercivity ferrimagnetic mineral like magnetite (Tauxe et al., 1996),
with saturation fields below 0.2 T. Furthermore, Mrs/Ms values ranging between 0.1 and 0.3
(Figure 7) are typical of magnetite/titanomagnetite grains (Day et al., 1977; Tauxe, 1993).
The pseudo s-ratio, the hysteresis curve and the Day plot suggest that the postglacial
mineralogy i1s most likely dominated by magnetite. Thermomagnetic curves measured on
nearby 5JPC confirmed the presence of magnetite with Curie temperatures of 577-580 °C,
and a second phase with Curie temperatures of 360-380 °C (Brachfeld et al., this issue). This
lower Curie temperature was observed only in the heating curves, and was not reversible in
experiments run from 25-350 °C only (Brachfeld et al., this issue). We speculate that this
indicates the presence of greigite. However, the IRM,10.9T/k ¢ postglacial averages of 15.8
kA/m and 12 kA/m for core 6JPC and 8JPC, respectively, verify that even though iron
sulfides are present in the postglacial units, neither greigite nor pyrrhotite dominates the
magnetic mineral assemblages (Maher et al., 1999). The average MDF for the postglacial
sediments is 27.5 mT for core 6JPC and 12 mT for core 8JPC. These values are again
consistent with magnetite and the presence of coarser grains in core 8JPC accounts for the

lower MDFs (see section 4.5).
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Figure 6. Typical hysteresis curves and derived parameters for the postglacial unit (upper
graph) and the basal unit (lower graph) of cores a) 6JPC and b) 8JPC.

Higher amplitude and frequency variations of the pseudo S-ratio in the basal units of
both cores (Figure 3) illustrate a varying magnetic mineralogy. The Day plot (Day et al.,
1977) (Fig. 7) illustrates that samples from the basal unit of both cores generally fall in the
lower part and outside the theoretical lines for PSD or multi-domain (MD) magnetite,
suggesting a mineralogy that may not be entirely dominated by magnetite. The typical shape
of the hysteresis curves of the basal units (Fig. 6) also indicates a higher paramagnetic
contribution than in the postglacial unit, in addition to the presence of higher-coercivity
minerals such as (titano)hematite and goethite (Tauxe et al., 1996; Barletta et al, in press;

Brachfeld et al., this issue).
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Figure 7. Day plot (Day et al., 1977) of cores 6JPC and 8JPC pilot samples. All samples
from the postglacial units (solid symbols) fall in the pseudo-single domain (PSD) range for
magnetite.

4.5. Magnetic granulometry
The optimal magnetic grain size window for paleointensity determinations

corresponds to magnetite grains from 1 to 15 um characterized by pseudo-single domains
(PSD) magnetic state (King et al., 1983; Tauxe, 1993). For the postglacial unit of cores 6JPC
and 8JPC, the IRMgy,10.9T vs ki r diagram (Thompson and Oldfield, 1986) (Fig. 8) indicates
magnetic grains sizes generally between 1 and 16 pm and the Day plot (Day et al., 1977)
(Fig. 7) indicates a PSD magnetic grain size. The Day plot (Fig. 7) also suggests generally
coarser PSD grains in core 8JPC than in core 6JPC. Similarly, the mean postglacial values of
IRMy10.9T/k r and kARM/k; ¢ (Fig.3) for core 8JPC (12 kA/m and 10.5, respectively) are
lower than for core 6JPC (15.8 kA/m and 20, respectively) and indicate coarser mean
magnetic grains. The presence of slightly coarser grains in core 8JPC is not only attributed to
magnetic grains. The average downcore mean size of the < 45 um fraction measured by laser
diffraction is 14.2 £ 2.5 um for core 8JPC and 7 £ 0.5 pm for core SJPC (Darby et al., this
issue), a core located approximately 25 km from core 6JPC on the continental slope (location
on Fig.1). Considered together, the magnetic grain size indicators suggest that the magnetic
granulometry of both core postglacial units is within or close to the theoretical PSD limits for

magnetite and that core 8JPC contains coarser PSD grains than core 6JPC.
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Figure 8. Magnetic grain size indicator SIRM vs kLF for cores a) 6JPC and b) 8JPC. The
reference lines for magnetite are from Thompson & Oldfield (1986).

The postglacial unit of core 6JPC depicts a slight downcore increase of wet bulk
density, ki and CT number with depth, while magnetic grain size indicators
(IRMp10.9T/kLr and kARM/kig), NRMjs.somt and ARMss.somt decrease (Fig. 3). These
results suggest a trend of increasing magnetic grain size and/or a trend of decreasing
concentration of the fermmagnetic material with depth. Such a long-term trend was also
observed in core HLY-0501-05JPC (Barletta et al., in press), but is absent in core 8JPC.
Finally, in the basal unit of both cores, the magnetic grain size ratios (IRMg,10.9T/k r and

kARM/k ) as well as the Day plot (Fig. 3 and 7) indicate the occurrence of coarser grains.

4.6. Magnetic concentration
Rock magnetic parameters all depend on the concentration of magnetic materials

present in a sediment sample. Therefore, the optimal sediment sequence for relative
paleointensity determinations has a uniform concentration of magnetic grains. Figure 9
illustrates the variability of the magnetic concentration within the postglacial unit of each
core. Despite an interval with lower ARM in core each core and an interval with weaker ki ¢
(uppermost core section) in core 6JPC, concentration variations are below a factor of 10. This

degree of variability is satisfying for paleointensity reconstructions (Tauxe, 1993).
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Figure 9. Changes in magnetic concentration in the postglacial unit of cores a) 6JPC and b)
8JPC. The vanability on each axis is indicated. A variability lower than one order of
magnitude is required for paleointensity determination (Tauxe, 1993).

5. Discussion

5.1. Initial stratigraphy
The physical and magnetic properties of cores 6JPC and 8JPC Jead to the

identification of two major sedimentary units: an upper postglacial unit and a bottom
glacial/deglacial unit (Fig. 3). The basal units display higher amplitude and higher frequency
changes of the magnetic mineralogy, as well as coarser magnetic grain sizes and intervals
with MAD values > 10° (Fig.5). Because of this heterogeneity as well as the enhanced
contribution of paramagnetic over ferrimagnetic material in the basal units (Fig. 3, 6), we will

now focus on the postglacial units.

The postglacial units have a homogeneous lithology and most likely contain sediment
eroded from the previously glaciated North American continent. Such terrains are generally
an excellent source of fine-grained magnetic minerals for geomagnetic recording (Stoner and
St-Onge, 2007). An abundance of silt- and sand-size magnetic minerals, particularly
magnetite and titano-magnetite occur in sediments along the Alaskan margin and throughout

the Arctic Ocean (Darby, 2003; Darby and Bischof, 2004; Bischof and Darby, 1997, 1999).
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5.2. Preliminary age model
The radiocarbon-based age model of core 8JPC is presented in Figure 10. A sharp and

unlikely inversion in sedimentation rates would be assumed at the base of the postglacial unit
if all dates were considered. The only date derived from a gastropod shell was considered too
old (remobilized) and excluded (core 8JPC at 1201 cm; Table 2). The remaining ages were
derived from 8 bivalve shells well distributed on the 12 m of postglacial sediment with a
mean distance of 157 +/- 99 cm. This age model is consistent with the very high
sedimentation rates (>100 cm/ka) observed on the western Arctic margin during the early
Holocene (Hill et al., 1991; Keigwin et al., 2006; Barletta et al., in press). As a result, the
resolution of paleomagnetic measurements on core 8JPC is very high, especially between
5000 and 8000 cal BP, where the average estimated sedimentation rate is 348 cm/ka. The age

model of core 8JPC suggests a major decrease of sediment supply (approximately 9 times
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Figure 10. Radiocarbon-based age model of core 8JPC. Linear fit (dashed lines) equations
and estimated sedimentation rates (SR) are indicated. The excluded date is shown with an
open symbol.
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less; Fig.10) on the continental shelf near Barrow Canyon beginning around 5000 cal BP.
Similar steep changes in sedimentation rates have been observed on the continental shelf of
the Laptev Sea (Bauch et al., 2001), in Hope Valley (west of Alaska) and on the upper
Chukchi slope near Barrow canyon (Keigwin et al., 2006), whereas it is not observed on the
lower Alaskan slope (Barletta et al., in press). This change in sedimentation rate on Western
Arctic continental shelves might be linked to the stabilization of sea-level after the last
marine transgression, in conjunction with the intensification of currents near Barrow Canyon

(Darby et al., this issue).

5.3. Record reliability for relative paleointensity determination
The results presented above indicate that cores 6JPC and 8JPC postglacial units satisfy

the criteria for the determination of paleomagnetic secular variation (PSV) and relative
paleointensity (RPI) records (e.g., King et al., 1983; Tauxe, 1993, Stoner and St-Onge, 2007).

These criteria include the following:

1) There is a strong and stable well-defined single component characteristic remanent

magnetization (ChRM; Fig.4);

2) MAD values are generally lower than 5° and ChRM inclinations vary around the

theoretical GAD inclination for each site (Fig.5);
3) The magnetic remanence carrier is PSD magnetite (Figs.7, 8);

4) Changes in the magnetic concentration vary by less than 1 order of magnitude (Fig.9).

5.4. Relative paleointensity proxy
The NRM recorded by sediments reflects changes in both the geomagnetic field

intensity and concentration of ferrimagnetic material (e.g.,Tauxe, 1993). To compensate for
the effect of concentration changes on the measured NRM and to obtain a relative
paleointensity record, the NRM is commonly normalized by a concentration-dependant rock
magnetic parameter (e.g., NRM/k g, NRM/ARM, NRM/IRM, NRM/SIRM; e.g., see reviews
of Tauxe, 1993; Valet, 2003; Stoner and St-Onge, 2007).

The average over the demagnetization steps 25 to 50 mT (6 steps) was used for ARM,

IRM and SIRM, as these steps are part of the ChRM and each individual ratio is consistent
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over this interval (small standard deviations, Fig.11). All normalized intensity records
(NRM3om1/kLr, NRMas.somr /ARMas somt, NRMps_somt /IRMps.somt and NRMys somr /SIRM,s.
somt) Were divided by their mean value for inter-comparison. The four ratios yield similar
profiles (Fig.11), except for one interval in each core (gray intervals in Fig. 11), where low
ARM values have been observed (Fig.3 and square symbols in Fig.9). Apart from these two
intervals, the overall similarity of the normalized magnetic remanence records for each core
suggests that the same magnetic assemblages are activated. The NRMjgnr/kie, NRMzs.
somT/ IRMas.somr and NRMys_som1/SIRMss.50mt 0f both cores are not correlated with their
normalizer (R2 < 0.1), whereas NRMas.som1/ARMys.somr for core 8JPC seems slightly
correlated (R2= 0.1 for core 6JPC and 0.4 for core 8JPC).

Cross-spectral analysis reveals that the relative paleointensity proxies of core 6JPC
are not coherent with their normalizers, whereas NRMsg, 7k and NRMjs.sqmt /ARM5.50mT
of core 8JPC appear coherent at the 95% confidence level over several frequencies (Fig.12).
NRMss somt /IRMzs.somt 18 the least coherent (Fig.12 B), with a significant peak only
observed at a period centered around 120 years. Because a paleointensity estimate should not
correlate with bulk rock magnetic parameters (Tauxe, 1993), NRMjs_somt/IRMas.50mt 1S the
chosen ratio for cores 6JPC and 8JPC.
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Figure 11. Normalized intensity for cores A) 6JPC and B) 8JPC. The standard deviation for
each ratio mean (from 25 mT to 50 mT) is represented by double gray lines. Gray intervals
highlight where the four normalization parameters result in different relative paleointensity
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3.5, Paleomagnetic secular variation and relative paleointensity records in the Western

Arctic

In order to assess the quality of the paleomagnetic records of core 6JPC and 8JPC on a
regional scale and to constrain the chronology of core 6JPC, which has only one radiocarbon
date in the postglacial unit, the paleomagnetic vectors (inclination, declination and relative
paleointensity records) were compared together, as well as with a recently published nearby
record (core 5JPC; Barletta et al., in press; location on Fig.1). The full vector correlation of
the three cores from the Alaskan margin is supported by the available Holocene records from
the Beaufort Sea (core 803; Barletta et al., in press) and from high latitude sites in Western
North America from British Columbia, Canada (Mara Lake; Turner, 1987) to Alaska, USA
(Grandfather Lake; Geiss and Baneree, 2003). For comparison to paleomagnetic secular
variation records that are not affected by radiocarbon reservoir effect nor complicated by old
carbon issues, we also compare cores 6JPC and 8JPC with the Holocene Western USA
compilation from lava flows (PSVL; Hagstrum and Champion, 2002). Comparison of these
records (Fig. 13) reveals the overall agreement between the three HOTRAX records (SJPC,
6JPC & 8JPC) and with other high latitude Western North American records, indicating that
cores 6JPC and 8JPC have recorded coherent changes in Earth’s magnetic field behavior.
There are numerous correlative features, including abrupt ones (e.g., I-1, D-1; Fig.13 A and
B) where rapid directional changes have been recorded. The geomagnetic inclination and
declination records calculated for the coring sites (71.63°N, 156.87°W) using the cals7k
spherical harmonic model (Korte and Constable, 2005; Fig.13 A and B) is also shown and
depict similar PSV profiles at the millennial to centennial timescale, further supporting the

reliability of the Western Arctic records.

Figure 13. (Next page) Full vector paleomagnetic comparison of cores 6JPC and 8JPC with
regional records on their own chronology. Core 6JPC is shown with its adjusted depth scale.
A) Inclination, B) Declination and C) Relative paleointensity records from Western North
American volcanic rocks (PSVL; Hagstrum and Champion, 2002), Grandfather Lake
sediments, Alaska (GFL; Geiss and Banerjee, 2003), Beaufort Sea and Alaskan margin
sediments (cores 803 and 5JPC; Barletta et al., submitted), Mara Lake sediments, Western
Canada (MR; Tumer, 1987). Also illustrated are the cals7k spherical harmonic outputs for the
Alaskan margin (derived from Korte and Constable, 2005). The Mara Lake chronology was
calibrated using the IntCal04 calibration curve (Reimer et al., 2004). The pale line on the
Alaskan margin plots (SJPC, 6JPC and 8JPC) represents the high resolution records and the
dark line represents an 11 points moving average function. Correlative features discussed in
the text are illustrated.
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The feature I-1 at 2030 +/- 130 cal BP is particularly striking (Fig.13 A) and is
characterized by a large amplitude change in all available Western North American records.
In addition, all paleomagnetic inclination records (Fig.13A) yield the same general
shallowing trend from ~ 6000 to 2500 cal BP, followed by a sharp inclination steepening
(ending at feature I-1).

The three Alaskan margin records (5JPC, 6JPC and 8JPC) present a major declination
swing beginning at 5660 +£160 cal BP and ending at feature D-1 (Fig. 13; Table 3), with
amplitudes of 700°, 250° and 95°, and for duration of 70 cm, 160 and 130 years for cores
6JPC, 8JPC and 5JPC, respectively. The declination feature D-1 is not located at section
breaks and the difference in amplitude could have resulted from different rate of core twisting

during piston coring.

A total of 10 correlation tie points (Fig. 13 and Table 3) have been used to constrain
the chronology of core 6JPC. The standard deviation for a given feature was at most 180
years. This difference is likely associated with radiocarbon dating and radiocarbon reservoir
effect uncertainties. The ages of the correlation-based tie points for the postglacial unit of
core 6JPC (Fig.14) are consistent with the available radiocarbon date obtained at 850-852 cm
(Table 2) and, assuming a linear sedimentation rate, are comparable to the age model of core
5JPC (Barletta et al., in press), which was cored nearby on the slope (Fig.1). The two
plausible offsets between core 6JPC and its trigger core do not affect the estimated
sedimentation rate for the postglacial unit (Fig. 14) or the ages of the paleomagnetic features
(Table 3). Moreover, the coincidence of paleomagnetic features between the spherical
harmonic model prediction and the lava flow compilation, which are not affected by reservoir
effects, along with the marine and lacustrine sedimentary records from Western North

America (Fig. 13) supports the use of a AR of 0 at the Alaskan margin.
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Table 3. Ages of paleomagnetic inclination, declination and paleointensity features used for
the identification of tie-points.

Paleomagnetic 6JPC adjusted depth (cm) Age (cal BP) Mean age std
feature Nem MTENSipc gipC 803 GFL ML PSVL  (calBP) ()
I1 144 211 1900 2200 2000 2100 1850 2150 2030 130
R1 192 259 2200 2250 2000 2150 110
R2 308 375 3450 3650 3650 3580 90
Dl 586 653 5900 5650 5780 130
R3 595 662 5850 5500 5680 180
12 607 674 6050 5950 6000 70
R4 666 733 6450 6200 6330 130
D2 819 886 7750 7850 7800 50
RS 859 926 7650 7700 7680 30
I3 882 949 8000 7800 7700 7830 120

The difference in postglacial sediment thickness found at the two sites (6JPC and
8JPC; Fig.l and 3) suggests higher sedimentation rates at core site 8JPC than at 6JPC,
notably between 5000 and 8000 cal BP. The estimated sedimentation rate during this interval
for core 8JPC is 348 cm/ka (Fig.10), while the Holocene sediment of cores 6JPC and SJPC
would have accumulated at about 115 cm/ka (Fig.14A) and 144 cm/ka (Barletta et al., in
press), respectively. Since core 8JPC is located near the Barrow Canyon on the continental
shelf, overflow deposits as well as the proximity to the coast may account for the sediment
supply difference. The proximity of Barrow Canyon could also explain the presence of
coarser PSD magnetic grains in core 8JPC than in core 6JPC (Figs.7, 8), as core 6JPC was
from the lower mid-slope in deeper waters and further away from the sediment source than
core 8JPC. Despite their proximity to each other, cores 8JPC and 6JPC have considerably
different sedimentation histories as core 8JPC is located on the continental shelf near the
Barrow Canyon and is strongly controlled by changes in sea level and changes in

hydrodynamic conditions.
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Figure 14. Depth vs age diagram of core 6JPC based on the identified paleomagnetic tie points
(Table 3) considering an offset of A) 80 cm and B) 147 cm between the piston (6JPC) and the
trigger weight (6TC) cores. Both age models fall within the error bar limits of the available
radiocarbon date (Table 2) shown with a thicker symbol. The black line is an interpolation
between points or cluster of points (Ortiz et al., this issue) and the dashed line represents a
linear fit in all the points. The linear fit equation and derived sedimentation rate (SR) for the
two possible adjusted depth-scales of core 6JPC (dashed line) are illustrated for comparison.
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6. Conclusions

Cores 6JPC and 8JPC represent two new high-resolution full vector paleomagnetic
archives covering the postglacial period in the western Arctic. The chronology of core 8JPC
is radiocarbon-based and the chronology of core 6JPC is based on ten paleomagnetic tie-
points and one radiocarbon date. Full paleomagnetic vector comparison (inclination,
declination and relative paleointensity) was used to constrain the chronology of core 6JPC
using three nearby high-resolution marine sedimentary sequences and other Western North
American records including Western North American high latitude lacustrine sequences and
a compilation of North American lava flows. Since dating marine sediment is not
straightforward at high latitudes, this study thus highlights the usefulness of high-resolution
paleomagnetic records for the development of high-resolution Holocene Arctic
chronostratigraphies.

Consistent centenmial- to millennial-scale inclination, declination and relative
paleointensity features are identified in the marine Western Arctic records (SJPC, 6JPC, 8JPC
and 803), allowing their use as regional chronostratigraphic markers. Moreover, the
concordance of these paleomagnetic features with the ones recorded in lacustrine and lava
flow records supports their geomagnetic nature, the chronology of the records and the applied
reservoir corrections. In addition, some abrupt and high amplitude directional changes are
particularly striking, including a maximum in declination at an average age of 5780 + 130 cal
BP (feature D-1) followed by a sharp declination swing and a maximum in inclination at an
average age of 2030 £ 130 cal BP (feature I-1), which is preceded by a sharp inclination
steepening and followed by a sharp inclination shallowing.

Finally, the two Arctic Alaskan margin postglacial chronologies suggest different
sedimentation histories at core sites 8JPC and 6JPC. On the continental slope (core 6JPC),
postglacial sedimentation rates are high (> 100 cm/kyr) and relatively constant. On the other
hand, overflow deposits from the Barrow Canyon were deposited on the continental shelf
(core 8JPC) under very high sedimentation rates (~350 cm/kyr) between approximately 8000

and 5000 cal BP, followed by a major decrease in sedimentation rates after 5000 cal BP.
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Discussion générale

L’analyse des propriétés physiques et paléomagnétiques ainsi que la description
détaillée des séquences sédimentaires 6JPC et 8JPC ont mis en évidence des accumulations
de plusieurs métres de sédiments postglaciaires (9,25 et 12,3 m, respectivement). Les unités
postglaciaires sont homogenes et les archives paléomagnétiques contenues rencontrent les
criteres de fiabilité pour les reconstitutions d’orientation (inclinaison, déclinaison) et de

paléointensité relative (e.g., King et al., 1983; Tauxe, 1993; Stoner and St-Onge, 2007).

Les vecteurs magnétiques complets des séquences sédimentaires de la mission
océanographique  HOTRAX (SJPC, 6JPC, 8JPC) présentent une variabilité millénaire
semblable et les variations d’orientation (inclinaison et déclinaison) sont similaires au modéle
CALS7k (Korte et Constable, 2005 ; Fig.13), suggérant que les variations enregistrées sont

effectivement celles du champ géomagnétique.

Le modele d’age de la séquence sédimentaire 6JPC a été construit a partir de 10 points
de comparaison du vecteur paléomagnétique complet (inclinaison, déclinaison et
paléointensité relative ; Tableau 3) avec des enregistrements sédimentaires marins et lacustres
des hautes latitudes de I'ouest de I’Amérique du Nord (Turner, 1987; Geiss and Banerjee,
2003; Barletta et al., sous presse) ainsi qu’avec des enregistrements de roches volcaniques de
I’ouest de I’Amérique du Nord (Hagstrum et Champion, 2002) (voir la Figure 1 pour la
localisation). Les points de comparaison utilisés pour établir la chronostratigraphie de la
séquence sédimentaire 6JPC sont des variations souvent abruptes et de grande amplitude qui
ont le potentiel d’étre utilisés comme marqueur chronostratigraphique en Arctique de 1’Ouest.
Par exemple, le point de corrélation I-1 a 2030 + 130 cal BP est observé dans tous les
enregistrements disponibles (Tableau 3 ; Fig. 13A) et jusqu’a une distance d’environ 3800

km (Fig.1 ; Tableau 4).
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Tableau 4. Distance entre le site 6JPC en Arctique de I’Ouest et les enregistrements
palomagnétiques utilisés pour les points de corrélation énumérés dans le Tableau 3.

Site Distance de 6JPC (km)
6JPC 0
5JPC 30
8JPC 100
803 790
GFL 1390
ML 3030
PSVL 3800

Les principales difficultés lorsque sont comparés des enregistrements
paléomagnétiques de séquences sédimentaires sont 1) les différences d’amplitude et 2) la
possibilit¢ d’une empreinte environnementale ou climatique résiduelle malgré une
normalisation de la magnétisation naturelle rémanente (NRM) (e.g., Brachfeld, 2000).
Lorsque le taux de sédimentation est faible, ’enregistrement est plus lissé qu’en présence
d’un taux de sédimentation élevé et ainsi ’amplitude des variations est moindre (e.g., Lund
and Keigwin, 1994 ; Roberts and Winklhofer, 2004 ). Cet effet est bien illustré par
I’enregistrement paléomagnétique 8JPC (Fig. 13). Lorsque le taux de sédimentation diminue
abruptement vers 5000 cal BP, 'amplitude des variations diminue également. Hormis cet
intervalle, I’ensemble des séquences sédimentaires utilisées pour les comparaisons possédent
des taux de sédimentation €levés (> 100 cm/ka) durant la période postglaciaire, allant méme
jusqu’a 348 cnvka et les enregistrements ont une variabilit¢ millénaire similaire. I n’est
toutefois pas exclu que I’amplitude des variations a trés haute fréquence (i.e., variabilité
séculaire) de la paléointensité relative puisse étre influencée par une empreinte
environnementale ou climatique malgré la normalisation de la NRM. En effet, I’analyse
spectrale croisée suggére une fenétre de cohérence centrée a environ 120 ans entre la

paléointensité relative et son normalisateur (Fig. 12).

Les taux de sédimentation estimés a partir des modéles d’age pour chacun des sites de
carottage (6JPC situé sur le talus, Fig. 14 ; 8JPC situé sur le plateau continental, Fig. 10)
reflétent des histoires sédimentaires différentes depuis la derniere déglaciation. Au site de

carottage 6JPC, le taux de sédimentation postglaciaire est estimé constant et le modele d’age
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est comparable a ce qui a été observé au site SJPC (Barletta et al., sous presse), aussi situé sur
le talus continental. Au site de carottage 8JPC sur le plateau continental et & proximité du
canyon Barrow, une diminution importante des vitesse de sédimentation vers 5000 BP est
mise en évidence et corrobore les précédents résultats sur les plateaux continentaux de

I’Arctique de I’Ouest (Hill et al., 1991 ; Bauch et al., 2001 ; Keigwin et al., 2006).

Conclusion générale

Les unités postglaciaires des séquences sédimentaires 6JPC et 8JPC constituent deux
nouvelles archives paléomagnétiques a haute résolution de la période Holocéne en Arctique
de ’ouest avec des vitesses de sédimentation atteignant 348 cm/ka. La chronologie de la
séquence sédimentaire 8JPC a été déterminée par datations radiocarbones et la chronologie de
la séquence sédimentaire 6JPC a été¢ déterminée par magnétostratigraphie, en comparant le
vecteur paléomagnétique complet (inclinaison, déclinaison et paléointensité relative) avec
ceux d’enregistrements provenant des mers de Chukchi et de Beaufort, ainsi qu’avec d’autres
enregistrements de I’ouest de I’Amérique du Nord, incluant des enregistrements de sédiments

lacustres de 1’ Alaska et de la Colombie-Britannique et des coulées de laves.

Ce mémoire de maitrise a permis de reconstituer la variabilit¢ de haute fréquence du
champ magnétique terrestre en Arctique de 1’Ouest et de proposer des points de comparaison
qui ont le potentiel d’étre utilisé comme marqueurs chronostratigraphiques. Une plus grande
couverture spatiale d’enregistrements paléomagnétiques arctiques pourrait permettre le
développement de courbes paléomagnétiques maitresses (inclinaison, déclinaison et

paléointensité) pour I’ensemble de I’ Arctique.

Ce mémoire a aussi permis de préciser la chronostratigraphie des sédiments postglaciaires
de la marge continentale est de la mer de Chukchi. Comme une bonne connaissance de la
chronostratigraphie est a la base de toute reconstitution paléoenvironnementale et climatique,
ce travail de recherche fourni les assises d’une étude de paléomagnétisme environnemental

depuis la derniére déglaciation en Arctique de ’ouest.
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