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Abstract

Paleomagnetic and rock magnetic investigations were carried out on four gravity cores recovered from the western continental rise
of the Antarctic Peninsula during the SEDANO II cruise of RV OGS-Explora. The studied cores, each about 6.5 m-long, were
collected at a depth of 3700—4100 m below the sea level, on the distal gentle side of sediment Drift 7, and consist of very fine-grained
sediments spanning through various glacial—interglacial cycles. Detailed analysis of the paleomagnetic and rock magnetic data
allowed to reconstruct relative paleointensity (RPI) records (NRM»g ,,7/ARM,q ) for each core. We established a refined age model
for the studied sequences by correlating individual SEDANO RPI curves to the global RPI stack SINT-800 [Y. Guyodo, J.-P. Valet,
Global changes in intensity of the Earth’s magnetic field during the past 800 kyr, Nature 399 (1999) 249-252]. The individual
normalized SEDANO RPI records are in mutual close agreement; they were thus merged in a RPI stacking curve spanning the last
270 kyr and showing a low standard deviation. This study also points out that RPI records may provide a viable tool to date otherwise
difficult-to-date sedimentary sequences, such as those deposited along peri-Antarctic margins. The new RPI chronology indicates that
the sampled sedimentary sequence is younger than previously thought and allows a new high-resolution correlation to oxygen isotope
stages. Furthermore, we recognized variations in the rock magnetic parameters that appear to be climatically-driven, with changes in
the relative proportion of two magnetic mineral populations with distinct coercivities. Rock magnetic and lithological trends observed
in the SEDANO cores indicate that during the climatic cycles of the Late Pleistocene this sector of the peri-Antarctic margin was
subjected to subtle, yet identifiable, environmental changes, confirming a relatively higher instability of the West Antarctic ice sheet
with respect to the East Antarctic counterpart.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Since the late 1970’s geomagnetic relative paleo-
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powerful high-resolution tool for stratigraphic correla-
tions of sedimentary sequences deposited during the
Brunhes Chron.

Following the development of the research, synthetic
global RPI stack curves were progressively compiled for
the last 200 kyr (SINT-200 [14]) and 800 kyr (SINT-800
[15]) and successively refined for the last 75 kyr with
RPI stacks both at regional and global scales (NAPIS-75
[16], SAPIS [17] and GLOPIS-75 [18]). These synthetic
RPI stacks provide target curves for correlating
individual RPI records and to tie them to the SPECMAP
orbitally tuned 8'®O reference curve [19-21].

Other RPI records and stack curves expand detailed
RPI reconstructions to older time intervals back in to the
Matuyama Chron [22-30].

Generally RPI curves from different regions show a
mutual good agreement on the main long period
features, but they often disagree on the amplitude of
the individual highs and lows and on high-frequency
features. Discrepancies may be caused by uncorrected
environmental factors, local geomagnetic field effects,
differences in the paleomagnetic lock-in depth functions
[31,32], or by some shift in ages between cores due to an
incomplete knowledge of the age to depth relationship
in the sedimentary sequences [33].

The available RPI records, though effectively spread
on a worldwide distribution, refer mostly to low- and
mid-latitudes. Only a few RPI curves were recently
obtained from high-latitudes of the Southern Hemi-
sphere [11,17,27,34-38]. Anyway, a proper reconstruc-
tion of the relative geomagnetic dipole strength variation
during geological past needs plenty of experimental
evidences, also from the polar regions. For this reason,
the construction of RPI records from marine sediments
of the peri-Antarctic margins must be regarded as a good
chance for the establishment of an ever more accurate
reconstruction of past geomagnetic dipole intensity
variations.

Furthermore, RPI records can be used as a stratigraphic
tool to solve chronological uncertainties in deep sea
sedimentary record of the Southern Ocean south of the
polar front. These records have been often neglected
from paleoceanographic studies because Antarctic deep
and bottom waters are corrosive with respects to bio-
genic carbonate, and the resulting stratigraphy is de-
prived of the paleoenvironmental and age proxies derived
from the stable isotopes composition of oxygen and
carbon in foraminiferal skeletons. In this context, RPI
studies may provide a unique and original age model, at
high-resolution, to which refer the occurrence of geo-
logical and climatic events as recorded in the sedimen-
tary sequences deposited in the peri-Antarctic margins.

In this work, we present the RPI data of four
SEDANO II cores, collected from the continental rise of
the Pacific margin of the Antarctic Peninsula (Fig. 1).
The aim was to extend back in time the RPI records that
were previously obtained in the same area, spanning a
sedimentary record limited to the last glacial—intergla-
cial cycle (i.e. the last 80 kyr) in two cores and extended
to the past 160 kyr in only one core [34].

The new RPI records expand the reconstruction of
the relative variation of the geomagnetic field intensity
to the last three full glacial—interglacial cycles and can
be merged to compile a synthetic stacked RPI record for
this sector of the peri-Antarctic margin, spanning the last
270 kyr.

The reconstructed RPI curves are then used to
address chronostratigraphic problems in the sampled
sequence and to establish an original high-resolution age
model for the cores. Finally, we will discuss the effects
of climatic changes on the magnetic mineralogy of the
sedimentary sequence.

2. Geological setting and lithostratigraphy

The depositional system of continental rise in the
Pacific continental margin of the Antarctic Peninsula is
formed by a system of nine sedimentary Drifts having
main-elongated axis perpendicular to the margin, and
separated from the continental slope by a trough
representing a zone of erosion (Fig. 1). Between Drifts
are large channel systems originated by turbidity
currents [39,40].

Multi-channel seismic reflection profiles acquired
over the continental rise, show that the larger hemi-
pelagic sediment Drifts (approximately 100 km long,
50 km wide and with more than 1 km of elevation), have
a characteristic asymmetric cross section, with a steep
SW side and a gently sloping NE side as results of a
south-westward transport and deposition operated by
bottom contour currents, that rework fine sediments
delivered into the system mainly by turbidity currents
and meltwater turbid plumes [39—42].

Five depositional settings have been distinguished
within Drift 7 [40,41], including: (1) Alexander deep sea
channel system, where the sedimentation is directly
influenced by turbidity currents; (2) NE gentle slope of
the Drift facing the Alexander channel system, where the
sedimentation is mainly due to turbid meltwater plumes
and ice-rafted/wind-transported detritus; (3) proximal
crest of the Drift, where the sedimentation is mainly due
to turbid plumes and ice-rafted/wind-transported detri-
tus; (4) distal part of the Drift, with sedimentation
dominated by contour currents and occasionally by distal
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Fig. 1. Location of the studied SEDANO cores (SED-14, SED-15, SED-16 and SED-17) collected on the continental rise of the Pacific margin of the
Antarctic Peninsula. The studied cores are aligned along the elongation axis of the sediment Drift 7, on the distal side sloping toward the abyssal plain.
The study area is centered at about 67°20’ Lat S and 77°20" Lon W, and the cores were recovered at depths of 37004100 m below the sea level.

turbidity flows; (5) steep SW side of the Drift, where the
sedimentation is disturbed by local mass instability and
reworking by contour currents that deplete the deposits
from the fine fraction.

The four deep-sea gravity cores investigated in this
study were collected, within the SEDANO (SEdiment
Drifts of the ANtarctic Offshore) project, on the long axis
ofthe Drift 7, in the distal area towards the abyssal plain,
and consist of mud sequence with few silty layers. Their
position (Fig. 1) is the following: core SED-14
(67°06.82" S—78°10.48" W, 3768 m water depth),
SED-15 (66°58.96" S—78°29.30" W, 3880 m water
depth), SED-16 (66°41.85" S—79°09.60" W, 4055 m
water depth) and SED-17 (66°32.94" S—79°29.03" W,
4130 m water depth).

The stratigraphic framework of the SEDANO cores
was formerly studied and described in detail [41-44].
The Pleistocene sequence of Drift 7 was subdivided in
nine lithostratigraphic units, named from A to I, and
tentatively correlated to Oxygen Isotope Stages (OIS)
from 1 to 11 (see Fig. 2 in Lucchi et al. [41]). On the basis
of micropalaeontological, compositional and sedimen-
tological evidences, a link between paleoclimate and

lithostratigraphy has been originally developed for units
from A to C [41,43,44]. Interglacial intervals were
recognized as consisting of brown bioturbated, diatom-
bearing hemipelagic sediments with sparse ice rafted
debris, foraminifera and radiolarians, while intervals of
grey laminated, barren sediments with millimeter-thick
silty laminae were referred to glacial periods [43]. The
interglacial unit C was correlated to OIS 5 on the basis of
micropaleontological content that include planktonic
foraminifera and calcareous nannofossils. The presence
of'the latter is restricted to this interval, suggesting dating
of the unit C boundaries at ca. 127 and 70 ka [45].

The stratigraphy older than unit C appears more
uncertain and has been developed on the basis of
lithological and textural characteristics, magnetic sus-
ceptibility logs, compositional and biostratigraphic
content of the sediments, though the biostratigraphic
record is discontinuous [45].

A 3 cm thick tephra layer, recognized at the bottom of
the interglacial unit C, represents a fine point of
correlation among the various SEDANO cores [41-
43]. Thirteen discrete volcanic ash layers (tephra) were
identified in the last 200 kyr section of the EPICA-Dome
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C ice record [46,47]. Two of these tephra layers, with
volcanic sources identified in the inland volcanic
provinces of Marie Byrd Land and McMurdo and
dated at ca. 129.5 ka and 139.6 ka [47,48], were also
recognized in the offshore sediments of the northern
Antarctic Peninsula [41-43].

Previous high-resolution RPI dating of SED-02,
SED-04 and SED-06 cores, spanning through units A—
C and reaching unit D in core SED-06 only [34], pointed
out the occurrence within unit B (corresponding to OIS
from 2 to 4) of characteristic decimeter-thick dark grey
mud layers which appear almost coeval to the
millennial-scale Heinrich events, recognized in the
North Atlantic sediments as episodes of increased
iceberg discharge [49-51], and appear therefore as
local climatic proxies [34].

3. Sampling, methods and measurements
In February 2005, 1-m long u-channel samples were

collected from the archives halves of the SED-14, SED-
15, SED-16 and SED-17 core sections, at the Core

Repository of the “Sorting Centre” of the Italian
Museo Nazionale dell’Antartide in Trieste. Magnetic
data were acquired at the paleomagnetic laboratory
of the Istituto Nazionale di Geofisica e Vulcanologia
in Rome, where the u-channels were measured in a
magnetically shielded room using an automated pass
through 2-G Enterprises DC SQUID cryogenic magne-
tometer system, with in-line a Bartington MS2C
susceptibility loop sensor, a set of three orthogonal
alternating field (AF) demagnetizing coils with optional
anhysteretic remanent magnetization (ARM) capabili-
ties, and an isothermal remanent magnetization (IRM)
pulse magnetizer.

The u-channels were measured at 1-cm spacing in
order to obtain high-resolution records of the natural
remanent magnetization (NRM), ARM and the low-
field volume specific magnetic susceptibility (k).
However, the half-width of the response function of
the pick-up coils in the DC SQUID cryogenic
magnetometer is of 4.5 cm, so that remanence values
on the u-channel samples are truly independent every ca.
5 cm.

SED-14 depth 240 cm SED-14 depth 364 cm
NRM = 4.95 x10™° A/m NIUP NRM = 1.46 x10°* A/im N/UP
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Fig. 2. Representative alternating field (AF) demagnetization plots for selected depths of the SEDANO cores. Paleomagnetic data indicated that the
sediments carry a single-component natural remanent magnetization (NRM). A) Equal area projections: open symbols represent projection onto the
upper hemisphere. B) Orthogonal vector diagrams: open (closed) circles represent projections on the vertical (horizontal) planes.
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The NRM was progressively demagnetized by
alternating field (AF) with peak values of 10-20-30—
40-50—60—80—100 mT. Then an ARM was imparted by
translating the u-channels in a constant symmetric AF of
100 mT with a superimposed direct current (DC) bias
field of 0.1 mT, and subsequently stepwise demagne-
tized using the same sequence of AF peaks applied to
the NRM. The translation speed of the u-channels
through the AF coils, during the AF demagnetization
treatment and the ARM acquisition procedure, was kept
at 10 cm/s, that is the lowest speed allowed by the
software running the measurements. This has effect on
the efficiency of the AF demagnetization and the
intensity of the produced ARM [52,53].

An IRM was also imparted on the u-channels in a
steady DC field up to 0.9 T. However, as the intensity of
the IRM exceeded the dynamic range of the SQUIDs,
we will not take the IRM data on u-channel samples into
account in the following.

Finally, with the aim of checking rock magnetic
variations in the sedimentary sequence, hysteresis
properties were measured on 17 chip specimens selected
throughout core SED-16, using a MicroMag alternating
gradient magnetometer (AGM, model 2900, Princeton
Measurement Corporation) with a maximum applied
field of 1 T. Hysteresis measurements were followed by
the acquisition of an IRM and subsequent back-field
demagnetization (both in a succession of fields up to 1 T,
using the same AGM instrument).

4. NRM direction and paleointensity determinations

The characteristic remanent magnetization of the
sediment (ChRM) was isolated by means of AF
demagnetization (Fig. 2). Complete removal of any
possible viscous component or magnetic overprint was
achieved at low fields (10-20 mT). At higher AF the
ChRM was identified as a single, stable and well defined
remanence component, whose orientation was comput-
ed by principal component analysis [54] on the
demagnetization steps.

Given that the NRM of the sediments is essentially a
single-component remanence, from the stepwise AF
demagnetization diagrams we derived the median
destructive field of the NRM (MDFygrvm), defined as
the field required to reduce the NRM intensity to one-
half of its initial value. The MDFyry changes signi-
ficantly throughout the cores (see examples in Fig. 2),
with values mostly included in the range 40—80 mT.
Only for the bottom parts of the SED-16 and SED-17
cores, both representing coarser slumping intervals, the
NRM demagnetization diagrams did not allow a clear

identification of a ChRM, due to unstable magnetic
behavior. Consequently these two intervals were ex-
cluded from further interpretation.

Since the cores were oriented only with respect to the
vertical, we will not discuss the results referring to the
declination of the ChRM. However, the high latitude of
the study site guarantees that the paleomagnetic
inclination is representative enough of the paleomag-
netic vectors and can provide unambiguous identifica-
tion of the paleomagnetic polarity.

The ChRM indicates always normal magnetic
polarity: the paleomagnetic inclination oscillates around
a mean value of ca. —78° (—76.5°+£7.8° for SED-14;
—78.0°+6.0° for SED-15; —73.6°+£6.6° for SED-16;
—78.2°4+7.7° for SED-17), in agreement with the value
expected at ca. 67° S latitude.

The data show only a few thin intervals with
anomalously shallow inclinations (from —40° to —55°)
(Fig. 3). The lack of clear evidence for geomagnetic
excursions, which are often reported in Brunhes
sequences [see reviews in 13,37,55-57], may be due
to the combined smoothing effects associated with the
sedimentation rate, the acquisition of a post-depositional
remanence (i.e. the unknown lock-in depth) [31,32], and
the response functions of the SQUID sensors in the
magnetometer [58,59]. The range of values for x and
ARM intensities through the stratigraphic sequences
(50-500 107> SI and 0.2-0.5 A/m respectively)
indicate variations within the same order of magnitude
(Fig. 3), as well as for their mutual ratio ARM/k. This
indicates that the cores meet the magnetic uniformity
criteria required for RPI studies [60,61].

Different normalization factors were proposed to
obtain a reliable determination of the geomagnetic RPI
from sedimentary sequences [i.e. 6,7,38,60—64]. Each
normalization aims to remove the effect of variations in
the concentration of the magnetic minerals carrying the
ChRM.

In order to explore the effect of varying coercivities
(as those indicated by the variable MDFygrn), wWe
divided NRM intensities measured at various steps of
AF demagnetization by the ARM intensities measured
at the same AF steps (Fig. 4A). Since the NRM high-
coercivity fraction (that remained undemagnetized
beyond 100 mT AF) was not affected by the ARM
production in 100 mT AF, the ARM coercivity spectra is
quite different from the NRM spectra and the NRM/
ARM curves tend to diverge in AF higher than 50—
60 mT. On the other hand, the NRM/ARM curves keep
the same trend using the NRM intensity at various AF
steps and a constant normalizing ARM intensity at low
AF values (i.e. after 20 mT AF; see Fig. 4B).
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We also computed a normalized curve using the sub-
tracted vector method [i.e., 38] (NRM5g ,, — NRMyg 1)/
(ARM3¢ 7= ARMyg ), in Which the high-coercivity
component is removed from the equation (Fig. 4C).
This normalization provided essentially the same trend
observed with the “classic” normalization techniques
that make use of the whole vectors (Fig. 4B). We
assumed that the fraction with coercivity in the range
20—40 mT is the more reliable recorder of past RPI
variation. Therefore, in this study we selected the RPI
records obtained by dividing the NRM intensity,
demagnetized at 20 mT (NRM,y 1), by k and the
ARM intensity after demagnetization at 20 mT
(ARMz mt) (Fig. 4D).

For each core, the two normalized RPI records
(NRM;p n1/k and NRM,g ,/ARMyg 1) do not
differ very much from bulk NRM trends and show
mostly similar stratigraphic patterns (Fig. 4D). Never-
theless, since the presence of sparse pebbles or slightly
coarser grained intervals at various stratigraphic
heights induces sharp peaks in the magnetic suscepti-
bility records, but does not significantly affect na-
tural and anhysteretic remanence intensities, the
ARM, 1 seems to be the more appropriate normal-
ization parameter.

5. Correlation of RPI records and chronology of the
sequences

Following the establishment of worldwide RPI
reference stacks [14,15], records of geomagnetic
paleointensity variation can be used to develop original
high-resolution age models in sedimentary sequences,
which are especially important when the use of more
traditional chronostratigraphic proxy is limited, as for
the Antarctic sediments discussed here.

The normalized records NRM,g . 1/ARM»y it
obtained for the SEDANO cores have been correlated
with the SINT-800 reference paleointensity curve [15]
(Fig. 5), in order to improve the former age model
available for the sedimentary sequence [41,43]. We
used the Analyseries 1.2 software of Paillard et al. [65],
that allows adjustment and correlation between
selected pairs of depth-age tie points of two numerical
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Fig. 5. The relative paleointensity (RPI) records (NRMyo 1/
ARM,; 1) obtained for each of the SEDANO cores are compared
to the SINT-800 reference curve of Guyodo and Valet [1]. The RPI
curves can be matched by identification of common features with
periods longer than a few kyr, providing an original age model for the
sedimentary sequences. The results indicate that the cores span an age
interval back to ca. 270 kyr.

series, to transfer SINT-800 RPI ages to the individual
SEDANO RPI records. RPI curves were thus matched
on the basis of the visual correlation of the main
paleointensity features: RPI lows occur at 38—40 ka,
around 65 ka, at 95-125 ka, and at ca. 190 ka. RPI
highs occur at 55 ka, at 70—80 ka, at 160—170 ka,
around 230 ka and at 255 ka.

The developed RPI age models indicate that the
SED-14 core spans the interval from ca. 28 to 205 kyr,
both SED-15 and SED-16 cores extend up to about

Fig. 4. NRM/ARM ratios for the SED-15 core: A) after AF demagnetization of both parameters at steps of 20, 30, 40 and 50 mT, B) after
demagnetization of NRM at different AF steps (20—80 mT) and ARM demagnetized at 20 mT AF only; C) using the subtracted vector method in the
low-coercivity range (NRMyg = NRMyo 1)/ (ARMg it — ARMyg mr), in order to exclude the contribution of the high-coercivity component in the
normalized curves. D) Normalized NRM intensity curves (NRMy 1/ and NRM,q 1, 7/ARM,q 1) for all the studied SEDANO cores. Both curves
show a similar pattern at low frequencies with discrepancies in correspondence of pebbles and/or silty levels in the cores. For the lower part of SED-
16 and SED-17 cores, a coarser slump characterized by unstable paleomagnetic behavior, NRM intensity curve was not computed. Lithostratigraphic

logs and symbols as in Fig. 3.
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their position is placed according to the previous age model of Lucchi et al. [41], with estimated glacial—interglacial periods indicated with capital letters A—H.
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257 kyr, while the SED-17 core spans the last 274 kyr
(Fig. 5).

The detailed age models reconstructed by means
of RPI data allowed to estimate the variation of
sedimentation rate among the different cores and through
the stratigraphic sequence of each core (Fig. 6). The
mean sedimentation rates are similar (ca. 2.3 cm/kyr) for
the SED-14, SED-15 and SED-16 cores, and just a little
reduced for the SED-17 core placed in a more distal
position towards the abyssal plain (ca. 1.9 cm/kyr) (see
Fig. 1). The main changes in the sedimentation rates
between the tie points generally correspond to litholog-
ical variations or to breaks between consecutive u-
channels.

The reconstructed sedimentation rates, when com-
pared to those computed at more proximal sites in Drift
7 (varying in the range 2—10 cm/kyr for cores SED-02;
SED-04 and SED-06 [34]), indicate a progressive
decrease in the sedimentation rate moving away from
the continental slope.

Before the present study, the age model for the
SEDANO cores was mostly built on lithostratigraphic
models, without the support of radiometric dating and
carbon or oxygen stable isotopes, and supposed to span
through OIS 1 to OIS 11 [41,43,44]. Our RPI
chronology is in reasonable agreement with the previous
age model of Lucchi et al. [41] up to the interglacial C,
corresponding to the OIS 5 (Fig. 6), and assigns an age
of 125-129 ka to the tephra layer recognized in each of
the SEDANO cores at the bottom of the interglacial unit
C, that is in agreement with the age of a 11-cm thick ash
layer found in the EPICA-Dome C ice cores and dated at
129.5 ka [46,47].

For the older core section, however, remarkable
differences were found with former age model,
suggesting that the cores are younger than previously
supposed and limited to OIS 8, and indicating a new,
detailed, correlation of stratigraphic intervals to glacial—
interglacial cycles (Fig. 6).

6. Environmental magnetism

The study of variable rock magnetic records in a
sedimentary sequence is recognized as a powerful tool
to trace and quantify environmental changes, and the
environmental magnetism is now a well established
discipline [66—71]. In this perspective, the downcore
variations of the magnetic properties in a sedimentary
sequence could reflect changes in the composition,
concentration and grain size of magnetic minerals. Low-
field magnetic susceptibility (k) and anhysteretic
remanent magnetization (ARM) are generally indicative

of the concentration of ferrimagnetic minerals
[66,68,72—74], while the ARM/k ratio is a proxy for
grain size variations of ferrimagnetic particles
[60,72,75]. The median destructive field of natural
remanence (MDFygry), in case of a single NRM
component, represents a useful parameter to estimate
the coercivity of the remanence carriers and may be
diagnostic of the magnetic mineralogy [34,66,68].

The MDFyrym may also depend on magnetic
viscosity, since a sample with large viscosity has a
lower MDFygry than a non-viscous sample. Anyway, in
our case the presence of a viscous component is almost
negligible (see Fig. 2) and the correlation of the
MDFnrMm values with the coercivity values estimated
from hysteresis measurements on selected chip speci-
mens from core SED-16 (Fig. 7) demonstrate that the
MDFy\ryv directly depends on factors related to magnetic
mineralogy.

Sagnotti et al. [34] suggested that the magnetic
mineralogy of the SEDANO cores reflects a variable
proportion in the mixture of magnetic minerals with
varying coercivities, carrying the same ChRM. Whereas
the low-coercivity phase can be identified as magnetite,
by rock magnetic data, magnetic iron sulfides were
proposed as the most likely candidates for the fraction
with higher coercivities [34]. Variation in the MDFyrm
values of the SEDANO cores should therefore depend
on the variable proportion of low- and intermediate-
coercivity phases.

The stratigraphic variations of the main magnetic
parameters measured for each SEDANO core (k, ARM,
ARM/k MDF,,,, and MDF,,,,,) are in good agreement
(Fig. 8) and consistent with the boundaries of interglacial
and glacial periods (according to the chronology of
Bassinot et al. [21]) as deduced from our RPI chronology
(see also Fig. 6). The ARM;q 1 intensity shows limited
downcore oscillations, as well as k, indicating a
substantial uniformity in the overall magnetic mineral
concentration.

Within this range of variation, no clear correlation is
observed between alternating intervals of high and low
magnetic mineral concentration, or magnetic grain size,
and the glacial—interglacial cycles. This concurs with
the inference that along the individual cores the average
sediment accumulation rates do not show substantial
differences throughout the glacial—interglacial intervals.

On the other hand, high frequency variations are
recognized for the ARM/k ratio, with features that may be
correlated between the cores and maximum peaks
corresponding to minimum values in the MDFyrm
parameter (Fig. 8). The latter shows the more pronounced,
and clear, rock magnetic variations in the SEDANO cores.
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Fig. 7. A) Plot of hysteresis ratios (Bcr/Be vs Mrs/Mg; after [79]) for
17 selected specimens from core SED-16, with variable median
destructive field of the natural remanence (MDFngru). Ber: remanent
coercive force, Bc: coercive force, Mgg: saturation remanent
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(SP) grains are shown according to Dunlop [80]. B) Plot of Bcr vs
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In fact, MDFyRry is distinctly lower during the interglacial
periods (with minimum values of 35-40 mT) and
constantly higher (up to ca. 80 mT) during the glacial
periods. This trend was already noted on cores SED-02,
SED-04 and SED-06, spanning the last 160 kyr, in Drift 7
[34]. The median destructive field of the ARM (MDF,,,,,)

oscillates in the narrow range of 25-30 mT, confirming
that the ARM was only acquired by the low-coercivity
fraction, identified with magnetite [34].

The new age model allowed to document that the
concentration of the higher coercivity phase decreases
systematically (for three full consecutive glacial—
interglacial cycles) during interglacial intervals, result-
ing in a drop of the MDFyrn toward values typical for
magnetite (about 40 mT; see Fig. 8). The inference that
some of the rock magnetic variations are climatically-
driven is supported by the observation that low MDFngrv
and k values, when plotted versus age (as derived from
RPI), correlate to negative ' %0 values of the SPECMAP
oxygen isotope stack [19] (Fig. 9). We argue that the
alternation of climatic periods induced only a dispro-
portion on the relative abundance of two distinct
magnetic mineral populations at the SEDANO cores
location, whereas lithology, sedimentation rates and
other rock magnetic parameters are barely affected by
climatic changes. Such disproportion essentially results
from variation in the abundance of the magnetic phase
with higher coercivity.

If identification of this phase with early authigenic
ferrimagnetic iron sulfides is correct [34], this implies
that climatic changes induced local changes in the redox
conditions or in the availability of detrital organic
matter, which are the major controlling factors on the
pyritization process and may result in the preservation of
intermediate magnetic iron sulfides [76—78].

According to Lucchi and Rebesco [41], the preser-
vation of laminae and the lack of bioturbation in
SEDANO glacial sediments may be linked to a
permanent sea-ice extension over the area during glacial
periods, inducing a reduction in primary productivity,
absence of biological activity at the sea bottom and
oxygen-reduced deep waters. These conditions are in
fact favorable to the preservation of intermediate
magnetic iron sulfides.

7. A stacked paleointensity record for the SEDANO
cores

The individual normalized RPI records were merged
in a SEDANO RPI stacking curve spanning the last
270 kyr and compared to the SINT-800 RPI stack [15]
(Fig. 10).

The RPI stacked curve was computed from the
estimated age model for the individual SEDANO
RPI records: the arithmetic mean and the standard de-
viation of all the scaled NRM5( ,,7/ARM,( 1 values
were computed at 1 kyr spacing, using all values
with an assigned age included in a range of +500 yr
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centered on each incremental 1 kyr age step. The SINT-
800 and the SEDANO RPI stacks share common fea-
tures with periods longer than a few to 10 kyr (Fig. 10).

The standard deviation computed for the SEDANO
stack is generally smaller than that associated with the
SINT-800, indicating a remarkably good coherence
between the individual SEDANO RPI curves. We
recognize, however, that a proper interpretation of the
sedimentary record in terms of high-frequency geomag-
netic field variations should take into account
the smoothing effects due to multiple sources, such as
those due to measurement and dating of core samples
(for comprehensive reviews see [33,59]).

The stack of the ChRM inclination records (Fig. 9)
shows only two intervals with anomalously shallow
paleomagnetic inclinations (with values up to —60°),
and larger standard deviation, that are however not
correlated to any known paleomagnetic excursion.

The youngest interval is short and centered at
ca. 14 ka and mostly results from record of the SED-
16 core (Fig. 3). The older interval, dated at ca. 140—
160 ka, mostly results from the record of the SED-14
core (Fig. 3). Both intervals are associated to slightly
coarser lithologies and may be due to uncompensated
lithological effects. We note that coarser lithologies may
affect the fidelity with which paleomagnetic inclination
and RPI are recorded and may be the cause of the

discrepancies between the SEDANO RPI stack and the
SINT-800 observed at about 150 ka and also of the
shallow paleomagnetic inclinations observed for the
same time interval.

A difference between the SEDANO RPI stack
and the SINT-800 is also evident in the younger part
of the record and may be due to sampling disturbance
at the top of the cores. Anyway, we note that the
rather uniform rise in RPI values reported for the SINT-
800 between 40 and 10 ka was not observed in various
other RPI records from northern and southern high
latitudes [12,16—18,34,37]. Moreover, we recognize
that the natural sedimentary smoothing of the primary
geomagnetic signal, due to the sedimentation rate and
the lock-in process, and the response function of the
pick-up coils in the magnetometer, can affect the ability
of a sedimentary sequence to record transient geomag-
netic features [31,33,59]. Therefore, the lack of clear
evidence of geomagnetic excursions in the SEDANO
cores may be due to a combination of relatively low
sedimentation rate and various natural and instrumental
smoothing effects.

8. Conclusions

Paleomagnetic and rock magnetic studies conduc-
ted on the SEDANO cores allowed to construct RPI
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records that were dated by correlation to the RPI global
stack curve SINT-800 [15].

The individual normalized RPI records were merged
in a SEDANO RPI stack record, that provides a high-
resolution image of the geomagnetic field variation at
the southern high latitudes, spanning the last 270 kyr.
Geomagnetic relative paleointensity can serve as a
regional tool for high-resolution correlation and dating
of other coeval sedimentary sequences from the peri-
Antarctic margins.

The proposed RPI chronology, supported by several
lithostratigraphic constraints and by climatically-driven
rock magnetic variations, establish that all the SEDANO
cores are Late Pleistocene in age, but younger than
formerly supposed, reaching back to OIS 8. The detailed
RPI age models also allowed to estimate at about 2 cm/
kyr the mean sedimentation rates for the four studied
cores and indicate a progressive reduction of the
sedimentation rate on the Drift 7, moving away from
the continental slope.

We propose an original, high-resolution, correlation
of stratigraphic intervals to glacial—interglacial cycles,
providing new constraints to assess ages, rates and
amplitudes of the climatic and environmental changes
affecting this key area of the peri-Antarctic margins
during the Late Pleistocene. In fact, lithology and the
overall rock magnetic characters suggest that environ-
mental variations at the SEDANO sites were rather
limited, yet recognizable, during the last three glacial—
interglacial cycles. The rock magnetism indicates that
the main variations driven from climatic alternations
were observed for the coercivity dependent MDF .,
parameter, with relatively high values (about 80 mT)
during the glacial periods and relatively lower values
(about 40 mT) during the interglacials. The MDF, .,
trend suggests changes in the relative proportion of two
magnetic mineral populations with distinct coercivities
and point out that magnetic coercivity is a valid proxy of
paleoenvironmental changes in these sedimentary Drift
sequences. Under the assumption that the intermediate-
coercivity magnetic phase is represented by early
authigenic magnetic iron sulfides [34], the climatically-
driven changes at the SEDANO sites involved mostly
variations in the redox conditions or in the input of
decomposable organic matter.

The environmental variability reconstructed for the
SEDANO cores contrasts with observations from
similar coeval records from the Wilkes Land margin,
which indicate a substantial uniformity during the Late
Pleistocene glacial—interglacial cycles [37]. The differ-
ence between the two sectors corroborate the inference
of a general higher stability of the East Antarctic ice

sheet with respect to the Western Antarctic ice sheet, and
the Antarctic Peninsula in particular, during the climatic
cycles of Late Pleistocene.
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