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Abstract

The Palmer Deep is a closed bathymetric depression on the Antarctic Peninsula continental shelf. It contains three
separate sub-basins. These basins lie along a northeast–southwest axis with water depths ranging from >1400 m to
the southwest (Basins II and III) to just over 1000 m to the northeast (Basin I). Six sediment piston cores were
collected from the study region; these cores clearly demonstrate the varied sediment character for each basin. Sediments
in Basin I are laminated and thinly bedded consisting of diatomaceous, pelagic=hemipelagic sediments, siliciclastic,
terrigenous sediments, and ice rafted, hemipelagic sediments. In concurrence with other investigators, we propose that
these laminations and thin beds represent climatically forced productivity cycles. Basin II and Basin III sediments
alternate between pelagic=hemipelagic units and bio-siliceous mud turbidites. Correlations between cores are based on
their remarkable magnetic susceptibility (MS) records which indicate alternating biogenic (low MS) and siliciclastic (high
MS) dominated sedimentation; the bio-siliceous mud turbidites are characterized by intermediate to low MS values. Cores
taken from within the main axis of the basins are expanded ultra-high resolution sections. A core collected on the sill
between Basins II and III represents a condensed sediment section and may contain a complete Holocene record of
changing paleoenvironments, one that records the transition from a glacial, ice shelf environment to an open marine,
Holocene environment. A sharp drop in magnetic susceptibility at mid-core is a common sedimentological feature of each
basin. Presently, we favor a climate change hypothesis for this magnetic lithostratigraphic transition which may reflect the
termination of the Holocene Hypsithermal and a marked change in productivity dated ca. 2500 years BP.  1998 Elsevier
Science B.V. All rights reserved.
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1. Introduction

The Antarctic Peninsula (Fig. 1) is an impor-
tant area for paleoclimatic research because of its

Ł Corresponding author. E-mail: mekirby@mailbox.syr.edu

close proximity to the Antarctic Convergence and
its polar to sub-polar climatic gradient (Griffith and
Anderson, 1989; Domack and Ishman, 1992; Do-
mack et al., 1995; Domack and McClennen, 1996).
The varied sediments of the peninsula shelf and
fjords indicate extended development of glaciers,
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Fig. 1. Map of the Antarctic Peninsula and study location (after Rebesco et al., 1998b).

glacial recession, and subsequent paleoclimate evo-
lution during the Holocene (Domack et al., 1991,
1993, 1995; Pope and Anderson, 1992; Pudsey et al.,
1994; Bart and Anderson, 1995; Domack and Mc-
Clennen, 1996). To date, research has focused upon
two settings: the outer shelf (Pudsey et al., 1994;
Vanneste and Larter, 1995; Larter and Vanneste,
1995) and fjords (Griffith and Anderson, 1989;
Domack and Ishman, 1992; Domack et al., 1993,
1995; Domack and McClennen, 1996). It is hypothe-
sized that during the Last Glacial Maximum (LGM)
an expanded peninsula ice sheet (cap) reached the
outer shelf where it deposited a series of prograding
shelf edge clinoforms indicative of subglacial and
proglacial sediment gravity flow deposition (i.e. till
deltas, Larter and Vanneste, 1995). Recession from
the LGM position is thought to have taken place at
about 11,000 years BP (Pudsey et al., 1994) when
ice drainage separated into individual valley tribu-
taries. Each valley tributary drains ice from the ele-
vated plateau of the peninsula (Domack and Ishman,
1992). Since the LGM, most siliciclastic deposition

has been limited to fjord basins where sedimentation
commenced as early as 9000 years BP (Shevenell et
al., 1996).

Given the above context for glaciation across the
peninsula shelf, it is surprising, considering the ac-
cessibility and research potential, that little work
has been done on basins that mark an intermediary
position between full glacial conditions (shelf edge
grounding) and interglacial conditions (fjord head
glaciation). We demonstrate herein and in a compan-
ion paper (Rebesco et al., 1998a) that basins such
as the Palmer Deep (Fig. 2) contain relatively thick
sediment accumulations (approximately 50–250 m)
despite the long-standing assumption that such inner
shelf areas were swept clean of interglacial deposits
during subsequent glaciations (Barker, 1992).

This paper intends to describe the basic sedi-
mentology and magnetic lithostratigraphy between a
series of sediment piston cores from the Palmer Deep
basins, discuss the nature of deep basin deposition
on the inner shelf, establish a first-hand sediment
chronology, and present a hypothesis to explain a
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Fig. 2. Bathymetric map of the Palmer Deep with core locations.

sudden and pervasive MS modal change in each re-
gional study core presented in this paper. Data used
to address these questions were obtained during the
Polar Duke 92-2 and Deep Freeze 1985 (USCGC
Glacier) research cruises.

1.1. Basin description and core locations

The Palmer Deep area exhibits a complex, irreg-
ular, and unusually deep bathymetry (up to 1450 m)
for a shelf environment (Fig. 2). We recognize and
focus on three distinct basins: Basin I, Basin II, and
Basin III (Fig. 2). Basin I (Fig. 2) is the shallowest
basin with an estimated maximum depth of 1035 m.

It is also the most northern of the basins occupy-
ing a perched position with respect to the deeper
Basins II and III. A sill rises to 750 m depth along
the south end separating Basin I from Basin II. Core
PD92-30 was collected in the southwest end of Basin
I (Fig. 2). Basin II (Fig. 2), located between Basins I
and III, has an estimated maximum depth of 1415 m.
An isolated basin floor high shoals to 1190 m in the
southwest corner. Core PD92-29 was collected in the
southeastern section of the basin floor; core PD92-5
was collected on the crest of a sill that separates
Basin II from Basin III (Fig. 2). Basin III (Fig. 2), lo-
cated furthest from Anvers Island (20 km southwest)
but closest to the Dannebrog Islands (11 km west),
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has an estimated maximum depth of 1450 m. This
basin is also the largest of the three basins measur-
ing approximately 26 km2 in area. Cores PD92-28,
PD92-06, and DF85-63 were collected in the central
portion of Basin III (Fig. 2).

2. Methods and procedure

2.1. Bathymetry map

A new bathymetry map for the Palmer Deep
basin was developed (Fig. 2) using data from Griffith
(1988) and new 12-kHz precision depth records from
the three RV Polar Duke cruises, 88-3, 90-7, and
92-2 (Kirby, 1993). Location and depth from the
GPS and the PDR, respectively, were plotted at
15-min intervals along the cruise tracks on a map
with interpolation between points (Kirby, 1993).

2.2. Palmer deep cores and analyses

Six sediment piston cores collected from the
Palmer Deep are discussed in this paper (Table 1;
Fig. 2). Core DF85-63 was obtained during the
Deep Freeze 1985 research cruise (core 63 here-
after; see Table 1; Fig. 2). Cores collected during the
Polar Duke 92-2 research cruise include PD92-06,
PD92-28, PD92-05, PD92-29, and PD92-30 (cores
6, 28, 5, 29, and 30 hereafter; see Table 1; Fig. 2).
Core 63 was analyzed by magnetic susceptibility
(Fig. 3), 14C dating (Table 2; Fig. 4), X-radiography,
gravel grain counting (Fig. 5), smear slide counting

Table 1
Core information

Core name and location Length Water depth
(cm) (m)

PD92-05 438 1410
64º55.472S, 64º16.631W
PD92-06 729 1440
64º56.532S, 64º20.755W
PD92-28 878 1430
64º56.501S, 64º19.484W
PD92-29 884 1400
64º55.107S, 64º14.431W
PD92-30 884 1040
64º51.720S, 64º12.506W
DF85-63 1105 1373
64º56.9S, 64º19.0W

(Fig. 5), percent biogenic silica (Fig. 5), and relative
CaCO3 content (Fig. 5). The remaining five cores
were analyzed by core lithology (Fig. 6), magnetic
susceptibility (Fig. 3), and sediment structure via
X-radiography (Fig. 6).

The MS was determined using a Bartington
MS-2C magnetic susceptibility loop sensor (units in
centimeter grams seconds [cgsð 10�6]). Whole core
measurements were obtained for all cores except
core 63 which was split prior to MS measurement
accounting for the comparatively low values for this
core because of the decrease in core volume (Fig. 3).
Radiocarbon dates on acid insoluble organic matter
were determined at the University of Arizona AMS
facility. Ages were corrected based upon a Ž13C of
25‰, but were not adjusted for reservoir effects (see
below; Table 2). Gravel grain counts on core 63
were conducted according to established procedures
(Grobe, 1987; Domack et al., 1989). Smear slide
analyses and percent biogenic silica data were used
from Griffith (1988) and Liu et al. (1992), respec-
tively; determination of biogenic silica followed that
of DeMaster (1979). Relative CaCO3 contents based
on a scale of three, 3 being the most reactive and
0 being non-reactive, were determined with a 10%
HCl solution on 2 cm3 air-dried samples. Although
qualitative and not standard procedure, such obser-
vations are significant to determine the presence or
absence of CaCO3 in sediments that typically lack
any carbonate. Subsequent examination of carbonate
bearing samples under a Scanning Electron Micro-
scope revealed that the carbonate was detrital, in the
form of fragmented bryozoan and molluscan skeletal
debris, and was not associated with any identifi-
able nannoplankton (Claire Findlay, pers. commun.,
1996).

3. Results and core description

3.1. Core description and analysis

Core DF85-63. Core 63, collected from Basin III
(Fig. 2), consists predominantly of a homogeneous,
bioturbated diatom mud and ooze (Liu et al., 1992).
However several thin laminae of diatomaceous oozes
and laminated sands were noted several years af-
ter the core was originally split and described. The
gravel grain counts (from X-radiographs) show al-
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Fig. 3. Magnetic susceptibility (MS) (cgs ð 10�6) for split core 63 and whole cores 6, 28 (Basin III), 5, 29 (Basin II), and 30 (Basin I).
Turbidite units are indicated by T. Note the sharp decrease in MS values in cores 6, 63, 28, 29, and 30 and in the middle of core 5.

Table 2
Uncorrected radiocarbon ages (core DF85-63)

Lab No. Core depth Uncorrected age Carbon source
(cm)

AA-9037 65, T 3260š 120 POC
AA-9038 165, T 5690š 70 POC
AA-9040 282 3610š 75 POC
AA-9041 426, T 4265š 75 POC
AA-9042 565, T 5805š 75 POC
AA-9043 705, T 5585š 65 POC
AA-9044 865 5570š 100 POC
AA-9039 1005 6630š 75 POC

POC D particulate organic carbon, acid insoluble; T D date from
turbidite unit.

ternating units of gravel-rich sediment and sediment
without gravel (Fig. 5). Gravel-rich units average 5–
7 grains per 5-cm interval.

The percentage biogenic silica shows a slight
increasing trend with depth (Fig. 5). An anomalously

high biogenic silica value (58%) occurs at 533 cm
corresponding to a layer of diatom ooze. A number
of the high biogenic silica values correlate with thin
diatom ooze laminae, while a number of the low
biogenic silica values correlate with sand laminae.
The relative CaCO3 reaction results show an increase
in sediment reaction with core depth (Fig. 5). A
transition in sediment reactivity to HCl from low
to high occurs between 600 and 700 cm. Smear
slide results show an increase in percent diatoms
with core depth while the quartz percentages reveal a
decrease with core depth (Fig. 5). This change occurs
between 600 and 700 cm depth; however, the limited
number of data points constrain any interpretation
concerning rate of change. Magnetic susceptibility
(Fig. 3) shows an abrupt change between higher,
variable values above 520 cm to lower, uniform
values below 530 cm. Average MS above 530 cm is
26 cgs ð 10�6; MS values below 530 cm average
3.5–4 cgs ð 10�6.



252 M.E. Kirby et al. / Marine Geology 152 (1998) 247–259

Fig. 4. Uncorrected AMS 14C (bulk organics) versus depth for
core 63 (see Table 2). Sedimentation rates were determined by
best line fit for all data (regression line 0.38 cm=yr), and by
extrapolation between ages determined for hemipelagic intervals
(0.13 cm=yr) and instantaneous turbidite events in the core (solid
line). T indicates samples from turbidite units.

The uncorrected 14C data show a general increase
in age with increasing core depth. 14C dates have
not been corrected for the carbon reservoir effect
because of an unclear understanding of regional
Antarctic 14C reservoir age variability (Fig. 4; Ta-
ble 2). Fig. 4 shows the sedimentation rate for the
core as determined by dating both turbidite units and
sections of pelagic=hemipelagic sediment; however,
the presence of reworked organics in the turbidite
units will affect the calculation of a standard linear
fit line for determining a sedimentation rate. To ac-
commodate this problem, we have determined two
sedimentation rate models which consider both the
turbidite units and the normal, pelagic=hemipelagic
units as shown by the stepped, best-fit (dashed)
lines in Fig. 4. This dualistic approach accounts for
these turbidites as a naturally occurring, geologi-
cally instantaneous depositional feature. As a result,
sedimentation rate estimates actually will be more
accurate for the real depositional environment where
turbidites are a natural part of the system. There-

fore, this will allow for a better estimate of sediment
thickness below the core base than estimates which
do not consider turbidites. Taken separately each
such interpretation results in a sedimentation rate of
0.13 and 0.38 cm=yr, respectively (Fig. 4). The latter
rate is comparable to that determined for core 30
at 0.3–0.4 cm=yr (Leventer et al., 1996); however,
core 30 is from Basin I, a shallower basin devoid of
turbidites, thus we conclude that the actual sedimen-
tation rate for Basin III lies somewhere in-between
our estimated values.

Core PD92-5. All of the Polar Duke cores are
described in some detail by Janecek et al. (1996).
These descriptions vary somewhat from our own
observations because we based our descriptions on
freshly cut cores in which color differences served as
important indicators of sedimentary units. The con-
trasts in sediment color last for only a few hours after
exposure, and most cores from the basin presently
have a homogenous appearance. The lithology of
core 5 is shown as Fig. 6 and the MS as Fig. 3. Core
5 is located on a sill or bathymetric saddle between
Basins II and III (Fig. 2).

Sediments in core 5 are composed of two types
(Fig. 6): (1) laminated to thinly bedded, olive-green
to dark olive-green mud with bioturbation and ice
rafted debris throughout, and (2) olive-green, silty
diatom mud with no coarse or poorly sorted ma-
terial. The latter sediment type is rather homoge-
nous, lacks bedding, and is devoid of bioturbation. A
very thin-bedded unit with interlaminated, very fine-
grained sand and mud is located at 290 cm denoting
a sharp boundary, perhaps erosional, between two
distinct and separate sediment facies (types 1 and 2
above, Fig. 6).

The magnetic stratigraphy (from top to bottom)
illustrates a high, slightly variable MS unit between 0
and 100 cm, a middle, low MS unit between 100 and
290 cm, and a high but uniform MS unit below 290
cm (Fig. 3). The laminated unit type 1 as described
above corresponds to the low MS unit (100–290 cm)
and to the overlying high, slightly variable MS unit
(0–100 cm). The interlaminated sand and mud layer
denotes a MS maximum at 290 cm. The bottom,
high but uniform MS unit (below 290 cm) is not
laminated and lacks coarse-grained material.

Magnetic susceptibility (Fig. 3) shows a gradual
change from higher values above 100 cm which
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Fig. 5. Sedimentological data for core 63 include (from left to right): (1) gravel grains=5 cm core depth (IRD), (2) and (3) smear slide
quartz versus diatoms (Liu et al., 1992), (4) % biogenic silica (from Griffith, 1988), and (5) qualitative CaCO3 determination. Note the
increase in biogenic content below 8 m as recognized in the three proxy records for paleo-productivity, diatoms, % biogenic silica, and
CaCO3. Turbidite units (T) are characterized by low to negligible IRD content.

average 88 cgs ð 10�6 to lower, uniform values
below 125 cm which average <10 cgs ð 10�6. An
abrupt change from the lower, uniform MS unit to a
high, uniform MS unit occurs at 285 cm; MS values
from this bottom unit average 85 cgsð 10�6.

Core PD92-6. Core 6 lithology and MS are shown
as Figs. 3 and 6. Core 6 is located at the southern
extremity of Basin III at a water depth of 1440
m (Fig. 2). It represents the deepest core site lo-
cation from the Palmer Deep (Table 1). Sediments
in core 6 are composed of two types (Fig. 6): (1)
stratified, olive-green to dark olive-green mud with
bioturbation and ice rafted debris throughout, and (2)
homogenous, olive-green diatom mud overlain by a
thin diatom ooze.

MS records show an upper unit with high, vari-
able MS, between 0 and 120 cm and a lower section
of very low, uniform MS, below 120 cm (Fig. 3).
Three of the homogeneous, fining-upward diatoma-

ceous mud turbidites (T-4, T-5, and T-?) are clearly
identified by the MS data having slight MS max-
ima at their bases and uniform MS values within
the intervening homogenous mud; the upper diatom
mud unit, T-3, appears to be an exception to this
observation. A significant upper portion of sediment
from core 6 appears to be missing when compared
to the remaining study cores; however, it is not clear
if this effect is due to core over-penetration, lower
sedimentation rates, or erosion.

Magnetic susceptibility (Fig. 3) shows a gradual
change from high values above 80 cm to lower,
uniform values below 120 cm. Average MS above
80 cm is 60 cgs ð 10�6; MS values below 120 cm
average 12 cgs ð 10�6.

Core PD92-28. The lithology of core 28, also
located in Basin III (Fig. 2), is shown as Fig. 6.
Sediments in core 28 consist of two types: (1) strat-
ified, olive-green to dark olive-green mud with bio-
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Fig. 6. Sediment descriptions for cores 5, 6, 28, 29, and 30. See Table 1 for core information.
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turbation and ice rafted debris throughout, and (2)
three-component units marked by a bottom layer of
thin (1–2 cm) black, very fine sand, a middle layer
(20–100 cm) of homogeneous, olive-green diatom
mud, and a top layer of thin (1–2 cm) light-yellow to
olive-green diatom ooze.

The similar MS stratigraphy between cores 28
and 63 provides for a suitable correlation between
the five turbidite marker beds (T) (Fig. 3). Magnetic
susceptibility (Fig. 3) shows an abrupt change from
higher, variable values above 540 cm to lower, uni-
form values below 540 cm. Average MS above 540
cm is 80 cgs ð 10�6; MS values below 540 cm
average 12–15 cgs ð 10�6.

Core PD92-29. The lithology of core 29, in Basin
II (Fig. 2), is shown as Fig. 6. Sediments in core
29 consist of four types: (1) stratified, olive-green
to dark olive-green mud with bioturbation and ice
rafted debris throughout, (2) a three-component unit
marked by a bottom layer of thin (1–2 cm), black
very fine sand, a middle layer (20–100 cm) of ho-
mogeneous olive-green mud, and a top layer of thin
(1–2 cm) light-yellow to olive-green ooze, (3) a
two-component unit with a bottom layer of homoge-
neous, olive-green mud and a top layer of light yel-
low to olive-green ooze, and (4) green-brown diatom
ooze. Sediment types 3 and 4 represent incomplete
parts of a turbidite layer.

Magnetic susceptibility (Fig. 3) shows a gradual
change from higher, fluctuating values above 450
cm to lower, more uniform values below 520 cm.
Average MS above 450 cm is 72 cgs ð 10�6; MS
values below 520 cm average 7–10 cgs ð 10�6.

Core PD92-30. Core 30, from Basin I (Fig. 2),
lithology is shown as Fig. 6. Sediments in core 30
consist of one type: a stratified (laminated to thinly
bedded), olive-green to dark olive-green mud to ooze
with bioturbation and ice rafted debris throughout.
Occasional 1 cm thick diatom ooze or very thin black
sand laminae are also present.

Magnetic susceptibility (Fig. 3) shows a gradual
change from higher, variable values above 570 cm to
lower, uniform values below 600 cm. Average MS
above 570 cm is 40 cgs ð 10�6; MS values below
600 cm average 7–10 cgs ð 10�6. Note that the
MS values show cyclical fluctuations above 570 cm,
on the scale of 40–60 cgs ð 10�6. Ten radiocarbon
dates for core 30 are reported in Leventer et al.

(1996) which date the MS decrease at ca. 2500 yr
BP.; these data are not presented in this paper. Their
results demonstrate an overall sedimentation rate of
0.2–0.4 cm=yr.

4. Discussion and interpretation

4.1. Sedimentology, MS lithostratigraphy, and
deposition

Cores 63, 6, and 28 were extracted from the
same deep portion of Basin III, seismically char-
acterized by ponded infill (Fig. 1; Rebesco et al.,
1998a). Fig. 6 illustrates the visual core descrip-
tions. All three cores contain numerous (denoted as
T1–T5) mud turbidites (Figs. 3 and 6). These tur-
bidites are characterized by very thin, fine-grained
sand layers at the base, grading into structureless,
homogeneous diatom muds, capped with thin bio-
turbated diatomaceous oozes, although two cores, 6
and 29, contain incomplete turbidite sediment facies.
X-radiographs clearly distinguish these turbidites by
their complete lack of coarse gravel and=or ice rafted
debris indicative of rapid deposition (Fig. 5). The
low to intermediate MS values found in the turbidite
units most likely reflect the influx of shelf sediments
rich in organic material which dilute the MS signal.
The intervening, interbedded, hemipelagic diatoma-
ceous muds contain significant gravel suggesting
that normal periods of hemipelagic deposition are
characterized by regional ice rafting. Thin turbidite
units in core 6 and the lack of basal sand units in
these turbidites suggest that core 6 occupies a more
distal sedimentary position with regard to turbidity
currents than the sites of cores 28 and 63; this inter-
pretation holds true for core 29 from Basin II as well
(Fig. 3).

Core 5, which sits on the sill between Basins
II and III, appears to lack any turbidite units; the
only sorted sand in core 5 is an interlaminated layer
separating the two major lithologic units of the core
(Fig. 3). The magnetic stratigraphy in core 5 suggests
that it represents a condensed section. It contains
both the high, irregular MS unit at the top and
the uniformly low MS unit in the middle, similarly
found in the remaining study cores, in addition to
a uniformly high MS unit at the bottom. The first
two MS units are the only units found in the other
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Palmer Deep cores; the third uniformly high MS unit
is unique to core 5.

While this characteristic decrease in MS within all
cores may reflect the diagenetic dissolution of mag-
netite with depth, iron-sulfur diagenesis controlled
by higher carbon content in zones of increased pro-
ductivity (Karlen, 1990; Tarduno, 1994; Leventer et
al., 1996), or, as we suggest, signal attenuation or
dilution via increased primary productivity as sug-
gested by the correlative increase in floristic compo-
nents (Leventer et al., 1996), the undisturbed lam-
inated lithostratigraphy across the MS transitional
zone in core 5, as well as all the study cores, clearly
suggests that this MS change reflects a switch in a
primary depositional environment for the study re-
gion as a whole which is not recorded as a lithologic
change. Seismic profile analyses also support this
hypothesis as indicated by the lack of a clear seis-
mic profile change across the transitional MS zone
(Kirby, 1993). The low MS unit in core 5 represents
the only complete recovery of this unit from the
Palmer Deep; this suggests that core 5 contains a
longer, although lower resolved, paleoenvironmental
record, extending below the recovered base of the
other cores. The thin sand layer at 290 cm has a
MS value >150 cgs, much higher than that measured
in the other sand intervals for the study core region
(Fig. 3). An analysis of visual core lithology and
X-radiography clearly excludes this sand layer as the
basal layer of a turbidite facies due to the abrupt
and permanent shift in sediment facies type above
and below 290 cm. Since other sand layers from the
study cores denote the base of turbidite units, the
anomalously high MS sand layer in core 5 at 290
cm implies a change in sand provenance, primary
depositional process, or a possible depositional hia-
tus. We have interpreted the sand layer at 290 cm
as the initial depositional product of a regional pale-
oenvironmental change, perhaps a transition between
a glacial, ice shelf environment to the modern open
water, Holocene environment. The former paleoenvi-
ronment may account for the lack of bioturbation in
this bottom, uniformly high MS unit.

In Basin II, turbidity currents are not as preva-
lent; basin infill consists of both ponding and drape
(Rebesco et al., 1998a). Core 29 contains two, very
thin mud turbidites (Figs. 3 and 6), both at core
depths greater than 5 m and within the low MS unit.

Turbidites 4 and 5 are the thickest units in cores 63
and 28 and have been interpreted as possible cor-
relatives to the only distinct turbidites (T-4 and T-5)
observed in Basin II, core 29 (Fig. 3). The relative
dearth of turbidite units in core 29 makes the mag-
netic stratigraphy less likely to have been disturbed,
possibly reflecting subtle depositional variations for
the region. Rapid changes in sediment deposition be-
tween biogenic-rich (siliceous) and siliciclastic-rich
units are indicated in the upper 350 cm of core 29
by the stratified nature of the diatom mud and ooze
units (Fig. 6), a similar sedimentological feature as
observed in core 30 from Basin I (Leventer et al.,
1996). A broad high in MS between 350 and 450
cm may reflect a dominance of hemipelagic sedi-
mentation and ice rafting between short periods of
enhanced biogenic productivity.

The differences in sedimentation between Basins
II and III is striking given their close proximity and
similar depths. The saddle between the two basins is
less than 50 m high, but, as observed by the distri-
bution of turbidites, it provides a significant bound-
ary between two distinct depositional environments.
Cores 6, 28, and 63, from Basin III, reflect a de-
posystem dominated by occasional turbidity currents
and longer periods of alternating pelagic=hemipelagic
sedimentation. Core 29, from Basin II, reflects a de-
posystem dominated by pelagic=hemipelagic sedi-
mentation with rare turbidity currents (Figs. 3 and 6).
A combination of seismic profile analyses gathered
during the Polar Duke 92-2 cruise and sedimentation
rate extrapolations from this study clearly indicates
that the sediments within Basins II and III extend
through the Holocene, even considering the effect of
turbidites, depositional hiatuses, and varied glacioma-
rine sedimentological processes (Kirby, 1993).

Basin I, located just north-northeast from Basins
II and III, provides an excellent depositional setting
for undisturbed, high-resolution sediment records be-
cause turbidite units are not present. The absence of
turbidite units in Basin I suggests that the proposed
turbidity current pathways (from the basin side walls
based on seismic profile analyses; Kirby, 1993) for
Basins II and III do not affect Basin I. Core 30
(Figs. 3 and 6) illustrates the well-stratified nature
of the sediments; this is supported by seismic anal-
ysis (Kirby, 1993; Rebesco et al., 1998a). As with
cores 5, 6, 63, 28, and 29, a decrease in MS values
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occurs at mid-depth (580 cm) in core 30. Unlike
the other cores, however, there is a clear alternating
(cyclical) pattern recorded by the MS in the upper
570 cm of core 30 (Fig. 3). The cyclic nature of
the MS signal reflects a change in the dominant
form of sediment being deposited (Leventer et al.,
1996). Periods of high MS reflect a hemipelagic en-
vironment rich in siliciclastic, terrigenous material,
particularly silts and clays (Leventer et al., 1996).
The low MS units denote a depositional environment
dominated by pelagic, biogenic (siliceous) sedimen-
tation, reflecting an increase in regional productivity
that reoccurs on a multi-century time scale (Leventer
et al., 1996). Thus, the cyclic nature of the sediments
from Basin I and Basin II, prior to the MS decrease,
truly reflects a regional climatic change at a high
level of resolution. The base of core 30 dates to ¾4
ka radiocarbon years and hence by extrapolation the
bottom of the basin’s infill, based on seismic profiles,
is estimated to be ¾15 ka.

4.2. Chronology and mid-core MS change.

The magnetic stratigraphy outlined in Fig. 3 is
tied to the radiocarbon time scale in cores 63 and
30. Using the ages indicated in Table 2 and dis-
cussed by Leventer et al. (1996), we conclude that
cores 63, 28, 29, and 30 represent the middle to late
Holocene. Cores 6 and 5 extend beyond this, most
likely into the early Holocene and probably, in the
case of core 5, into the Late Pleistocene. The low MS
unit at the base of all the study cores and found in
the middle of core 5 likely marks the Holocene cli-
matic optimum, or Hypsithermal, roughly between 8
and 2.7 ka. This is consistent with other glacial ma-
rine records from the Antarctic Peninsula (Shevenell
et al., 1996), the Ross Sea (Jacobson, 1997), and
Wilkes Land (Harris et al., 1998); however, a better
age constraint is required and pending for our study.
The lower MS values determined in this unit reflect
dilution via increased primary productivity. An in-
crease in % biogenic silica and CaCO3 reaction in
addition to a decrease in quartz support a hypothesis
for a more productive mid-Holocene (Hypsithermal)
for the region as represented by the first-order MS
change for all of the study cores (Figs. 3 and 5).
Diagenetic dissolution of magnetite is an unlikely
explanation for the MS decrease because of the

highly varied core depth at which the MS change
occurs; we would expect a similar depth change if
diagenesis had occurred. The striking increase in
MS values for all the study cores may reflect the
termination of the Holocene Hypsithermal and a sig-
nificant decrease in regional productivity dated at ca.
2500 years BP (Leventer et al., 1996). As a result,
the hemipelagic sediment background MS signal is
enhanced via minimal dilution by organic material.
Clearly, the magnetic lithostratigraphy used for this
study provides a powerful, first-order methodology
for extracting and correlating regional lithostrati-
graphic change possibly linked to climate as we
suggest here.

5. Conclusions

The data collected and analyzed for this project
led to the following conclusions.

The Palmer Deep bathymetry is complex, divided
into three basins, each recording an unique sedimen-
tological history.

Five to six mud turbidites are found within Basins
II and III, but not in the shallower Basin I. These
turbidites most likely originate from the respective
basin side walls and shelf environments, although
provenance studies have not been conducted to con-
firm this statement.

The magnetic susceptibility decreases to low, al-
most negligible, values below mid-core (4–6 m)
for each of the cores collected, suggesting a re-
gional depositional and environmental change dated
at approximately 2500 years BP or the end of the
Holocene Hypsithermal.

Decreases in the percent biogenic silica, CaCO3,
and diatomaceous sands seen in core 63 slightly
precede in core depth that of the MS increase; ac-
curate measurements of time correlativity remain
unclear because of the turbidite units. This observa-
tion indicates a potential time-response lag between
processes controlling bioproductivity and the con-
sequent change in primary sedimentation processes.
We interpret this observation to indicate a climatic
cooling with reduced biogenic marine productivity
which continues to this day; this hypothesis is cor-
roborated by the work of Leventer et al. (1996). This
change towards a colder climate with lowered pri-
mary productivity has produced a hemipelagic signal
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with higher MS values due to reduced dilution af-
fects. During warmer periods prior to 2500 years
BP, this hemipelagic component was diluted by the
higher marine biogenic productivity and consequent
organic matter flux.

Sediment studies from closed basins, such as
the Palmer Deep, clearly indicate the potential for
high-resolution, regional paleoclimatic studies along
the Antarctic Peninsula for the late-glacial, Holocene
transition and the Holocene itself.
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