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Abstract. Knowledge on past variability of sedimentary or- during cold periods when the Beaufort Gyre contracted.

ganic carbon in the Arctic Ocean is important to assess natuWe propose that this pattern may be related to orbital- and
ral carbon cycling and transport processes related to globahillennial-scale variations of dominant atmospheric surface

climate changes. However, the late Pleistocene oceangressure systems expressed in mode shifts of the Arctic Os-
graphic history of the Arctic is still poorly understood. In cillation.

the present study we show sedimentary records of total or-
ganic carbon (TOC), CaGfbenthic foraminifera®0 and

the coarse grain size fraction from a piston core recovereq
from the northern Northwind Ridge in the far western Arc-

tic Ocean, a region potentially sensitively responding to pastrhe causes and implications of recent climate change are in-
variability in surface current regimes and sedimentary pro-tensjvely debated. In particular the Arctic region appears to
cesses such as coastal erosion. An age model based on 0X¢spond sensitively to climate change, as demonstrated by a
gen stratigraphy, radiocarbon dating and lithological con-pear-continuous decrease in annual sea ice extent over the
straints suggests that the piston core records paleoenvironast 30yr (Johannessen et al., 2004). Arctic environmen-
mental changes of the last 155 kyr. TOC shows orbital-scalgg| change directly relates to changes in total organic carbon
increases and decreases that can be respectively correlatefloC) in Arctic Ocean sediments through variable terrestrial
to the waxing and waning of large ice sheets dominatingand marine input of organic matter. Today, coastal erosion
the Eurasian Arctic, suggesting advection of fine suspende@nd to a lesser extent large rivers such as the Yenisei and Lena
matter derived from glacial erosion to the Northwind Ridge play the dominant role for terrestrial organic carbon (G

by eastward flowing intermediate water and/or surface Wainput along the coasts of Siberia and Alaska (Reimnitz et
ter and sea ice during cold episodes of the last two glacialy|., 1988; Rachold et al., 2000). In the Canadian Beaufort
interglacial cycles. At millennial scales, increases in TOC sea, on the other hand, river discharge from the Macken-
might correlate to a suite of Dansgaard-Oeschger Stadialgje River is more important than coastal erosion (Macdonald
between 120 and 45 ka before present (BP) indicating a poset al., 1998). Marine organic carbon (@) accumulation
sible response to abrupt northern hemispheric temperaturg mainly limited by the extents of sea ice, which decreases
changes. Between 70 and 45kaBP, closures and openinggrface productivity by one order of magnitude compared to
of the Bering Strait could have additionally influenced TOC open water conditions (Wollenburg and Mackensen, 1998).
Val’lablllty CaCQ content tends to anti-correlate with TOC ThUS, past variations in TOC deposition in Arctic Sea sed-
on both orbital and millennial time scales, which we interpretiments provide a sensitive tool for tracking environmental
in terms of enhanced sediment advection from the carbonatezhanges that can be related to processes at land and sea, such
rich Canadian Arctic via an extended Beaufort Gyre duringas glacial erosion by ice sheets, river discharge, ocean circu-
warm periods of the last two glacial-interglacial cycles and |ation patterns and marine productivity. However, the orbital-
increased organic carbon advection from the Siberian Arctico mijllennial-scale TOC variations in the far western and far
eastern Arctic are poorly known, despite their importance for
our understanding of sedimentary processes in relation to en-

Correspondence tdv1. Uchida vironmental change, for example through openings and clo-
BY (uchidama@nies.go.jp) sures of the Bering Strait (Hu et al., 2010). Here we present
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records of TOC and calcium carbonate (CaE@ver the last 180°
155000yr (155kyr) from a sediment core recovered from -
the northern Northwind ridge, an area potentially strongly
responding to climate change through changing ocean cur-
rents such as the Beaufort Gyre, summer sea ice extent, a
well as variable organic matter supply.

2 Present and past oceanographic setting

The Chukchi Borderland, located about 1000 km north of
the Bering Strait, is characterized by a complex topogra-
phy of ridges and plateaus, which extend northward from
the Chukchi Shelf into the Amerasian Basin (Fig. 1). To-
day, the area is primarily influenced by Pacific waters enter-
ing through the Bering Strait and a clockwise current in the
Canada Basin known as Beaufort Gyre (e.g. Macdonald et
al., 2003). The Beaufort Gyre transports sea ice and sedi-
ments from the Canadian Arctic to the Central Arctic (Stein,
2008). As a result of nutrient-rich Pacific water influx and
open waters in summers, the contribution of r@gn the Fig. 1. Map of the Arctic Ocean and adjacent land masses. Loca-
surface sediments of the Chukchi Borderland is relativelytion of PC1 is indicated by an “x". Modern surface currents, typical

high (50% of TOC) (Naidu et al., 2004; Belicka and Har- [or Warm periods and a negative Arctic Oscllation (A0) mode ave
vey, 2009), compared to common average values of 10 t(% own as white arrows (BG = Beau ort Gyre, TPD = Transpolar
rift), proposed surface currents during cold periods and a posi-

20% in the Arctic .Ocean ‘?'“e to 3|gn!f|cant Input ,Of e tive AO mode are shown as red arrows (after Darby and Bischof,
from the surrounding continents (Stein, 2008) (Fig. 1). At 2004). The Atlantic Layer (AL) intermediate water flow is indicated
depths betweer200 and~800 m, the Chukchi Borderland 45 gashed grey arrow. The white dashed lines denote extents of re-
is influenced by the so called Atlantic Layer, an intermediateconstructed LGM ice sheets (Svendsen et al., 2004). The names of
water mass inflowing from the Atlantic into the Arctic Ocean large rivers are indicated at their present location. Modern average
along the slopes of the Eurasian shelves (Fig. 1). Beneath thgercentages of terrestrial and marine organic carbon on the Arctic
Atlantic Layer deep bottom water fills the Amerasian and shelves are also shown (after Stein et al., 2008). The green dashed
Eurasian Basin. lines delineate isolines of carbonate percentages (indicated as green
The adjacent Chukchi Shelf encompasses an area dtumbers) in Arctic sediments (data from Phillips and Grantz, 2001).

620x 103 km?2 with a mean depth 0£80 m. Due to its shal- The~120 m isobath in the Chukchi Borderland region is drawn as

low depth the Chukchi Shelf was largely exposed during the? blue dashed line.

Last Glacial Maximum (LGM) ca. 22 000 to 19 000 yr before
present (22 to 19 ka BP), when sea level wd20 m lower
than today (Fig. 1). During Marine Isotope Stage (MIS) 2,
6, and partly MIS 3 and 4 the Bering Strait was closed (Hu
et al., 2010) owing to its shallow depth of only60 m today,

inhibiting the inflow of Pacific waters. Piston core MR08-04 PC1 has been recovered in sum-

During glacial periods large ice sheets dominated themer 2008 at 998 m water depth from the northern part of
shelves and adjacent land of western Siberia, the Canadiatn

Arctic and Greenland (Dowdeswell et al., 2002). These ice he NorthW|_nd Ridge (.; ”8'5(.1 N, 15§31.83W) (F'g_' D).
X : . . Based on visual core inspection and soft X-ray radiographs,
sheets played an important role in transporting sediments t

the shelf break through glacial erosion, sediment mass Was?_aken using a SOFTEX PRO-TEST 150, the core mainly

. : . consists of grey to olive brown clayey sediments (Fig. 2a).
ing (Dowdeswell et al., 1998, 2002) and calving of icebergs ;.. ;
(e.g. Josenhans et al.. 1986: Shipp et al., 2002). A fractio A light brown interval can be observed between 535 and

of the sediments is further transported from the shelf breaq‘r>75 cm depth and two pink-whitish layers between 652 and

of the Barents and Kara seas far to the east via the Atlantic%:Cso’ ?\?zdecfet?et{:: ger?7j407ma?1?jp$9 ?mwgglst?, layl\jir”i';:tlsg
Layer (Knies et al., 2001). Sea ice drifting transports sed- 9 .

. - : scale laminations occur between 17 and 51cm, and mm-
iments along prevailing surface currents, which depend %o cm-scale laminations between 638 and 646, and 683 and
dominant wind patterns (e.g. Bischof and Darby, 1997). '

690cm depth. PC1 is also characterized by several layers
of mm-scale scattered IRD and isolated cm-scale IRD clasts
(Fig. 2a).

3 Methodology

3.1 Core location and description
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Core depth (cm) 3.2 Carbon measurements
(? 190 2(?0 390 4(30 SqO 6q0 7(?0 800
Hmmm .o LER L »E |||H ||| @ Core PC1 was subsampled at 2.3 cm resolution. For the mea-
¥ TN WE T 045 surement of bulk carbon (C) contents, 1 to 1.5g of freeze-
: : LA °v35§ dried sediments per sample were powdered, wrapped in tin
025 R capsules and measured using a CHN analyzer (EA1112,
015 EURO SCIENCE) at the National Institute for Environmen-
<7 tal Studies in Tsukuba. For TOC measurements, 1 g sediment
Ee per sample was treated with 1N HCL overnight to dissolve
3 : 40 CaCQ, washed three times using distilled water and dried
» o in an oven overnight at 5@ prior to powdering and mea-
zof’g surement by the CHN analyzer. The percentage of GagO
W R the sediments has been approximated using the equation

0 %CaCQ = (%C—%TOC) x (100/12) 1)

where the factor 100/12 corresponds to the atomic weight
ratio of CaCQ and C.

&
®

3.3 Benthic oxygen isotope measurements

-38 o;
“g In order to reconstruct temporal changes of bottom water
3.2 Lo} stack 0 oxygen isotopes at site PC1, 53 samples were selected at
2 4 v © 5 to 20 cm intervals throughout the core, wet-sieved over a
2 o ; a 63 um sieve, rinsed in distilled water, dried overnight atG0
ssl 0% A == fshelfbreak and weighed for an estimation of the coarse6@ um) frac-
ggg o G ot tion. Using a binocular microscope, 3 to 10 specie8of
FTI—BEQITF%_JEELG e [ __6 _wpg] limina aculeata which calcifies its test close to the calcite
2 08 eetesy T oxygen isotope equilibrium (McCorkle et al., 1997), were

hand-picked from the- 150 um fraction of each sample.
Fig. 2. Variations in (a) the lithology of PC1,(b) TOC of Foraminifera were analyzed at the Bloomsbury Environmen-
PC1, (c) the > 63um fraction of PC1(d) CaCQ; of PC1 and tal Isotope Facility of the University College London. Oxy-
(e) benthics180 of PC1 (overlap is the 3-point moving average) gen isotopic data were expressed in standardtation rela-
with core depth, and temporal variations () the NGRIP§80 tive to the Peedee Belemnite (PDB) carbonate standard with
record (NGRIP members, 2004p) the benthic LR04180 stack  an instrumental precision 6f 0.06 %o.
(Lisiecki and Raymo, 2005), anth) the extent of Eurasian ice
sheets between the coast and the shelf break (Knies et al., 1998 4 Radiocarbon measurements
2000; Miller et al., 1999). In the columnar section of PC 1 (panel
a), the large black dots represent IRD clasts, the small black dth’O constrain sediment ages in the upper part of PC1,
are scattered IRD and vertical black lines indicate laminated hori~ye measured radiocarboﬁ“(:) contents of the planktonic
zons based on visual core inspection and soft-X ray radi()graphsforaminiferaNeogloboquadrina pachyderma 122.6 and
The light brown layer between 535 and 575cm, as well as the125 cm depth. Sediment samples were wet-sieved over a

pink-whitish layers at-653 and~670 cm and the whitish layer at . S ; .
~448 cm depth possibly associated with meltwater events (MWE)63 pm screen, rinsed in distilled water and dried overnight at

are also shown. Extents of the East Siberian Glaciation (ESG) and‘-}O"C. Foramlnlfera were hand-plcked_, cleaned bY soaking in
the Severnaya Zemlya Glaciation (SZG) are presented as blue shad 30 % FO2 solution to remove adhering contaminants, and
ings (panel h). Extents of the Northern Barents Sea Ice Sheet aréonverted to C@ by dissolution in 100 % phosphoric acid
indicated as dashed black line (panel h). MIS stages are showfH3PO4) in evacuated glass tubes. The £gas was cryo-

on top of the calendar age scale. Red dashed lines, the greegenically purified, reduced to graphite over an iron catalyst
dashed line, and the black dashed lines indicate the proposed corrén the presence of Hand subsequently submitted to radio-
lation between the LRO&#'80 stack and the benthic®0 record of  carbon dating at the AMS facility (NIES-TERRA) of the Na-

PC1, the age-depth correlation based on radiocarbon dating, and thgynal Institute for Environmental Studies, Tsukuba (Uchida
age-depth correlation based on lithological constraints, respectivelyet al., 2004, 2005, 2008)

Vertical grey shadings indicate relative increases of TOC and their
possible relation to DOS and/or MIS stages. Corresponding stadial
numbers are shown in panel (f).
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4 Results straints of our age model (Fig. 2). Radiocarbon dating on
N. pachydermgielded*C ages of 46.6- 0.4 ka (TERRA-
4.1 Age model 090809a37) and 45:6 0.5 ka (TERRA-090809a34) at 122.6

and 125 cm depth, respectively. Recalculationt® ages
To construct an age model we relied on a comparison of oubased on the Intcal09/MarineQ9 calibration curve (Reimer et
benthics180 record with the global benthid80 stack LRO4  al., 2009) using the CALIB 6.0 software (Stuiver and Reimer,
(Lisiecki and Raymo, 2005) (Fig. 2g), radiocarbon dating of 1993) suggests calendar ages of respectively #D.%
planktonic foraminifera and on changes in colour and lithol- (20) kaBP and 46.4- 1.4 (20) ka BP. The average calendar
ogy of the sediments in PC1. Variations in benthi8O are  age of 46.9+ 1.4 ka BP at~123.8 cm depth is well consistent
a function of changes in global ice volume, bottom water with our age estimation based on oxygen stratigraphy for this
salinity and bottom water temperature. Because the Arc-depth interval. According to this age model, the sedimen-
tic Ocean is a semi-enclosed basin @180 may be more tation rate of core PC1 is relatively constant~ab cm/kyr,
readily influenced by salinity and temperature changes, fowhich is a reasonable value for cores recovered from ridges
example in response to meltwater events, a detailed correlasuch as the Northwind Ridge in the Arctic Ocean for the last
tion to the LR04s180 stack should be considered with care. glacial-interglacial cycle (e.g. Backman et al., 2004).
Restricting ourselves to major features, we nevertheless rec-
ognize that benthié180 values below~300cm depth are 4.2 Downcore variations of TOC, CaCQ and coarse
on average lighter than in the upper part of the core, sug- fraction
gesting that the lower part was mostly deposited during an
interglacial period. Furthermore, the major transition from The variation of TOC in PC1 is shown in Fig. 2b. TOC val-
the last interglacial to the last glacial stage (from MIS 5 ues range between0.15 and~0.45 %, punctuated by major
to MIS 4), as documented in the LR04 bentBi€O stack,  peaks centered at 618, 584, 502, 250, 223, 201, 161, 135 and
seems to be well resolved in our bentit?O record be-  35cm depth. Between 447 and 292 cm values are generally
tween 230 and 330cm depth (Fig. 2e, g). We suggest thaglevated ranging betweer0.25 and~0.3 % including sev-
the lightests180 values at 563 cm depth could be correlated eral low amplitude peaks reachingd.35 %.
to MIS 5e in view of the occurrence of a brownish layer in  Variation of CaCQ@ with depth is presented in Fig. 2d.
the same interval, which is indicative for peak interglacial CaCQ; is low between core bottom and 676 cm, and between
conditions in sediments of the Arctic Ocean (e.g. Phillips 65cm and core top with values ranging fror®.2 to~5 %.
and Grantz, 1997). Glacial deposits, on the other hand, arBetween 602 and 461 cm, Cag® high ranging from 10
typically of more greyish colour, and characterized by a lowto 36 % and averaging-22 %, except for a negative excur-
degree of bioturbation or laminations (absence of bioturba-sion at~504 cm, where values decrease to 5%. Between
tion) (Stein, 2008). Laminations may be expected in par-461 and 70 cm, CaC{averages~11 %, but shows a high
ticular during glacial maxima such as MIS 2 and MIS 6 peak of 40 % at 447 cm and cyclically increased value8 (
in the western Arctic Ocean, as such periods were probato ~20 %) between 420 and 374, 330 and 292, 212 and 151,
bly characterized by perennial sea ice cover (Darby et al.and 125 and 76 cm. Between these layers of increased values,
1997) and strongly limited benthic fauna (Wollenburg and CaCQ is relatively low ranging from~5 to ~10%. Tem-
Mackensen, 1998). We therefore correlate the laminationgporal variations in the coarse fraction in PC1 (Fig. 2c) are
near core top and those near core bottom to MIS 2 and MISsimilar to CaCQ, which is also expressed in a high correla-
6, respectively. The light180 values at~660cm depth, tion coefficient ofRZ = 0.71 for the two variables. Prelim-
which are lithographically positioned between the two lami- inary inspection of planktonic and benthic foraminifer con-
nated layers near core bottom, would thus probably have octents suggests that biogenic carbonate constitutes between 0
curred during late MIS 6 and may have been related to a lateand 5 % of the sample amount and that most of the GACO
glacial meltwater event from the Canadian Arctic judging variation in PC1 should be regarded detrital in nature.
from its association with two pink-white layers and percent-
age peaks in CaCfand the coarse fraction (Fig. 2a, c—e).
Late MIS 6 meltwater events were also reported by Spiel-5 Discussion
hagen et al. (2004) on the Alpha Ridge. Coeval spikes in
8180, CaCQ and coarse fraction associated with a whitish 5.1 Variations of TOC, CaCOjs and coarse fraction in
layer in PC1 are also observed-a#i48 cm depth (Fig. 2a, relation to global ice volume changes
c—e), and may similarly suggest a meltwater event from the
Canadian Arctic. We thus tentatively correlate this event toChanges in global ice volume are largely represented by ben-
the Canadian Arctic sourced meltwater events reported fronthic 50 stacks such as the LR04 benthic stack (Lisiecki
the Mendeleev Ridge (Polyak et al., 2004) and Alpha Ridgeand Raymo, 2005) (Fig. 2g)1%0 maxima between 140 and
(Spielhagen et al., 2004) during MIS 56-110kaBP) in  135kaBP (late MIS 6) and between 25 and 18 kaBP (MIS
consistency with lithological and oxygen stratigraphic con- 2) are associated with distinct increases in TOC at site PC1

Biogeosciences, 8, 35483553 2011 www.biogeosciences.net/8/3545/2011/
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(Fig. 2b), while CaC@and the coarse fraction show low val- can be well correlated between sediment cores (e.g. Winkel-
ues during these intervals (Fig. 2¢, d). The ice volume ad-mann et al., 2007, 2008). Primary processes for land-ocean
vances during MIS 5d and 4 (Fig. 2g) similarly correspond transport of OGg in the Arctic Ocean are coastal erosion
toincreased TOC and generally decreased Ca&itd coarse  and river discharge (Reimnitz et al., 1988; Rachold et al.,
fraction contents, although both Cag@énd the coarse frac- 2000; Stein, 2008), importantly supplemented during glacial
tion show a millennial-scale peak during MIS 5d, which is periods by bedrock-eroded material carried by ice streams
probably related to a meltwater event as outlined in chapteand ice sheet flows to the shelf edge (e.g. Elverhgi et al.,
4.1. MIS 5b, on the other hand, is associated with only small1998, Dowdeswell et al., 2002). Q& is further transported
amplitude TOC increases, but distinct minima in CaG@d by surface and deep currents, sea ice and icebergs to the open
the coarse fraction. Relatively low TOC and relatively high ocean (Stein and Korolev, 1994).

CaCQ; and coarse fraction contents correspond to periods of TOC values at site PC1 are generally low, but nonetheless
decreased ice volume during MIS 5e, 5¢ and 5a, but can beharacterized by distinct peaks, in particular during MIS 6,

also identified for the period between 45 and 25 ka BP. 4 and 2. These results are consistent with a study from the

nearby Mendeleev Ridge, where increased input of terrestrial

5.2 Variations of TOC and CaCOQ; in relation to organic matter was observed during cold periods associated
temperature changes in the high latitude Northern  with more efficient transport of organic matter from the land

Hemisphere to the ocean (Yamamoto and Polyak, 2009). Yamamoto and

Polyak (2009) also suggested that transport of terrestrial or-
Variations of 180 in the NGRIP ice core (NGRIP mem- ganic matter during cold episodes was associated with fine
bers, 2004) (Fig. 2f) reflect air temperature changes in theand muddy sediments at the Mendeleev Ridge as also ob-
high latitude Northern Hemisphere. The millennial-scale served in our record, where increases in TOC are mostly as-
abrupt temperature fluctuations during the last glacial periodsociated with low coarse fractions (Fig. 2b, c). These obser-
(Dansgaard-Oeschger Cycles, DOC) recorded in NGRIP invations also suggest that TOC increases at PC1 during cold
dicate dramatic climate changes in response to internal cliperiods occur dominantly due to Qg supply rather than
mate feedbacks, possibly modulated by variations in solatOCna,, Which would more likely increase during warm peri-
forcing (Braun et al., 2005). A close comparison of our ods (Wollenburg and Mackensen, 1998).
data with the NGRIP ice core might suggest that millennial- We accordingly propose that a fraction of bedrock-derived
scale increases in TOC might be correlated to Dansgaarderganic material delivered to the shelf breaks of the Eurasian
Oeschger Stadials (DOS) 26 to 24, 22 to 18, as well as DOR\rctic due to glacial erosion during MIS 6, 4 and 2 was trans-
15/16, 14 and 13 (Fig. 2b, f). DOS 18 and 13 correspond toported eastward to the Chukchi Borderland as fine suspended
Heinrich events H6 and H5 (e.g. Hemming, 2004). On thematter under the influence of eastward flowing intermediate
basis of this correlation, decreases in CaQGfiight corre-  waters of the Atlantic Layer and/or eastward flowing surface
late to DOS 26 to 24, 22, 19, 18, 15/16, and 13 (Fig. 2d, f). Itcurrents and sea ice. Compared to the western Siberian Arc-
should be noted, however, that these correspondences are stilt, dominated by the Barents Sea Ice Sheet, ice sheets of the
speculative and associated with considerable uncertaintiesastern Siberian Arctic were small or stable with restricted
due to unknown millennial-scale sedimentation rates and thdluctuations during the last glacial period (Knies et al., 2000,
nature of our age model, which is only constrained on orbital2001; Svendsen et al., 2004). In particular the LGM ap-
scales. The good temporal correspondence of increases jpears to have been largely free of large ice sheets in Eastern
TOC and decreases in NGR$®20, however, seems to sug- Siberia (e.g. Polyak et al., 2000). Nonetheless, several in-
gest that millennial-scale variations in TOC could be relatedcreases of ice sheets extending to the shelves off eastern Sev-
to abrupt temperature changes in the high latitude Northerrernaya Zemlya (Knies et al., 1999, 2000) and East Siberia

Hemisphere. (Muller, 1999) during MIS 6, 5d, 4 and to a lesser extent
MIS 5b and 3 (Fig. 2h) may have additionally contributed
5.3 Orbital-scale TOC variations in response to ice to OGgeyr input at site PC1 due to their relative proximity to
sheet dynamics the Chukchi Borderland. Furthermore, because the continen-

tal coast was halfway closer to site PC1 during late MIS 6
The last two glacial-interglacial cycles were characterized byand MIS 2 (Fig. 1), erosion from the more exposed Chukchi
a dynamic waxing and waning of large ice sheets in the Arc-Shelf may also have provided an @ source during these
tic (e.g. Knies et al., 1999, 2000;Mer et al., 1999). Forin-  periods.
stance, during the global ice sheet advances MIS 6, 4 and 2,
voluminous ice sheets covered the land and adjacent shelves
of the western Eurasian Arctic, the Canadian Arctic and
Greenland (Figs. 1 and 2h). TOC contents in Arctic Ocean
sediments in relative proximity to the western Siberian Arc-
tic show distinct increases during these time intervals, which

www.biogeosciences.net/8/3545/2011/ Biogeosciences, 8, 35832011
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5.4 Anti-correlation of CaCO3 and TOC and their in TOC. However, as mentioned in chapter 5.3, increases in
possible relation to oceanic and atmospheric organic matter input may be well expected in the area dur-
circulation ing cold periods (Yamamoto and Polyak, 2009) and therefore

probably contributed to TOC increases.

The good positive correlation between Ca@nd the Today, changes in Beaufort Gyre strength are coupled to

coarse fraction (Fig. 2c, d) is suggestive for a commonthe Arctic Oscillation (AO) (Thompson and Wallace, 1998):
source. Because the carbonate-rich Canadian Arctic should negative AO is associated with an extended Beaufort Gyre,
be viewed as the primary source of detrital carbonate, whilewhile a positive AO is associated with a contracted Beau-
carbonate is rare or absent on the Siberian margins and ifort Gyre and an extended cyclonic circulation over the Arc-
the eastern Arctic Ocean (Bischof et al., 1996), we suggestic Basin (Mysak, 2001; Rigor et al., 2002) (Fig. 1), involv-
that our more carbonate-rich and coarser samples would haviag the possibility that the dominant AO mode may have re-
mostly derived from the Canadian margins. In contrast, samsponded to changes in climate (Darby and Bischof, 2004).
ples with low coarse fraction and lower carbonate could be

explained by advection of organic carbon from carbonate-5.5 Millennial-scale TOC and CaCQ; variability in

poor areas such as the Siberian margins, consistent with the ~ response to DOC and Bering Strait throughflow
results of Yamamoto and Polyak (2009), and/or by weaken- ) ) )

ing of carbonate transport to the Northwind Ridge. TOC and CaC@ accumulation at site PC1 did not only re-

With regard to surface ocean current dynamics, PhillipsSPOnd to slow orbital-scale changes in global ice volume,
and Grantz (2001) suggested that the relatively high detriPut also varied at millennial scales, which might be re-
tal carbonate observed today at the Northwind Ridge would@€d to abrupt variations in northern hemispheric tempera-
have been transported from the carbonate-rich Canadian Ardure recorded in the NGRIP ice core, as based on a tenta-
tic via the Beaufort Gyre. Spielhagen (1997, 2004) also ob-tive temporal correlation of almost all DOS events between
served increases in carbonate at the southeastern Lomonosoy-20 and~4skaBP with increases in TOC and in many
Ridge during MIS 7 and middle MIS 5, which may have CaSe€s With decreases in CagOBecause atmospheric Cir-
been related to substantial sediment transport via an extenddgtation responds immediately to hemispheric temperature
Beaufort Gyre during warm periods (Phillips and Grantz, changes, we suggest that one possible explanation for these

2001). Thus, increases in detrital Cag@l site PC1 were millennial-scale variations in TOC and Cagére changesin

probably associated with enhanced advection of carbonate© @nd consequent changes in the Beaufort Gyre strength. In

rich sediments via sediment-laden sea ice and/or iceberg@nalogy to orbital-scale variations in Beaufort Gyre strength,
from the Canadian Arctic in association with an extendeddiScussed in chapter 5.4, a negative AO during interstadials

Beaufort Gyre during warm periods (Phillips and Grantz, Would have generally led to a Beaufort Gyre extension de-
2001). On the other hand, during cold periods, which arecreasing Oterr advection from the Siberian shelves and in-

associated with lower CaGQtontents and increased TOC creasing CaC@_from the Canadian Arctic, while a positive
at site PC1, the Beaufort Gyre would have contracted and*© during stadials would have led to a Beaufort Gyre con-
the Transpolar Drift shifted towards North America (Bischof traction associated with increased #cand lower CaC@
and Darby, 1997) (Fig. 1). We thus suggest that TOC in-(Fig- 1). _

creases observed at site PC1 derived from the Siberian ice PUring MIS 4 and the earlier part of MIS 3-(0 to

sheets due to glacial erosion, at times when sediment input#4° k& BP) TOC seems to have responded in a particularly

from the Canadian Arctic decreased due to a weaker Beaugensitive manner to DOC, as it shows considerable relative
fort Gyre. The anti-correlation of CaGCand TOC at site increases during periods that might correspond to DOS 19,

PC1 may therefore be related to a glacial-interglacial changdi®: DOS 15/16, 14 and H5. We suggest that TOC events at
in major Arctic Ocean current systems (Phillips and Grantz,Sit€ PC1 were amplified during those periods in response to

2001). Variable IRD and coarse fraction input at site pc1 Millennial-scale shallowing or closures of the Bering Strait
provides additional evidence to such inference (Fig. 2a, c)during cold stadials of MIS 4 and 3 (Hu et al., 2010), which

increased IRD and coarse fraction contents during MIS 5eled to increases in coastal erosion along the new continuous

5¢, 5a and partly MIS 3 were probably related to sea icecoast line and inhibited dilution of Arctic water masses by

and/or iceberg advection by the Beaufort Gyre. In contrastPacific waters. Both processes could have led to relative
rather low IRD and coarse fraction contents during periods"créases in Ofer supply to the Chukchi Borderland. Our

of large Eurasian ice sheets (Fig. 2a, ¢, h) would have beefesults suggest that the far western Arctic and Chukchi Sea

related to a weaker Beaufort Gyre and calm conditions with@r€as were climatically not stable during the last glacial pe-
sea ice coverage over most of the year. Because dilution dfiod, but experienced significant and abrupt changes possibly

TOC by CaCQ may also explain part of the anti-correlation in association with northern hemispheric climate change and
of the two variables, changes in detrital carbonate supplyBering Strait dynamics.

in response to a changing Beaufort Gyre may have caused

the observed temporal variations without invoking changes
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6 Summary and conclusion Bischof, J. F. and Darby, D. A.: Mid to Late Pleistocene ice drift in
the western Arctic Ocean: evidence for a different circulation in
In the present study we discussed orbital- and millennial- the past, Science, 277, 74-78, 1997.
scale variations in TOC and Ca@GOn the Chukchi Bischof, J. F, Clark, D. L., and Vincent, J. S.: Pleistocene paleo-
Borderland in association with glacial-interglacial changes in ~ ceanography of the central Arctic Ocean: the sources of ice rafted
ice volume and northern hemispheric temperature. We sug- debris and the compressed sedimentary record, Paleoceanogra-
gested that orbital- and millennial-scale increases of TOC in_ PY: al,gf]s'—?& 129?]- ‘s G ki A Mangini A
PC1 were related to glacial erosion during cold episodes of"@uM H-, Christ, M., Rahmstorf S., Ganopolski, A., Mangini, A,
. . . . . Kubatzki, C., Roth, K., and Kromer, B.: Solar forcing of abrupt
the last two glacial-interglacial cycles, while periods of in- S . _
d lated d ! f b ich glacial climate change in a coupled climate system model, Na-
crease CaC®were re ate. to a v_ectlon of car onatg-rlc ture, 438, 208—211, 2005.
sediments from thg Canadian Arctic QUrlng warm (_ap|sodesDarby’ D. A. and Bischof, J. F. A Holocene record of
We propose that this pattern, also in view ofatentatlve.' corre- changing Arctic Ocean ice drift, analogous to the effects
lation between TOC events and DOS, could be explained by of the Arctic Oscillation, Paleoceanography, 19, PA1027,
changes in dominant atmospheric surface pressure patterns doi:10.1029/2003PA000962004.
expressed in mode shifts of the AO. A dominantly positive Darby, D. A., Bischof, J. F., and Jones, G. A.: Radiocarbon chronol-
AO during glacial and stadial periods would have promoted ©0dy of depositional regimes in the western Arctic Ocean, Deep-
a contracted Beaufort Gyre and an extended cyclonic circu- SeaRes. Pt. I, 44(8), 1745-1757, 1997. _
lation in the Arctic Ocean facilitating advection of @gby Do"_"des"‘f”' J. A, Elverhai, A, ;Pd _Sp'e'higelg'IR':'\IG"';‘]CAOF‘B"_
the eastward flowing Atlantic Layer and/or eastward flow- "€ 5€ Imentary processes and facies on the Polar North Atlantic
. . . . margins, Quaternary Sci. Rev., 17, 243-272, 1998.
ing surface currents and sea ice to the Northwind Ridge. : .

i ) duri isod h h owdeswell, J. A.,O Cofaigh, C., Taylor, J., Kenyon, N. H.,
prevailing negative AO during warm episodes, on the other Mienert, J., and Wilken, M.: On the architecture of high-latitude
hand, would have promoted an extended and strengthened continental margins: The influence of ice-sheet and sea-ice
Beaufort Gyre aS?jOUated.W'th enhanced advectl.on Of_det”' processes in the Polar North Atlantic, in: Glacier influenced
tal CaCQ by sea ice and icebergs to the Northwind Ridge.  sedimentation on high-latitude continental margins, edited by:
Observed TOC and CaG@uctuations in this study suggest  Dowdeswell, J. A. an® Cofaigh, C., Geological Society of Lon-
that the Arctic responded sensitively to climate changes of don (Special Publication), 203, 33-54, 2002.
the last two glacial-interglacial cycles on both orbital and Elverhgi, A., Dowdeswell, J. A., Funder, S., Mangerud, J., and
spheric circulation patterns, which supports scenarios of an Margins, Quaternary Sci. Rev,, 17, 1-10, 1998.

amplified Arctic environmental change in response to mod-Hemming, S. R.: Heinrich events: Massive Iate_PIelst_ocer_le detritus
. layers of the North Atlantic and their global climate imprint, Rev.
ern climate change.

Geophys., 42, RG10080i:10.1029/2003RG000123004.
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