N
N

N

HAL

open science

Interpreting last glacial to Holocene dust changes at
Talos Dome (East Antarctica): implications for
atmospheric variations from regional to hemispheric
scales
Samuel Albani, B. Delmonte, V. Maggi, C. Baroni, J.R. Petit, B. Stenni, C.

Mazzola, M. Frezzotti

» To cite this version:

Samuel Albani, B. Delmonte, V. Maggi, C. Baroni, J.R. Petit, et al.. Interpreting last glacial to
Holocene dust changes at Talos Dome (East Antarctica): implications for atmospheric variations from
regional to hemispheric scales. Climate of the Past, 2012, 8, pp.741- 750.

insu-00843553

HAL Id: insu-00843553
https://insu.hal.science/insu-00843553
Submitted on 11 Jul 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

10.5194/cp-8-741-2012 .


https://insu.hal.science/insu-00843553
https://hal.archives-ouvertes.fr

Clim. Past, 8, 741750, 2012 7 a -

www.clim-past.net/8/741/2012/ GG Climate
doi:10.5194/cp-8-741-2012 of the Past
© Author(s) 2012. CC Attribution 3.0 License. -

Interpreting last glacial to Holocene dust changes at Talos Dome
(East Antarctica): implications for atmospheric variations from
regional to hemispheric scales

S. Albanil2, B. Delmonté!, V. Maggil, C. Baroni®, J.-R. Petit*, B. StennP, C. Mazzolal, and M. Frezzotti®

1Department of Environmental Sciences, University of Milano-Bicocca, Milan, Italy
2Graduate School in Polar Sciences, University of Siena, Siena, Italy
3Dipartimento di Scienze della Terra, Univessti Pisa, Pisa, Italy

4LGGE-CNRS Universi Joseph Fourier-Grenoble, Grenoble, France
SDipartimento di Geoscienze, Univegsidi Trieste, Trieste, Italy

SENEA-UTA, Roma, ltaly

Correspondenceto: S. Albani (samuel.albani@unimib.it)

Received: 20 December 2011 — Published in Clim. Past Discuss.: 5 January 2012
Revised: 20 March 2012 — Accepted: 22 March 2012 — Published: 4 April 2012

Abstract. Central East Antarctic ice cores preserve strati-1 Introduction
graphic records of mineral dust originating from remote
sources in the Southern Hemisphere, and represent usefiineral dust is an active component of the climate system,
indicators of climatic variations on glacial-interglacial time interacting directly and indirectly with solar radiation, clouds
scales. The peripheries of the East Antarctic Ice Sheet, wherand biogeochemistry (IPCC, 2007). It is emitted by the ac-
ice-free areas with the potential to emit dust exist, have beetion of wind stress on arid or semiarid areas, with low vegeta-
less explored from this point of view. Here, we present a newtion cover and the capacity of accumulating fine-grained ma-
profile of dust deposition flux and grain size distributions terial (Prospero et al., 2002); as such, dust source areas may
from an ice core drilled at Talos Dome (TALDICE, North- vary both in terms of activity and geographical location or in
ern Victoria Land, East Antarctica), where there is a signif- Size in response to environmental changes. Once entrained
icant input of dust from proximal Antarctic ice-free areas. in the atmosphere, small dust grains can be transported over
We analyze dust and stable water isotopes variations frontarge distances by winds before they are deposited on the sur-
the Last Glacial Maximum to the Late Holocene, and com-face (Prospero et al., 2002). In environmental settings where
pare them to the EPICA Dome C profiles from central Eastformation and preservation of a continuous and undisturbed
Antarctica. The smaller glacial-interglacial variations at Ta- stratigraphy is likely, mineral dust represents a proxy for past
los Dome compared to Dome C and a distinctive decreasinglimate, atmospheric and environmental changes (Kohfeld
trend during the Holocene characterize the TALDICE dustand Harrison, 2001).
profile. By deciphering the composite dust signal from both Ice cores are invaluable climate archives (EPICA Commu-
remote and local sources, we show the potential of this comnity Members, 2004; Steffensen et al., 2008). Dust records
bined proxy of source activity and atmospheric transport tofrom ice cores have been produced from both low-latitude ice
give information on both regional and larger spatial scales.caps (Thompson et al., 1995; Xu et al., 2010) and polar ice
In particular, we show how a regional signal, which we re- sheets (Petit et al., 1999; Lambert et al., 2008), preserving
late to the deglaciation history of the Ross Sea embaymenipformation on past variability of the dust cycle. In partic-
can be superimposed to the broader scale glacial-interglaciallar, dust records from polar ice cores have been shown to
variability that characterizes other Antarctic sites. be very reliable indicators of climate variability on glacial-
interglacial time scales (Fuhrer et al., 1999; Lambert et al.,
2008). Most of the more detailed information on dust depo-
sition in Antarctica on glacial-interglacial time scales stems
from ice cores drilled in the Central East Antarctic Plateau
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(CEAP), e.g. Vostok (Petit et al., 1999) and EPICA Dome C
(EDC) (Lambert et al., 2008). All sites from CEAP can be
considered rather homogeneous in terms of snow accumula
tion rates, dust depositional fluxes, glacial-interglacial ratio
of dust deposition and remote dust sources (Delmonte et al. |:
2004, 2008). On the other hand, the peripheries of the Easf
Antarctic Ice Sheet are still poorly explored from this point
of view (Delmonte et al., 2010b; Bory et al., 2010).

We present here a new mineral dust record spanning the
period from 2 to 23kyr Before Present (before 1950 AD;
BP), obtained from the TALos Dome Ice CorE drilling < Ry |
project (TALDICE). Talos Dome (15941 E, 7249 S, / 1 - | o~ Talos
2315ma.s.l., Fig. 1) is a peripheral dome located in the| /
South Pacific/Ross Sea sector of the East Antarctic Plateat
(www.taldice.org). The uppermost 1550 m of the 1620 m
deep TALDICE ice core provides an undisturbed record of
paleoclimate for the Ross Sea sector of East Antarctica, cov-

: : Fig. 1. Satellite image (Landsat Image Mosaic of Antarctica
ering the past 250000yr (Stenni et al., 2011). The ge-_*" )
ographic location of the drilling site, with relatively high -0/ec) of the Ross Sea and Dome C area. The top insert shows
lation rates (80 ki -1 average 2004— the approximate location of Talos Dome (red dot) in Antarctica (A
Show accumu gryr -, g RADARSAT Map of Antarctica. Credit: AMM, SVS, NASA, CSA.

1259 AD), enables accurate dating of the core, particularlyggyrce: http://apod.nasa.gov/apod/ap991116.html). The insert on
during the last climatic transition (Buiron et al., 2011). The the pottom-right side shows the Talos Dome area. Dashed lines
site also provides a good relative chronological link with with accompanying time indication show the timing of the Ross Ice
other relevant Antarctic and Greenland ice cores (Lemieux-Shelf grounding line retreat (Conway et al., 1999; Hall, 2009).
Dudon et al., 2010).

The climatic history of TALDICE was depicted by sta-
ble water isotopess{80) profiles, in comparison with other comparative dust*®0 Talos Dome versus CEAP analysis
Antarctic sites. Some differences highlighted Talos Dome’sthroughout the deglaciation and the Holocene, we explore
more “coastal” behaviour compared to sites from CEAP, possible links between dust sources, atmospheric variations
with distinctive features reflecting changes in local elevationand the deglaciation history of the Ross Sea embayment.
and/or in moisture source and pathways linked to the retreat
of the Ross Ice Shelf/ice Sheet and thinning of the periph-
eries of the East Antarctic Ice Sheet during the deglaciatior? Analytical methods
(Stenni et al., 2011; Masson-Delmotte et al., 2011).

Previous work has shown that dust deposition atln this work, we present550 discrete (25 cm long) ice sec-
TALDICE responded to large climate variations on glacial- tions in the 175-870m depth range, corresponding to the
interglacial time scales, similar to the CEAP sites, with ~2-23 kyr BP time period (Buiron et al., 2011), with an av-
higher fluxes during cold stages (Delmonte et al., 2010b).erage time resolution of one sample everg0yr for the
when TALDICE and CEAP sites had a similar dust iso- Holocene (average sample time spaiyr) and the deglacia-
topic composition, suggesting common dust sources (Delfion and one sample every350yr for the LGM (average
monte et al., 2010a). On the other hand, a different dust isosample time span-23yr). Samples were decontaminated
topic composition between TALDICE and CEAP sites dur- in a clean room (class 1000) under a laminar flow bench
ing the Holocene, together with the presence of dust graingclass 100) following the procedure adopted in Delmonte et
larger than 5 pm (diameter) that were virtually absent in theal. (2004, 2010b). Post-melt samples were settled for 24 h
EDC core, highlight the significant contribution of dust of and then analyzed for their insoluble mineral dust concen-
local origins to the TALDICE dust content (Delmonte et al., tration and size. This was done to avoid the counting of
2010b). The likely candidates to act as local dust sourcegnetastable compounds that may be still in the solution im-
are the widespread high-elevation ice-free areas of Northermnediately after melting (Sala et al., 2008). The analyses of
Victoria Land (Delmonte et al., 2010b). dust concentration (number and volume) and size were per-

In this work, we present and analyze a higher resolutionformed at the University of Milano-Bicocca using a Beck-
dust record, and in light of previous works (Delmonte et al., man Coulter-Multisizer 3 Coulter Counté@, with three
2010a, b), we carry out a closer inspection of dust flux andreplicate measurements for each sample. The size range of
grain size variability with respect to the TALDICE stable wa- the measurements was 1-30 um. Mass concentration was
ter isotopes{*80) profile, and compare this profile to EDC, calculated assuming a 2.5 gchof particle density (e.g.
which is assumed to be representative of CEAP sites. In thifetit et al., 1999). The dust concentration profile was then

ICA
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compared for inter-laboratory calibration with measurements
from the LGGE in Grenoble (Delmonte et al., 2010b). We 1 a
compared our set of samples against a set of 150 blanks, ir
terms of number concentration by applying a 1-tailed t-test
(« =0.05). The results for the 1-5 um and the 5-10 pm range
indicate that 100 % and-95 % of the samples were signif-

icantly higher than the blanks, with an average signal-to-
noise ratio of 40 and 15, respectively. We then calculated the
measurement uncertainties, defined as the ratio between th
standard deviation of the mean and the mean from the three
replicates, and expressed them as percentages. The 90th pe
centile of uncertainties is 5% and 10 % for the 1-5um and | 5 r 1
the 5-10 um range, respectively. A fine particles percentage
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(FPP) metric was used to describe dust size distributions, fol- = e b
lowing Delmonte et al. (2004). The age profiles were based a J *“ | ‘
on the TALDICE-1 timescale (chronological uncertainties: & = - W\MN ._ﬂ’ i
+300yr from 8to 15 kyr BRE500 yr back to 17.5 kyr and up & JJ“* IJ . ‘
to £1500yr during the Last Glacial Maximum, LGM) (Bu- -E @ | '
iron et al., 2011). Dust depositional fluxes were calculatedas & V |
dust concentration (mg dust per kg of ice/firn), multiplied by E - l ‘
the ice/snow accumulation rate (kg#yr—1) from Buiron g e |
etal. (2011). G i
U = ! |: |.
el | T T T
3 The TALDICE dust profile: main features ' . 3 W

) Particle diameter (pm)
Typical examples of dust measurements from the TALDICE

ice core are shown in Fig. 2. Generally speaking, the mas‘Ii—ig. 2. Examples of dust size distributions from TALDICE ice core

(volume) size distributions of dUSt.In the TALDICE _sample; samples(a) Late Holocene sample at 210.25 m defth) Glacial
(<5 um size range) are characterized by a poor size sortlng.amme at 802.00 m depth.

during the current interglacial period (Fig. 2a), but shaped as
log-normal distributions with a variable modal value around

2 um during the LGM (Fig. 2b). In addition, particles in the _— . .
WM CLIrng (Fig. 2b) 10N, Parucies | (see the definition of flux in Sect. 2). Here, this is not the

5-10 um range are present in significant amounts in our sam ) ;
ples, in contrast with CEAP sites, where they are virtually case (_CT' Fig. 3b and C)'_ Flux, which repres_ents the absplute
absent (Delmonte et al., 2004). These findings confirm thed(?'pOSItlon rgte at .the S't? and alloyvs for direct comparison
preliminary results from Delmonte et al. (2010b) for Talos Wlth othgr sites, will be discussed instead of the concentra-
Dome. Similarly, the presence of particles larger than 5 umt'on profile throughout the rest of the paper.
of possible local origin has been observed on Berkner Is- Both the 5-10 pm dust flux profile (Fig. 3d) and the finer
land, in the Weddell Sea sector of Antarctica, in opposition tofraction (1-5um) clearly show the main climate transitions,
the more inland and high elevation site of EPICA Dronning a@lthough the magnitude of the variation of the coarse frac-
Maud Land (Bory et al., 2010). tion is characterized by only minor changes on the glacial-
The main features of the TALDICE dust profile are shown interglacial time scale. The 5-10 um size fraction accounts
in Fig. 3, together with thé180 profile (Fig. 3a), a proxy for ~8 % of the total mass in the 1-10 um range during the
of local temperature at the Talos Dome site (Stenni et al.LGM, and~21-25% in the Holocene, on average.
2011). Both the dust mass concentration (Fig. 3b) and Following Delmonte et al. (2004) we plotted the FPP pa-
the depositional flux profiles (Fig. 3c) (1-5pum size range)rameter (Fig. 3e), which shows a larger relative abundance
show large variability associated with glacial-interglacial of finer particles during the LGM compared to the Holocene.
changes, confirming the preliminary results from DelmonteThis pattern is qualitatively similar to that of EDC (Delmonte
et al. (2010b). Dust concentration measurements were conet al., 2004; Lambert et al., 2008), but a direct comparison
pared with the set of samples analyzed in Grenoble (Delis complicated by the presence of dust from local sources
monte et al., 2010b), which show a similar pattern and ab-n TALDICE (Delmonte et al., 2010b). While for the 5—
solute values (Fig. 3b). Comparison of concentration andlO pm size fraction we may assume that all of the dust is
flux profile trends provides a mechanism to check whetherfrom local sources (Delmonte et al., 2010b), it seems rea-
changes in accumulation rates are the sole controlling factosonable to consider dust in the 1-5 um fraction as a mixture
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Fig. 3. TALDICE records :(a) s180 %o V-SMOW (Stenni et al., 2011) plotted on a reversed gkisdust concentration (ppb) in the [1-5] pm

size range (grey line: Milano; red dots: Grenoble; Delmonte et al., 20{€just flux (mg T2 yr—l) in the [1-5] um size range (purple

line); (d) dust flux (mg nT2 yr‘l) in the [5—10] um size range (green ling) FPP (%), defined as the [1-2]/[1-5] um ratio (Delmonte et al.,
2004);(f) ratio between the mass (volume) of particles in the 1-5 um and 5-10 um size intervals. Thin lines represent the original data, and
superimposed thick lines mark the smoothed profiles (negative exponential with sampling proportion 0.1). The vertical dashed lines mark
the AIMO and AIM1 events. The arrow ifib) marks the Holocene dust maximum. Background yellow bands highlight features of the dust
record described in the text: the Holocene decreasing trend (left) and the ACR (right).

of particles from both local and remote sources, with un-is a minor contribution that does not alter significantly the
known relative proportions, in principle. In addition, some absolute values and the interpretations of our records (which
recent analyses (Delmonte et al., 2012) by SEM-EDS ondo not include visible tephra layers), this obviously limits the
TALDICE Holocene dust samples show ubiquitous pres-possibility to use the Sr and Nd isotopic fingerprint of “bulk”
ence of volcanic material mixed with dust, even in the very dust extracted from the samples. Complementary to FPP, we
low-concentrated background samples. Narcisi et al. (2010use the [1-5 um]/[5—-10 um] size metric, which also shows
pointed out the presence of 16 visible tephra layers of “local”’a larger relative abundance of finer particles in the LGM-
origin (Antarctica) during the Holocene in the TALDICE Holocene comparison (Fig. 3f).

record. While in terms of the insoluble particles flux this

Clim. Past, 8, 741-750, 2012 www.clim-past.net/8/741/2012/
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A closer inspection of the dust profiles (1-5um) re- - _ 44
veals that after the LGM, during the first stage of the Holocene 2| AR |2 M

| |

[
deglaciation, which started almost synchronously all over | I L 40
Antarctica at 18.2£0.7 kyr BP (Termination 1) (Stenni et L~ * s
al., 2011) (Fig. 4a, c), the TALDICE dust flux (Fig. 4b) { L -36

|

|

shows a drop in its absolute values with a decreasing trend 10 1
at a rate of 2.2mgmfyr—1 per kyr until the onset of the
Antarctic Cold Reversal (ACR). Two events known as the |
Antarctic Isotope Maxima (AIM1: 14.Z0.3kyrBP and /V_,__,-\,/r -
AIMO: 11.940.1kyr BP) (Stenni et al., 2011) bracket the ik ’

| t
ACR temperature reversal. After reaching a relative min- 0.1 ] :2
imum at AIM1, which can be identified despite the high | * |ls
scatter of the data, the TALDICE dust flux (Fig. 4b) in- I |—ebc |50

Lo |=
creases synchronously with th#80 decline during the S SR N Soicll|
ACR (Fig. 4a). After a relative maximum in dust flux, 2 4 6 8 10 12 14 16 18 20 22
the timing of the declining dust trend from 13t40.4 BP Age (kyrs BP)

a.nd the folllgwmg minimum (13.'& 0.4kyr BP) lead respec- Fig. 4. Comparison of TALDICE and EDC dust fluxes (1-5um)
tively the§-°O ACR/AIMO transition (12.7-0.4) and AIMO 18 . 18 :

. ands—°0 profiles.(a) TALDICE §-°O %o V-SMOW (Stenni et al.,
_(11'9:|: 0.1 "Yr BP) (Stenni et "’,II" 2011) The early Holocene 2011) plotted on a reversed ax{g) Age profiles of EDC flux (light
is characterized by large variability in the dust flux at Ta- pjye jine) and TALDICE flux (orange line). Superimposed thick
los Dome, with a maximum deposition &9 kyr BP. HOw- jines are the smoothed profiles of EDC (dark blue) and TALDICE
ever, neither the dust flux (Fig. 4b), nor tB¥0 (Fig. 4a)  (red), respectivelyic) EDC 5180 %, V-SMOW (Stenni et al., 2010)
show linear trends. The main feature of the record duringplotted on a reversed axis. EDC dust (Delmonte et al., 2005) and
mid-Holocene is a clear declining trend in dust flux from 5§80 (Stennietal., 2010) data are plotted using the new age scale by
~8 kyr BP, which persists during the late Holocene, at least-emieux-Dudon et al. (2010). Thin lines represent the original data,
for the period spanned by our data (Fig. 4b). This featureand superimpgsed thic!< lines mar!( the smoothed profiles (negative
appears to occur in parallel with an increasing trensftfio ~ €xponential with sampling proportion 0.05).
(Fig. 4a).

a) TALDICE 5180
(%o SMOW)

L -34

2 -
yr

b) Dust flux
)

(mgm

¢)EDC 5'%0
(%o SMOW)

TALDICE when the Early and the Late Holocene are consid-
ered, respectively. This should not be surprising, considering
the fact that local sources contribute dust to TALDICE, but
not to EDC (Delmonte et al., 2010b). Thus, the temporal
variability of the contributions from local and remote dust

4 Discussion

The starting point of our discussion is the contribution of
dust from both remote and local sources to TALDICE. First, : . .
sources at Talos Dome may explain the differences in mag-

. . 18 . .
we W'” examine the TALDIC.E dus{r O relationship and nitude and temporal patterns, with respect to the EDC dust
its time evolution in comparison with EDC (and by exten- flux, which is derived exclusively from remote sources (Del-
sion the CEAP), assumed to represent the remote dust end-"" y

: . . monte et al., 2008) and can be considered representative of
member, and we will try to isolate the two superposed signals

. - . dust deposition from remote sources on glacial-interglacial
of remote and proximal dust deposition (Sect. 4.1). Finally, .. .
. ) . o . time scales for a broad area (Lambert et al., 2008; Mahowald
we will explore the relationship between the variations in the tal., 2010)
remote and local dust inputs to Talos Dome and climate ancﬁa ' . : N
: While the dust isotopic composition indicates Southern
atmospheric changes (Sect. 4.2). . : ) .
South America as the primary dust source during glacial pe-
riods for both EDC and TALDICE (Delmonte et al., 2010a),
a possible contribution of Australia as a secondary, but sig-
nificant dust source to the Talos Dome area — more than for
the CEAP — is suggested by climate models, although those
do not account for Antarctic sources (Li et al., 2008; Al-
bani et al., 2011). Given the predominant contribution of
local dust to the geochemical fingerprint of TALDICE, it is

4.1 Comparing TALDICE and Central East
Antarctic Plateau

We can directly compare the time evolution of the dust flux at
Talos Dome (1-5 pm) with EDC (and the CEAP) (Fig. 4b),
and examine this in conjunction with the temperature his-

tory of both sites, as depicted by th&0 profiles (Fig. 4a not possible to directly test this hypothesis (Delmonte et al.,

and.c_:, respectively). BOth.S't?S show a dgcrease in dust dE\2_010b), nor to assess if time-varying relative contributions
position fluxes on the glacial-interglacial time scale, but the

absolute values (Table 1) — and the amplitude of these varifrom remote sources d””T‘_g the Holocene differentiate EDC
. . ) .~ ._and TALDICE dust deposition.
ations — are different: the LGM to Holocene flux ratio is

~22 for EDC and in general for CEAP, but4 to ~10 for

www.clim-past.net/8/741/2012/ Clim. Past, 8, 741-750, 2012
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and its apparent inverse correlation with #0 pattern
(Fig. 4a) after 13 kyr BP through the Holocene. At EDC, on
the other hand, while the dust flux shows a quick recovery af-
ter the pre-Holocene dust minimum and then is characterized
by a slight long-term Holocene decreasing trend (Delmonte

Table 1. Average dust deposition flux (mgmyr—1) for
TALDICE (this work) and EDC (Delmonte et al., 2004) in three
different sub-periods of the temporal window analysed in the text.

Period ﬂUXT'(A‘lL_ZISrE) EDC flux et al., 2005) (Table 1), it does not seem to mimic the oscil-

lations shown by thé80 pattern. The EDG80 pattern
Late Holocene (2-5kyr BP) 0.70 0.33 s characterized by an early Holocene “optimum” with high
Early Holocene (8-11.7kyr BP) 1.84 047 yalues, followed by a relative minimum and then by a slight
LGM (1823 kyr BP) 7.24 9.49

increase through the mid-Holocene (Fig. 4c). Overall, while
both EDC and TALDICE dust show a declining trend during
the mid/late Holocene, it is rather difficult to establish (based
During the LGM, the dust flux is apparently lower at on our present data) if any closer correlation could be iden-
TALDICE compared to EDC. At this time, dust at Talos tified, mainly because of the data resolution and the lack of
Dome is thought to be derived mainly from remote areasknowledge on the proportions of all the possible contribu-
(Delmonte et al., 2010a). This apparent difference in thetions of local and remote dust to Talos Dome.
magnitude of the erosition at the two sites, a.t a ti|_'ne whgn As a summary, during cold periods, when dust input from
they are characterized by a common geochemical fingerprinta e sources is large and a climate coupling between the

(pelmonte etal., 2010a), may be e>'<pl.ained either by (1) amid—to—high southern latitudes exists (Petit et al., 1999; Lam-
bias in TALDICE data related to the limited number of sam- bert et al., 2008; Albani et al., 2011), e.g. the end of the LGM
ples analyzed so far for the glacial period, compared 10 the, 4 ACR| the patterns of dust deposition between TALDICE
large variability of the data during LGM, and/or (2) arela- 54 epc are more similar than for periods characterized by
tive dating error between the two sites for this time interval, lower remote dust input, such as the end of the deglaciation

influencing accgmulation rates and dust fluxes, and/or (3) %nd the Holocene. In addition, while the dé$BO relation
real difference in dust flux from remote areas related t0 ge-;; Epc seems to be closer on the glacial-interglacial time

ographic position and atmospheric circulation. We will not scale than within the Holocene, at TALDICE the Holocene
discuss this further as this does not affect our interpretation§im”amy in dust and180 patterns is quite clear

and is beyond the scope of this paper.

During Termination | (18.2- 0.7 kyr BP) both TALDICE o ] ] )
and EDC dust flux records show a decreasing trend, similaf-2 Linking TALDICE dust profile with climate and
atmospheric changes

both in terms of magnitude and rate of decrease (Fig. 4b),
at the time of the drop in dust advection from remote
sources (Delmonte et al., 2010a). Aftefl6 kyr BP the dust  Understanding the factors controlling the variability of dust
flux magnitudes and patterns clearly diverge, whereas th@dvection from local sources to Talos Dome is necessary in
8180 patterns at TALDICE and EDC coherently evolve until order to explain the whole TALDICE dust signal, as is the
~12.5-12.7 kyr BP (the different absolute values®O re-  extent to which the regional atmospheric circulation modu-
flect the different temperatures at the two sites) (Stenni et al.lates the variability of dust advection to Talos Dome. Work
2011). An apparent re-alignment of dust flux patterns occuron water stable isotopes has shown how, when superim-
in correspondence with the onset of the ACR (Fig. 4b). Theposed on variations in climate change patterns, differences in
8180 profiles occur in parallel with the onset and termination §180 profiles among Antarctic ice cores can be understood
of the ACR at TALDICE and EDC (Fig. 4a, c¢). While the if site-specific properties are considered (Stenni et al., 2011,
EDC dust flux ands80 follow the same pattern, dust de- Masson-Delmotte et al., 2011). During the Holocene, the
position at Talos Dome has different features: aftd3.5—  dust ands'®0 profiles at EDC do not vary proportionally,
13.7 kyr BP the two profiles are definitively different, with an which is likely to be an expression of the remote nature of
early relative dust minimum at TALDICE around 13 kyr BP, dust reaching the site, and indicative of changed conditions
which is absent in central Antarctica. In addition, there is at the dust source areas and/or in the mid-to-high latitudes
no evidence for the so-called “pre-Holocene dust minimum” atmospheric connection (Lambert et al., 2008). The closer
(11.3-12.1 kyr BP), which has been found in different ice connection of dust an#f80 main trends at Talos Dome high-
cores from central Antarctica, and was used for stratigraphidights the likely influence that local/regional changes had on
correlations (Delmonte et al., 2004). This difference may bethe proximal dust contribution to the site. The main source of
explained by the presence of local dust deposition at Taloshe differences between EDC and TALDIGEEO profile can
Dome, which probably masks a feature that can be relatedbe related to the retreat of the Ross Ice Sheet (the grounded
to the remote dust input based on our knowledge of the proRoss Ice Shelf during the glacial period; Stenni et al., 2011).
cesses at EDC (Delmonte et al., 2004; Lambert et al., 2008)In the following we explore the possible drivers of variability
We have already described the TALDICE dust flux (Fig. 4b) in local dust sources and transport to the Talos Dome site.
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Potential proximal sources of dust for TALDICE include  While comparing the TALDICE and EDC dust flux in the
regoliths and Pleistocene glacial drifts located at high alti-1-5 um size range (Fig. 4b) provides an appreciation of the
tude in the Victoria Land. While some of these sources areadditional contribution of local sources at Talos Dome, it is
known to have been active well beyond the Holocene and theasier to evaluate the variability of local dust if we also con-
LGM, some glacial sediments such as younger drifts becamsider the 5-10 pm size range (Fig. 3d), which we assume as
available during the last climatic cycle, and retreat morainederived entirely from proximal sources. Dust flux in both
locally deposited during the deglaciation could have con-size ranges shows variations in correspondence with Termi-
tributed dust after glacial maxima (Delmonte et al., 2010bnation | and the ACR. Yet, the very limited changes of dust
and references therein). In the Talos Dome regional setflux in the 5-10 um fraction (Fig. 3d) suggest that advec-
ting, the deglaciation (i.e. thinning of the grounded Rosstion from Antarctic sources varied only slightly in relation
Ice Sheet and retreat of its grounding line) started abouto the major climate changes on the glacial-interglacial time
14 kyr BP at the Ross Ice Sheet margin, became widespreascale. This is not the case for particle flux in the 1-5um
about 12kyrBP, and was completed by about 8kyr BP atrange (Fig. 3c), which includes a contribution from both re-
Terra Nova Bay (Baroni and Hall, 2004; Baroni et al., 2005). mote and proximal sources. It is interesting to note that the
Afterwards, changes in the extension of the floating Ross Iceelative dust minimum in TALDICE dust flux, at13 kyr BP,
Shelf and sea ice continued throughout the Holocene (Halljs evident in both size fractions (Fig. 3c, d). After this mini-
2009). mum, the dust flux in both size fractions increases again and

Dust transported from remote sources generally reacheshows large variability around relatively high values until 8—
Antarctica through medium/high tropospheric pathways (Li 9 kyr BP, when it starts to decline. The higher absolute values
et al., 2008; Krinner et al., 2010; Albani et al., 2011), al- of the 5-10 um fraction flux in the early Holocene compared
though transport mechanisms acting in a competitive wayto the relative minima at AIM1 and 13 kyr BP suggest that
may be responsible for differences in coastal areas comparetthe variable dust flux pattern between 13 and 9 kyr BP could
to high-elevation inland sites (Delmonte et al., 2004; Krin- be related to the initial retreat of the Ross Ice Sheet (Fig. 1) in
ner et al., 2010; Bory et al., 2010). On the other hand, beresponse to the deglaciation (Mackintosh et al., 2011). The
cause Talos Dome is located inland with respect to the iceassociated formation of retreat moraine deposits made then
free source areas (Fig. 1), advection of air masses from thavailable new potential dust sources, in addition to those al-
ocean is a necessary condition for the transport of local dusteady active during the glacial period. This hypothesis par-
to the site. Presently, the Ross Sea sector around Terra Novally relies on the assumption that the reduction in the long-
Bay is one of the most active areas of mesoscale cyclogenderm local dust flux after Termination | is related to a weaken-
sis along the Antarctic coasts, particularly in the form of dry ing of local transport frequency/intensity. Similarly, we can
cyclogenesis, which near the Transantarctic Mountains camxplain the pronounced Holocene decreasing dust trend start-
set up conditions for the development of barrier winds, gen-ing around 8 kyr BP, observed in both size fractions (Fig. 3c,
erated by low-level blocking of air masses by the steep oro-d) by considering two hypotheses: (1) the presence of local
graphic barrier represented by the Transantarctic Mountainslust sources that underwent exhaustion during the Holocene
(Carrasco et al., 2003). Some sectors of the East Antarctior (2) changes in the atmospheric dust transport.

Ice Sheet facing the Southern Ocean receive moisture-laden Based upon the hypothesis of an exhausting or reduced lo-
air masses, leading to snowfall mainly during the winter from cal source (formation of desert pavement on retreat moraine),
western pathways, while Victoria Land is highly affected a synchronous change in the dust grain size distribution, with
by the peculiar conditions in the Ross Sea, with additionalan increasing 1-5 um/5-10 um ratio would be expected as a
eastern pathways during summer moving inland from theconsequence of the weakening of the local source(s). This
Ross Sea (Scarchilli et al., 2011). We can thus consider thés not supported by the data, as the 1-5um/5-10 um ratio
TALDICE 580 profile, intrinsically related to precipitation (Fig. 3f) is variable, but rather constant after the deglaciation.
events (Stenni et al., 2011), as a proxy of atmospheric path- If we invoke changes in the transport of dust from local
ways favourable for dust transport to Talos Dome from localsources to Talos Dome to explain the Holocene decreasing
sources; precipitation events do fulfil the necessary conditiortrend in dust deposition, we should consider either (1) re-
of being associated with airflow directed towards the interiorduced frequency and/or intensity of maritime air mass ad-
of the continent, which in our conceptual model blows dustvection related to the hypothetical long-term increase of kata-
from the ice-free areas to Talos Dome. One possible limi-batic winds, or (2) a long-term shift of the preferred trajec-
tation of this approach is that snow precipitation events maytories of air masses on a climatological timescale, so that the
represent just one of the possible mechanisms responsible f@otential source areas are subject to wind deflation to a lesser
local dust deposition at TALDICE, because dry deposition ofextent. Both hypotheses do not contradict the constraints
dust may also occur. At present, no information is availableposed by the observed dust size distributions, and they are
on the relative proportions of dry and wet deposition of dustnot mutually exclusive. Nonetheless, there is evidence point-
at Talos Dome. ing to a possible change in atmospheric pathways during the

middle and late Holocene.
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During the last glacial period, the presence of the Ross Icé&s  Conclusions
Sheet affected the atmospheric circulation at a regional level
i.e. among the air masses trajectories that today bring moisThe new dust record from the TALDICE ice core reflects
ture to the Talos Dome site, those passing through the Rosgoth large-scale dust changes on glacial/interglacial time
Sea were then largely suppressed (Stenni et al., 2011). Aftegcales and a regional signal, emerging when dust advection
the deglaciation, when most of the regional ice loss happenefifom remote sources was extremely low. Dust deposition at
with the retreat and floating of the Ross Ice Sheet (Mackin-Talos Dome reflects the major climate changes occurring on
tosh et al., 2011), the opening of the Ross Sea embaymer& hemispheric scale during the last climatic transition, as sug-
~8kyr BP marked the beginning of a new phase of retreat ofgested by the first-order variability of dust in the 1-5 pm size
the Ross Ice Shelf (Conway et al., 1999). The process contange between 2 and 23 kyr BP. However, the contribution
tinued (Baroni and Orombelli, 1991; Baroni and Hall, 2004), from local dust sources makes Talos Dome sensitive to re-
albeit with temporal and spatial variability (Hall et al., 2006), gional atmospheric circulation changes, in particular, during
throughout the Holocene before a neoglacial re-advance dutwarm climate periods, such as the end of Termination | and
ing the last millennium (Hall, 2009). These events can indeedhe Holocene.
cause a consequent modification of the regional atmospheric The relatively high and variable dust deposition at Talos
circulation patterns’ and the Opening of the Ross Sea emDome during the last stages of the deglaciation and the early
bayment appears to be coeval with the Holocene decreasiniolocene may reflect the enhanced availability of dust orig-
trend in dust flux at Talos Dome, evident in both the 1-5 uminating from proximal sources, i.e. from glacial drift left be-
and the 5-10 ym size fractions. The TALDIGEBO pro- hind from retreating glaciers during the initial phase of the
file (Fig. 4a) records such variations: the weaker amplituderetreat of the Ross Ice Sheet between 13 and 9 kyr BP. Af-
of AIMO compared with other East Antarctic Plateau sites terwards, we suggest that the decreasing trend in dust de-
(e.g. Fig. 4a) indicates longer and cooler distillation path-position from 8 kyr BP may be related to less favourable at-
ways, compared to more direct trajectories from the Southerfnospheric transport from proximal dust sources, linked to
Ocean, which could occur by transit over the Ross Sea aftefhe changes in atmospheric circulation, in response to the
the Ross Ice Sheet retreat (Stenni et al., 2011). In additionprogressive opening of the Ross Sea embayment. Thus, we
the TALDICE 5180 profile (Fig. 3a) actually shows an in- found a possible link between the deglaciation history of the
creasing trend during the Holocene starting fro®kyr BP Ross Sea and the mesoscale atmospheric circulation, which
(Stenni et al., 2011; Masson-Delmotte et al., 2011), a signamodulates the local dust flux at Talos Dome. Future exten-
that would be coherent with the progressively reduced icesion of the TALDICE dust record to the last millennium will
cover in the Ross Sea embayment related to the retreat of th@llow verification of the response of dust to the neo-glacial
Ross Ice Shelf (Hall, 2009). re-advance in the Ross Sea (Hall, 2009). In addition, future

In this scenario, it appears that the change in the distribucomparisons with other proxies such as marine aerosols and
tion of air masses trajectories — with those through the Rosgegional atmospheric modelling would help to further under-
Sea becoming relatively more frequent — is less favourablestand the atmospheric variability at the site.
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