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Monsoonal circulation of the McMurdo Dry Valleys,
Ross Sea region, Antarctica: signal from the snow chemistry

Nancy A.N. BERTLER,1 Paul A. MAYEWSKI,2 Peter J. BARRETT,1 Sharon B. SNEED,2

Michael J. HANDLEY,2 Karl J. KREUTZ2

1Antarctic Research Centre, Victoria University of Wellington, P.O. Box 600, Wellington, New Zealand
E-mail: nancy.bertler@VUW.ac.nz

2Climate Change Institute, University of Maine, 5790 Edward T. Bryand Global Science Center, Orono, ME 04469, USA

ABSTRACT. McMurdo Dry Valleys (MDV; Ross Sea region, Antarctica) precipitation exhibits extreme
seasonality in ion concentration, 3–5 orders of magnitude between summer and winter precipitation. To
identify aerosol sources and investigate causes for the observed amplitude in concentration variability,
four snow pits were sampled along a coast–Polar Plateau transect across the MDV. The elevation of the
sites ranges from 50 to 2400m and the distance from the coast from 8 to 93 km. Average chemistry
gradients along the transect indicate that most species have either a predominant marine or terrestrial
source in the MDV. Empirical orthogonal function analysis on the snow-chemistry time series shows that
at least 57% of aerosol deposition occurs concurrently. A conceptual climate model, based on
meteorological observations, is used to explain the strong seasonality in the MDV. Our results suggest
that radiative forcing of the ice-free valleys creates a surface low-pressure cell during summer which
promotes air-mass flow from the Ross Sea. The associated precipitating air mass is relatively warm,
humid and contains a high concentration of aerosols. During winter, the MDV are dominated by air
masses draining off the East Antarctic ice sheet, that are characterized by cold, dry and low
concentrations of aerosols. The strong differences between these two air-mass sources create in the
MDV a polar version of the monsoonal flow, with humid, warm summers and dry, cold winters.

INTRODUCTION
The McMurdo Dry Valleys (MDV) are impacted by circula-
tion from three regions: the relatively warm, humid Ross
Sea; the cold, dry East Antarctic ice sheet; and the low-
elevation Ross Ice Shelf system made up of climate systems
over West and East Antarctica. The Transantarctic Mountains
are a natural barrier for weather systems, and their steep
elevation gradient enhances the climatic contrasts in the
MDV. A shift in the relative contribution from any of the
three adjacent climate systems will result in significant
changes of the MDV climate, potentially amplifying regional
climate change at local scales. Ice cores from the MDV can
therefore provide a record of climate variations that may not
be detectable in cores from the Polar Plateau.

To reconstruct past climate from glaciochemical data, it is
necessary to understand site-specific factors controlling
chemical species deposition and preservation. Previous
studies of spatial variability in snow chemistry have been
used to explore aerosol sources and transport mechanisms,
the influence of elevation, annual accumulation and
distance to the sea (Mulvaney and Wolff, 1994; Wagenbach
and others, 1998; Wolff and others, 1998a, b; Kreutz and
Mayewski, 1999; Kreutz and others, 1999). Four snow pits
across the MDV were sampled and analyzed to investigate
glaciochemical characteristics of the MDV to enhance the
interpretation of ice-core records from individual MDV sites.

METHODS
The sampling surface of the snowpack was cleaned with a
pre-cleaned plastic spade, and subsequently with a scalpel,
at least 20 cm horizontally into the snow profile, to pre-
vent sampling of contaminated snow. All tools, sampling

equipment and bottles were rinsed and soaked with ultra-
pure 18MO Millipore1 water and dried in a class 100
facility prior to fieldwork. Samples were collected in high-
density polyethylene (HDPE) trays and poured into HDPE
Nalgene1 60mL sample bottles. Tyvek1 clean suits and
dust-free polyethylene gloves were worn to prevent sample
contamination by personnel. Sample bottles were stored in
the snow at temperatures at least below –188C.

Major-ion concentrations were measured for cations (Na,
K, Mg, Ca, NH4) using a DionexTM ion chromatograph with
Dionex CS12 column and 20mM methanesulfonic acid
eluent. Anion concentrations (Cl, NO3, SO4) were measured
with a Dionex AS11 column, 6.0mMNaOH eluent. For both
measurements a 0.25mL sample loop was used. Methylsul-
fonate (MS) content wasmeasuredwith Dionex AS11 column
with 0.1mM NaOH eluent and a 1.60mL sample loop.

Samples were analyzed for Al, Ca, Cu, Fe, K, Mg, Mn, Na,
P, S, Si, Sr and Zn using a Perkin-Elmer Optima 3000 XL axial
inductively coupled plasma optical emission spectroscopy
with a CETAC Technologies ultrasonic nebulizer (ICP-OES-
USN). Rubidium was used as an internal standard for
sodium, yttrium for all other elements. External quality-
control samples were run every ten samples. Reproducibility
for most species is within <±5% (n =130), with the exception
of Fe and Mg, which is within <±10% (n =130). 18MO
Millipore1 water blanks were processed along with samples
to analyze background levels and potential contamination
during sample processing. Results were close to the
detection limits and showed no significant contamination.

Oxygen isotope ratios (d18O) were measured using a CO2

dual-inlet system coupled to a Micromass1 Isoprime mass
spectrometer. Sample duplicates and standard measure-
ments showed a precision of ±0.08%.
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AEROSOL SOURCES FOR MDV PRECIPITATION
Most ion species have multiple sources, and hence,
depending on sampling location and season, their relative
contribution varies. In the MDV, all major-ion species

potentially contain a significant marine (Ross Sea) and
terrestrial source (local dust from the MDV). The snow
profiles in this study were sampled along a transect from the
coast to the Polar Plateau, to yield results intended to be
representative of the relative importance of marine vs
terrestrial input.

The locations of the four snow pits are shown in Figure 1:
(1) Wilson Piedmont Glacier (WPG); (2) Victoria Lower
Glacier (VLG); (3) Baldwin Valley Glacier (BVG); and
(4) Polar Plateau near Shapeless Mountain (PP). With the
exception of the PP study site, all sites are situated on locally
accumulating glaciers that are not part of the East Antarctic
ice sheet (EAIS). The sites vary in elevation and distance from
the coast, ranging from 50 to 2400ma.s.l. and 8 to 93 km,
respectively (Table 1). The snow profiles are 1.8–4.2m deep
and provide a climate record for the last 15–42 years.

WPG is a low-elevation site (50ma.s.l.) and is situated
only 7.5 km from the coast. Because of its proximity to the
coast, WPG serves as a reference site for lower-tropospheric
marine aerosol input. The VLG site is on an ice divide at
626ma.s.l. and feeds into WPG. It is situated between the
dust-rich MDV and the seasonally open Ross Sea and is
assumed to be influenced by both marine and terrestrial
aerosol sources. BVG is a small valley glacier feeding into
VLG. The sampling location is at 1150ma.s.l. and is
surrounded by ice-free mountain peaks. As a consequence,
dust input to BVG is potentially high and the site serves as a
reference for terrestrial (MDV dust) aerosol input. Snow
samples from PP, 20 km northwest of Shapeless Mountain at
2400ma.s.l., are studied to quantify aerosol input from
distant sources that are independent of the MDV.

Average concentrations of chemical species at the four
study sites are shown in Table 1. Not all ions were measured
at all sites. Only those chemical species which were

Fig. 1. Map of the McMurdo Dry Valleys (MDV) and vicinity.
Victoria Lower Glacier (VLG) is part of Wilson Piedmont Glacier
(WPG) and lies between the Ross Sea, the MDV and the EAIS. WLG
= Wright Lower Glacier. A–A0 represents approximate location of
schematic transect shown in Figure 4. Left inset: study sites in the
MDV: (1) Wilson Piedmont Glacier; (2) Victoria Lower Glacier;
(3) Baldwin Valley Glacier; (4) Polar Plateau, 5 km to the east from
where indicated (source: United States Geological Survey satellite
imagery). Right inset: location in Antarctica.

Table 1. Overview of elevation, continentality, annual accumulation, and contaminant concentration at the study sites: Wilson Piedmont
Glacier (WPG), Victoria Lower Glacier (VLG), Baldwin Valley Glacier (BVG) and Polar Plateau (PP)

Site (influence)

WPG VLG BVG PP
(marine) (marine and terr.) (terrestrial) (background)

Elevation (m) 50 626 1150 2400
Distance to coast (km) 7.5 22.5 30.0 92.5
Pit depth (m) 2.8 4.1 4.2 1.8
Record length (years) 15 35 42 20

Ø� � Ø�� Ø�� Ø�� Type

Snow acc.* (g cm–3a–1) 4.5� 1.8 3.3�1.3 2.7�1.1
Na (mg L–1) 1698.4� 1511.1 889.4�874.6 166.2�106.5 45�14 marine
Mg (mg L–1) 198.3� 196.0 126.3�122.5 16.9�11.3 6� 1.8 marine
SO4 (mg L–1) 545.5� 418.3 502.8�280.0 263.6�155.9 129� 26 marine
MS (mg L–1) 29.5� 27.4 29.1�24.6 17.9�18.1 marine
Sr (mg L–1) 1.7� 1.7 0.5�0.5 0.03�0.01 marine
Al (mg L–1) 1.4� 1.2 2.8�1.0 1.2�0.4 terrestrial
Fe (mg L–1) 1.0� 0.7 4.7�1.2 1.3�0.4 terrestrial
Si (mg L–1) 5.4� 2.9 6.1�4.3 1.6�0.6 both
Ca (mg L–1) 151.4� 148.1 345.0�300.6 84.2�85.7 8.2�2.4 both
K (mg L–1) 54.9� 69.6 57.8�44.2 6.7�5.6 3.8�0.8 both

Notes: The columns are arranged so that sites become progressively more continental and have increasing elevation to the right. Ion species are grouped
according to their ‘marine’ or ‘terrestrial’ gradients. Concentrations represent averages over the time period AD 1985–2000. (Ø ¼ arithmetic mean; � ¼ std dev.;
*snow accumulation rate).
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measured for at least three of the four snow pits are shown.
These include Al, Ca, Fe, K, Mg, Na, Si, SO4, Sr and MS.
Average concentrations are calculated over the time period
AD 1985–2000, the longest common dataset. A common
time period was chosen to avoid the effect of different
climate events occurring at different depths in the four snow
profiles.

Overall, major-ion concentrations at the four sites are
comparable to or higher than other coastal Antarctic snow
and ice samples (Mulvaney and Wolff, 1994; Kreutz and
Mayewski, 1999). In the MDV, Na, Mg, SO4, MS and Sr
have higher values near the coast and gradually lower
concentrations farther inland, suggestive of a predominantly
marine source (Table 1). MS is thought to have only a
marine source (Mulvaney and others, 1992) as verified by
the trend in the MDV data. Al, Fe and Si have an opposite
gradient (no data are available for VLG), with the highest
values at the dust-rich site (BVG) and lower values towards
the coast and the PP. Consequently, the dominant source for
Al, Fe and Si is likely MDV dust, consistent with a previous
study at Meserve Glacier, Wright Dry Valley (Mayewski and
Lyons, 1982). However, Si concentrations are too high at
WPG to consist primarily of sea-salt Si. Instead, Si at WPG
may originate partly from large diatom and algae plumes
that form in the seasonal sea-ice zone of the McMurdo
Sound during late summer (DiTullio and others, 2000). Ca
values are highest at VLG and lowest at the predominantly
marine (WPG) and terrestrial (BVG) sites. This suggests that
Ca concentration at VLG is cumulatively derived from
marine and terrestrial sources. K concentrations are slightly
higher at VLG than at WPG, but significantly lower at BVG
and PP, suggesting a dominant marine source, and
potentially an additional minor terrestrial source. Spatial
gradients in aerosol content indicate that while Na, Mg, MS,
SO4 and Sr have primarily a marine source, Al and Fe have a
terrestrial source over the 15 year average. Ca, K and Si have
possibly marine and terrestrial sources. Aerosol concen-
trations at the MDV sites (WPG, VLG and BVG) are
significantly higher than at the PP, suggesting that local
sources dominate MDV aerosol input.

SPECIES INPUT TIMING
Empirical orthogonal function (EOF) analysis is used to
statistically evaluate the covariance of variables in a
common dataset (von Storch and Zwiers, 2002). The derived
EOF axes are orthogonal to each other and hence are
statistically independent. In Table 2, EOF results of the
glaciochemical data variability in the four snow profiles are
shown. To assess the covariance at each site, all available
chemical measurements as well as annual accumulation and
oxygen isotope ratios are used. The snow pits were sampled
at 1 cm resolution, resulting in an average of ten samples per
year. All time series were resampled at seasonal resolution
(winter and summer). The first five EOFs are shown, but the
discussion focuses on EOF axes explaining >10% of the total
variance.

Wilson Piedmont Glacier
The first axis (EOF 1, Table 2a) captures 70% of the
variability of all species measured, with the exception of
snow accumulation, which dominates EOF 2 and is
correlated negatively to Al (29%). In EOF 3, 11% of the
total data variability is dominated by terrestrial species and

Table 2. EOF analysis on snow chemistry data measured for
(a) WPG, (b) VLG, (c) BVG and (d) PP

EOF 1 EOF 2 EOF 3 EOF 4 EOF 5 Type

(a) WPG Total var.

70.4% 11.7% 11.1% 3.4% 1.5%

Mg 89.1 1.6 �6.2 �0.0 0.2 marine
Na 87.0 2.9 �6.8 0.6 �1.0 marine
S 80.4 �5.2 �1.8 5.8 5.2 marine
Si 93.3 1.5 �3.4 �0.3 �0.0 marine
Al 45.3 �28.5 12.7 11.2 �1.1 crustal
Fe 67.8 �0.9 23.9 �3.5 �0.0 crustal
Si 67.7 �0.7 25.1 �4.6 �0.0 both
Ca 90.9 0.4 �0.7 �3.0 2.2 both
K 81.9 6.1 �6.1 0.1 �4.5 both

Ann. acc. 0.2 69.6 24.4 5.4 0.3

(b) VLG Total var.

58.8% 14.6% 10.0% 6.8% 5.6%

Cl 83.0 0.0 �0.9 �12.5 0.0 marine
Mg 88.1 �0.0 �0.1 �8.5 1.3 marine
MS �1.1 71.5 �0.0 �5.0 �20.7 marine
Na 90.9 �0.1 0.1 �6.2 1.2 marine
SO4 86.9 1.4 0.8 5.1 �0.4 marine
Ca 70.5 �0.2 6.2 13.3 �0.0 both
K 94.4 �0.0 0.6 �0.0 0.2 both
NO3 67.9 1.6 �0.0 11.7 �6.5
d18O �0.6 70.5 0.9 1.8 25.8

Ann. acc. �4.5 �0.6 90.6 �3.3 �0.2

(c) BVG Total var.

62.2% 15.3% 9.2% 8.0% 2.7%

Mg 81.2 14.1 �1.2 �0.0 �1.5 marine
MS 26.8 �6.3 �23.4 35.6 7.7 marine
Na 41.0 53.2 �3.6 �0.5 �0.0 marine
S 81.2 �5.4 �0.3 4.8 �4.9 marine
Sr 88.0 �5.7 0.9 1.5 �2.7 marine
Al 76.2 �2.6 �0.6 �10.8 4.2 crustal
Fe 72.6 �6.5 1.2 �12.5 1.4 crustal
Si 77.7 �8.4 4.7 �4.2 1.8 both
Ca 88.5 �4.0 1.1 1.8 �2.9 both
K 43.6 49.7 �2.2 �0.1 0.5 both

Ann. acc. 7.4 12.2 61.8 15.8 2.4

(d) PP Total var.

56.9% 13.6% 10.4% 5.3% 4.3%

Cl 59.8 �12.6 12.9 0.3 4.5 marine
Mg 75.0 �2.2 �19.5 �0.2 0.1 marine
Na 75.7 �3.6 �15.5 �0.1 1.6 marine
SO4 62.7 2.4 �16.0 0.1 �2.2 marine
Sr 75.1 �0.0 �5.5 �2.6 1.0 marine
Al 64.6 10.6 13.8 �0.3 �4.5 crustal
Fe 44.9 �5.0 25.9 8.2 4.7 crustal
Si 52.6 14.0 8.9 �1.4 �14.8 both
Ca 87.2 0.0 0.7 2.0 0.1 both
K 70.0 0.3 �0.5 5.6 �0.8 both
NH4 8.3 57.8 1.4 �13.6 16.6
NO3 �7.1 54.4 �4.6 28.9 1.3

Notes: Percentages in top row represent percentage of total variance
captured in the particular EOF axis. Numbers represent percentage
variability of the individual species captured in the particular EOF axis.
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correlates positively with annual accumulation (24%). The
EOF analysis of the WPG dataset suggests that most of the
aerosol species arrive concurrently (EOF 1) and are inde-
pendent of snow annual accumulation (EOF 2), with the
exception of 29% of the Al.

Victoria Lower Glacier
EOF 1 captures 58% of the total data variance (Table 2b) and
comprises all species measured, with the exception of MS,
d18O and snow accumulation. The concurrent deposition of
NO3 with the local aerosols in EOF 1 is interesting, as the
main source for nitrate is thought to be stratospheric (e.g.
polar stratospheric clouds and tropical lightning) (Legrand
and Delmas, 1986; Legrand and Kirchner, 1990). However,
Gravenhorst and others (1979) and Savoie and Prospero
(1982) describe a process by which stratospheric nitrate,
once it arrives in the troposphere over marine environments,
attaches to much larger sea-salt particles such as sodium.
This seems to be true for VLG since 68% of NO3 co-varies
with the remaining species. The second EOF is dominated
by MS (72%) and d18O (71%). The high covariance between
the two species is suggestive of a positive correlation
between temperatures (d18O values) in the MDV (Steig and
others, 2000) and marine productivity (MS) in the Ross Sea.
EOF 3 captures 90% of the snow annual accumulation and
is independent of any of the chemical species. As for WPG,
the VLG EOF analysis suggests that species deposition
occurs concurrently regardless of their sources, with the
possible exception of MS, and that all deposition is
independent of snow annual accumulation.

Baldwin Valley Glacier
At BVG, EOF 1 comprises 62% of the total data variability
(Table 2c), with limited contribution from MS and snow
annual accumulation. EOF 2 is dominated by Na and K,
indicating a second source or transport mechanism inde-
pendent of EOF 1. EOF 3 is dominated by snow accumu-
lation, which is negatively correlated to MS. Overall, the
EOF analysis of the BVG dataset suggests concurrent
precipitation of 62% of the chemical species. With the
exception of MS (23%), aerosol deposition occurs largely
independently of snow annual accumulation.

Polar Plateau, near Shapeless Mountain
EOF 1 comprises 57% of the total data variance and is
dominated by all species with the exception of NO3 and
NH4. Nitrate and ammonium dominate EOF 2, suggesting a
different source or independent precipitation mechanism.
The independence of NO3 from the remaining chemical
species stands in contrast to the NO3 co-variability as seen at
VLG. The aerosol input to PP is thought to be primarily
independent of the MDV and the Ross Sea, but dominated
by regional aerosol sources from the Antarctic interior. This
provides further evidence that at VLG NO3 may be
transported by local marine aerosols, which explains the
concurrent deposition at VLG. EOF 3 is dominated by
marine species (Na, Mg and SO4), which are anticorrelated
to terrestrial species (mainly Al and Fe) and Cl. The more
complex aerosol input to PP might reflect the influence of
East Antarctic aerosol deposition (e.g. winter maximum of
marine species) overprinted with MDV aerosol precipitation
(summer maximum of marine and terrestrial species).

THE AEROSOL INPUT MODEL
Snow chemistry data from the MDV are highly variable, and
spatially dependent on distance to the coast and the ice-free
valleys. Aerosol concentration is largely independent of
snow annual accumulation, indicating that aerosol concen-
tration data and not flux data are more suitable to investigate
the MDV glaciochemical records (Kreutz and others, 1999).
Species data at WPG, VLG, BVG and PP display high
covariance as shown in EOF 1 which captures 70%, 59%,
62% and 57% of the total variance contained in the
respective datasets.

The concurrent timing of maxima in aerosol concen-
tration in MDV snow suggests either post-depositional
modification (Aristarain and Delmas, 2002; Delmas and
others, 2003), or that aerosol deposition is similar in timing
regardless of their source. Post-depositional alteration is
dependent on annual accumulation, temperature gradient
and crystal structure, and its effect should be larger with
depth. The comparison between species variability in top
and bottom layers in the snow profiles therefore provides a
tool to assess the importance of post-depositional ion
mobility. Chemical species time series of the VLG snow pit
is shown in Figure 2. Axes are scaled logarithmically as
values vary up to 3–5 orders of magnitude. All chemistry
species peak concurrently in the top and bottom part of the
VLG snow profile within the sampling resolution of 1 cm
despite their age difference of 35 years. This is also the case
in the remaining three snow profiles (data not shown).
Therefore, post-depositional migration is thought to be of
minor importance or to occur only at scales <1 cm.

Fig. 2. Snowpack chemistry measurements for VLG. The 4.10m
deep snow profile was sampled with 1 cm resolution. Concen-
trations are in mg L–1, scales are logarithmic. Gridlines indicate
concurrent peaks at three sections in the snow profile. The
remaining gridlines are omitted for clarity. d18O ratios are expressed
in % Vienna Standard Mean Ocean Water (V-SMOW).
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Consequently, the concurrent timing of chemical species
variability is interpreted to reflect simultaneous input
regardless of the source. The most important sources of the
chemical species in MDV snow are marine (Na, Cl, Mg,
SO4, Sr, K, Ca, MS) and terrestrial (Al, Fe, Si, Ca, K). The
concurrent bulk aerosol input is unusual, as glaciochemical
studies elsewhere report a distinct seasonality for aerosol
species (Legrand and Mayewski, 1997). For example, sea-
salt Na concentration in snow is in general found to peak
during winter/spring months when atmospheric turbidity is
intensified (Legrand and Delmas, 1984), while MS peaks
have been associated with summer precipitation at coastal
Antarctic sites (e.g. Mulvaney and others, 1992). The snow
pits in this study were sampled at the beginning of the austral
summer (early to late October). Aerosol concentrations in
the top snow layer at all four sites are low, including MS.
Therefore, the surface snow layer is interpreted to represent
winter/spring precipitation. Furthermore, the large variabil-
ity in species concentration, over 3–5 orders of magnitude,
cannot be explained by intensified atmospheric turbidity
alone. Instead, we suggest a seasonal air-mass change model
to explain the data variability and concurrent species.

THE VICTORIA VALLEY SEASONALITY MODEL
Meteorological measurements at VLG during the 1999/2000
and 2000/01 austral summer field seasons show that Victoria
Valley exhibits a consistent diurnal wind regime. During the
warmer part of the day (1100–2300h) the prevailing wind
direction is east to southeast, coming from the Ross Sea, and
during the cooler hours (2300–1100h) the wind direction
exhibits secondary maxima in a westerly direction accom-
panied by an increase in wind speed (Hendrikx, 2001). The
westerly winds promote airflow from the EAIS which is
cooler, drier and significantly cleaner (PP) than the air mass
originating from the Ross Sea (WPG). Daily wind flow as
measured at VLG during summer 2000/01 clearly shows the
diurnal wind system (Fig. 3).

This monsoonal wind regime applies also to the annual
wind regime at VLG (Fig. 4) and has also been observed in
Taylor Valley at Lake Hoare (Doran and others, 2002). The
seasonal change in wind direction can be explained by
radiative forcing of the MDV during summer. For most of the
year, Victoria Valley is at least as cold as the surrounding
mountains and ice sheet, and receives air that descends from
the EAIS as katabatic winds (King and Turner, 1997; Phillpot,
1997) (Fig. 4a). This air is cold, dry and contains low levels
of salts as seen in the average concentration of PP and in the
winter surface snow layer at VLG (Fig. 2). During summer,

however, incoming radiation warms the dark, rocky surface
of the MDV more intensively than the high albedo surfaces
of the surrounding glaciers (Fig. 4b). Average radiation
measured during December 2000 showed albedo values for
MDV rock and glacier surfaces of 27% and 96%, respect-
ively (Hendrikx, 2001). Surface temperatures on the rocky
slopes of Victoria Valley are measured as high as +178C,
with ambient air temperatures well below freezing (–88C).
As a consequence, the air above the rocky surface warms
significantly more than the air above glacier ice.

Marine species (Na, Mg, MS, SO4, Sr)
As the air warms over the Victoria Valley, and ascends to an
altitude of thermal equilibrium with the surrounding air
mass, it creates a surface low-pressure cell that forces air
masses from the Ross Sea above and across VLG (Fig. 4b).
The overall dominance of easterly winds explains the
concurrent high aerosol input during summer. The air mass
flowing over VLG during these times originates from the
Ross Sea and is relatively warm, humid and salt-rich. It
stands in strong contrast to air masses that originate from the
EAIS, which are responsible for aerosol concentrations that
are 3–5 orders of magnitude lower than summer deposition
(Fig. 4a).

Fig. 3. Wind data recorded at VLG ice divide, 1 November–
16 December 2000. Bin size is 108. Length of bin sections
represents % occurrence of this wind direction during entire
measurement period.

Fig. 4. Schematic model of air mass input to Victoria Valley during (a) winter and (b) summer months. Arrows indicate air-mass transport
paths. Approximate location of the schematic transect is indicated in Figure 1 (A–A0).
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Terrestrial species (Al, Fe)
As shown in the chemistry gradients (Table 1), terrestrial
species are derived predominantly from MDV dust, and
especially the sand dunes located west of VLG are a rich
source for Al and Fe. For most of the year, the sand dunes are
frozen solid. In early November 1999, only the top
�0.005m layer was found to be loose material. However,
during summer (e.g. late December 1999) the active
permafrost layer melts and the upper �0.1–0.2m of the
sand dunes thaw out. The fine sand material (Ayling, 2001) is
then mobile and may be moved by even moderate winds to
the study sites. However, katabatic storms will episodically
move large quantities of dust regardless of the season, which
might be responsible for secondary maxima of terrestrial
species observed in the EOF analysis.

DATING THE VLG SNOW PROFILE
The seasonality of the chemistry signal can be used to
identify seasonal layers in the snow profiles. Peaks in Na and
MS were used to identify summer precipitation. Both species
displayed a summer maximum. The annual-layer count is
shown for the VLG snow profile. The bottom of the pit
(4.10m) is summer 1963/64 (Fig. 5). Due to overall low
accumulation in the MDV region (e.g. at Newall Glacier
�0.035ma–1w.e. (Mayewski and others, 1995), winter
accumulation might not always be sufficient to separate
two summer peaks in the record. Thus, the count of summer
peaks only provides a minimum age. However, gross beta
radioactivity profiling detected the 1964/65 nuclear-testing
fallout peak (Pourchet and Pinglot, 1979) at 4.0 ± 0.1m
depth, confirming the annual-layer count in the snow
profile. Due to the good agreement between the two ages
for the bottom snow layer, the error associated with the
annual-layer count is assumed to be ±1 year.

CONCLUSION
The spatial and temporal variability of aerosol deposition in
the MDV suggests that most of the species input is deposited
concurrently regardless of their sources. The most important
source areas are the Ross Sea for marine species (Cl, Na, Mg,
SO4, Sr, MS), and MDV dust for terrestrial input (Al, Fe).

High aerosol concentrations are associated with summer
precipitation and are largely independent of snow accumu-
lation. Low aerosol concentrations represent winter pre-
cipitation. The seasonality of the marine aerosol input is
explained by a polar version of the monsoonal flow, which is
driven by the radiative forcing of the MDV. Ion concen-
trations are 3–5 orders of magnitude higher during summer
when the precipitating air mass originates predominantly
from the Ross Sea, while in winter the MDV are influenced
by air masses draining off the EAIS, resulting in low aerosol
concentrations. Terrestrial species are derived from local
MDV dust and exhibit a summer maximum concurrently
with marine aerosol input. During the warm, humid
summer, permafrost-cemented sand dunes located west of
VLG thaw, providing a rich source for Al and Fe. Occasional
katabatic storms transport dust to the study sites regardless of
the season, which is thought to be responsible for the
secondary maxima of terrestrial species in the EOF analysis.
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