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ABSTRACT. Detailed ionic analyses of Dyer Plateau snow show that major
soluble impurities in snow consist of sodium (Na™), chloride (Cl ), nitrate (NOj3 ),
sulfate (SO,* ), and acidity (H™ ). The ratios of Na " 1o Cl concentrations are close to
that of sea water, indicating little or no fractionation of sea-salt aerosols. The analyses
of core sections from three sites along a 10 km transect show that local spatial variation
of snow chemistry in this area is minimal and that temporal (decadal, inter-annual
and sub-annual) variations in snow chemistry are very well preserved.

Anion analyses of the upper 181 m section of two 235 m ice cores yield a data set of
485 years (1505-1989) of annual snow accumulation and {luxes of CI', NOj and non-
sca-salt (nss) SO,° . No significant long-term trends are observed in any of the anion
fluxes. This is consistent with other Antarctic ice-core records showing no significant
anthropogenic atmospheric pollution in the high southern latitudes. Linear regression
analysis shows that Cl [lux is independent of snow-accumulation rate. Significant
positive correlations are found between accumulation rate and both NOg  flux and
background nss-SO,;"  flux. These results suggest that dry deposition is primarily
responsible for air-to-ground Cl flux while wet (‘l(*pnsilicml)(lmninut(-s the NO3 and nss-
SO,7 flux (290% and >75%, respectively). The nss-SO,~ fluxes provide a chronology
of explosive volcanic emissions reaching the Antarctic region for the past 485 years.

INTRODUCTION

[ce cores from Antarctica and other permanent ice bodies
in the world provide abundant information on paleocli-
mate and the history of atmospheric composition
(Delmas, 1992), In Antarctica, concentrations of soluble
chemical constituents in snow reflect the composition of
atmospheric aerosols (Legrand and Delmas, 1984 Wagen-
hach and others, 1988). However, in order to reconstruct
paleoatmospheric history using ice-core results, the relat-
ionships between the amounts of the chemical species found
in snow and their atmospheric concentrations must be
investigated carefully. Ideally, quantitative transfer funct-
ions should be established to properly infer atmospheric
conditions [rom results of ice-core analyses. Furthermore,
deposition processes and the atmospheric history of aerosol
constituents may vary spatially (Shaw, 1989); therefore,
interpretation of ice-core results may require location-
specific transfer functions.

During the period 1988-90, a suite of ice cores was
collected on Dyer Plateau (Thompson and others, 1994),
located along the crest of the Antarctic Peninsula
approximately halfway between the northern tip and
the southern base (Fig. 1), The core collection on Dyer
Plateau is part of an ongoing effort to characterize the
alaciologic and the climatic regime across the middle of
the Antarctic Peninsula (Dolleman Island to Dyer
Plateau to Alexander Island). Future long-term ice-core
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Fig. 1. Map of the Antarctic Peninsula region showing the
location of Dyer Plateau and other ice-core locations
mentioned in this work (Dolleman Istand and Siple
Station ).

records from this area may provide a crucial link between
climatic histories from ice cores drilled in Antarctica and
the climatie records from South America (Thompson and
others, 1985).

Presented here are the results of chemical analyses ol
Dyer Plateau ice-core samples. The goal of this study is
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two-fold: (1) to characterize the natural spatial variability
of the snow chemical composition and (2) to assess the
utility of ice-core records from this location as a tool for
reconstructing the paleoenvironmental history of this
region. To examine the spatial variability of snow
chemistry, sections of ice cores covering the crest area of
the plateau were analyzed and the results of the chemical
analyses are compared. The 485 yvear history of annual
net accumulation and anion fluxes was obtained from
analyses of the upper 181 m section of two 235 m cores,

EXPERIMENTAL PROCEDURES

Ice-core location and recovery

Dyer Plateau is located in the middle of the Antarctic
Peninsula (Fig. 1). The crest of the platcau (70°40'S,
64°52"W, elevation 2002ma.s.l.) is approximately
150 km west of Dolleman Island which lies along the
west coast of the Weddell Sea (Fig. 1). In the 1988/89 and
1969/90 austral-summer field seasons, several cores ol
various lengths (50-235m) were drilled at three sites
along a 10 km east-west transect across the ice divide. All
cores were drilled and handled in the field with stringent
contamination-control procedures (Mulvaney and Peel,
1988): and, after being transported frozen to ice-core
processing facilities, the cores were stored at —30°C prior
to the analyses.

Scope of study and analysis

To study snow chemical composition and its spatial
variability, one core from each of the three sites was
selected. Samples from one continuous section (4-5m in
length) in each core were analyzed for ionic concentrat-
ions, and the oxvgen-isotope ratios (6'*0) were measured
on all of these cores to assist in dating. Table 1 provides
information on the core sections analyzed. the sampling
scheme and the dating of the sections.

Continuous anion
have been conducted on the top 112m (dated AD 1761
1989) of a 235m core (C1) and on part (107 181 m, AD
1505-1784) of another 235 m core (C2) drilled 1 m away
from core Cl. The relatively high annual snow-
accumulation rate of 450 mm w.e. allowed analyses of 6
15 samples per year. A total of 3850 samples was analyzed
to produce the 483 year record.

measurements of concentrations

Sample preparation and analytical procedures

All snow and ice samples were decontaminated prior to
chemical analysis. A pre-cleaned band-saw was used to
decontaminate firn cores by removing a 20mm thick
layer from all exposed surfaces. Below the [irnfice
transition which occurs between 55 and 60 m. ice samples
were washed with ultra-pure deionized water. A proced-
ural blank (frozen ultra-pure deionized water) was
included with each batch of samples prepared for
analysis. Before washing and melting, all sample prep-
aration was conducted on a clean-air bench in a cold
(~10°C) work room. The decontaminated samples were
melted at room temperature in sealed plastic (poly-
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Table 1. The three drill sites on Dyer Plateau are located
along a 10 km east—west transect across the ice divide. One
section of each of the three cores was selected lo correspand
lo the decade 195060, based on preliminary depth-age
estimates. Dating was accomplished by counting 6"°0 and
8O eyeles from the top of each core. Non-sea-salt sulfate
calculation is according lo Equation (1) and the Na™ |
SO, ratio in sea waler (see text )

West Crest- — Fuast
(ice divide )
I (7 E4
Depth (m) 27.5-32.0 25.0-30.0 27.0-32.0
No. of samples 65 5 17 67
No. of years 6.0 L =]
Date 195156 1953-59 1958-6G3
Dating method  8'%0  §'"0 and SO, 60
Annual accum- 55 40 a6
ulation
(em w.e.)

Average concentrations (pequl ')

Cl 1.48 1.40 1.09
NO; 0.52" 0.38 0.44
S0)" 0.65 0.65 0.75
Na™ 1.00 1.10 0.88
e 0.10 0.09 0.15
nss SO,° 0.53 0.52 0.64
Na"/Cl 0.74 0.82 0.83

o 0.16 0.15 0.13

*

37 uncontaminated samples (8 of the 65 samples were
contaminated by laboratory standard solutions during
analysis and therefore not included).

* Standard deviation.

ethylene) containers and were analvzed in a class-100
clean-room laboratory immediately after melting.

All cation and anion measurements were made by ion
chromatography. The analytical procedures for the
measurements of anions (Cl, NOy and SO,” ) have
been described elsewhere (Mosley-Thompson and others.
1991). For the cations, a combination of Dionex FAS SEP
CATION I and Il columns was used with an eluant of
SmM DAP (diaminoproponic acid) in 10mM HCIL A
cation micromembrane suppressor column (Dionex) was
regenerated continuously with a solution of 10 mM KOH.
The column combination and a column-switching tech-
nique allow simultaneous determination of sodium (Na ).
. magnesium (Mg” ")
and Ca”"
concentrations of most samples were below the detection
limits of this analytical method (=20 ug1 '). As discussed

. T + . - +
ammonium (NH; ), potassium (K

: N 2F Y 9+
and calcium (Ca” ") ions. However, the Mg

by other authors (Saigne and others, 1987; Mulvaney and
Peel, 1988), the laboratory measurement of NH; " in
Antarctic snow is subject to serious contamination from the

183
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dissolution of NH; in ambient air. Although an effort was
made to control the exposure of melting samples to the
laboratory atmosphere, the NHy " data are not considered
contamination-free and are therefore not reported here.
For typical concentrations (0.2-2.5 pequl ' of Na™,
Cl , NO; and SO,% | the analytical error of measurements
is 10% or less, with negligible procedural blank values. Due
to extremely low concentrations (=0.1 pequl W KT
measurements carry an error ol about 100%.

RESULTS
Dating

Annual cycles of SO,* concentrations and those of §'*0
are very well preserved along the entire depth of all cores
(Fig. 2). Therefore, all cores were dated by counting
annual cycles in continuous §'"%0 and/or SO ;. concen-
tration profiles. A “year” is defined as the firn or ice layer
bhetween two adjacent minima in 880 or 504
concentration. The thickness of that layer is converted
to water equivalent using density measurements along the
core and represents net accumulation in that year.
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Fig. 2. An example of the well-preserved seasonal
variations of 6'°0 and SO in a section of a Dyer
core {core W1; see Table 1 for details). The core is daled
by counting 8'0 eyeles from the top of the core, assuming
that 80 and SO,°~ maxima occur in the austral
SUIMINET.

For the most recent 200 vears, the dating errors are
negligible, as indicated by the accurate dates for several
known voleanic horizons (e.g. Tambora in AD 1816).

No analyses were made on either core Cl or core €2
below 181 m due to very poor core quality. Core C2 sulfers
from poor core quality (probable loss of ice during drilling)
between 112 and 130m (AD 1706-63). In core C2 the
dating below 112m was refined by comparing prominent
.“30_,2 horizons, believed to be volcanic, with those in a
well-dated core drilled in 1985 at Siple Station (Fig. 1) at
the base of the Antarctic Peninsula (Mosley-Thompson and
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others, 1991). Prominent volcanic events in the Dyer cores
match those in the Siple Station core very well (Thompson
and others, 1994). The accumulated dating uncertainty at
485 years is estimated to be t3a.

Layer-thinning correction

As with all ice cores, annual snow layers at Dyer thin as
they are buried under successive new snowfalls and are
stretched due to the outflow of ice from the ice divide. A
complementary geophysical study at the Dyer ice-core
sites provides information about the characteristics of the
ice llow (personal communication from C. Raymond and
others, 1994). This allows the annual layer thicknesses or
net annual accumulation to be corrected for thinning at
depth (Thompson and others, 1994), as shown in Figure
3. In the 112-130m section of core €2 where significant
core loss was encountered, it was difficult to determine
accurately annual layer thicknesses. Data for this section
are not shown in Figure 3; instead, a linear extrapolation
of the thinning curve for this section (1706 63) is
presented and subsequently used in the annual-flux
calculation (see Figure 3 and caption).

w

3 B.07
C

X

L

=

l: 2.5
2

-

= LD
o

2

A
=

w0

> -
- 7
©

e

8 05
oo

o

2

E 0.0+ T T T

2000 1900 1800 1700 1600 1500
Year (aD)

Fig. 3. Iee flow thins the thicknesses of old annual layers.
This graph shows the ratios of annual layer thicknesses
corvected for thinning over the measured layer thicknesses in
cores CI and C2. The shaded area indicates the poor-
quality section of the core. The dashed line vepresents linear
regression fil lo the data. which is used in the flux
calculation for the poor-qualily section.

Calculation of nss SO,>

On Dyer Platcau, the extremely low concentrations of
insoluble dust (‘Thompson and others, 1994) indicate the
lack of continental-dust acrosols in the atmosphere and
hence in the snow. This leads to the assumption that the
only important source of Na~ in snow is sea-salt acrosol;
therefore, the non-sea-salt part of SO, in total 50"

may be estimated this way:

nss SO,° = S0, —Ry, x Na* (1)
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where Ry, = 0.12 is the ratio of SO,® to Na™ in bulk sea
water. For the spadal-variability study, where Na'
measurements are available. nss-.‘i();"’ concentrations
are calculated according to Equation (1), and are
presented in Table 1.

As will be discussed later, the ratios of Na™ to Cl
concentrations in snow adhere closely to that of bulk sea
water, so it is probable that nearly all C1 in the snow is
derived from sea salt. Consequently, nss SO,* may he
calculated using the SO, /Cl ratio in sea water

(Re) =0.103):
nss SO,*~ =80,> —~Rgy x C1 . (2)

Since only anion concentrations were measured in the
181 m section of cores Cl and C2, Equation (2) is used for
5 2 I ¥ . .
nss=-50," flux caleulations which are in turn employed in
2 . r v 2 3 5
the annual time series of nss SO~ for the last 485 vears.

Flux calculation

The air-to-ground flux of a chemical species in an ice-core
sample is calculated according to:

FLUX(gem ?) =
CONCENTRATION(gem ™) x SAMPLE SIZE (em) (3)

in which sample sizes represent accumulation in water
equivalent. The sum of the fluxes of all samples in an ice-
core year is the annual flux for that year, or:

F=Y F=)(CxS) (4)

where i denotes individual samples in one year.

Annual fluxes of CI', NO; and nss SO,” for the
485 years (1505-1989) contained in the 181 m core section
have been calculated using Equations (3) and (4). Layer
thinning affects the annual laver thickness as well as the
sample sizes and consequently the calculated fluxes. To
compensate for this effect, the annual flux calculated
according to Equations (3) and (4) is multiplied by the
ratio of the corrected (for thinning) annual layer thickness
to the measured thickness, as shown in Figure 3. The
thinning-corrected flux data, along with annual accumu-
lation rates, are shown in Figure 4.

DISCUSSION

Snow chemical composition

In the first part of this study, core sections from three
separate cores/sites are examined for snow chemical
composition. The time period under discussion here is
the decade 1950-60. No major volcanic eruptions or other
unusual events affecting the atmospheric chemistry of the
high southern latitudes were reported in this period.
Therefore, the chemical composition of these samples is
considered to be representative of the prevalent back-
ground snow chemistry in this area.

Average concentrations ol the ions measured and
other relevant data are presented in Table 1. Tt can be
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seen that K concentrations are significantly lower than
the others and carry a large (100%) analytical un-
certainty; hence K" is a minor ion in snow. Since no
other ions are present in concentrations above the
detection limits of the ion chromatography methods
with the exception of H™ and HCO; ), Table |
demonstrates that Na™, CI', NO; and SO,% are the
major ionic species in snow. Selected meltwater samples
were measured [or pH for a qualitative indication of
sample acidity (we are aware of the limitations of pH
measurements of meltwater samples). A mean pH value
ol 3.3, with a range of 5.0-5.6, was obtained for a large
number (2800) of samples. These pH values suggest that
H" probably exists in the snow at concentrations
comparable to those of the other major ions.

The ratios of Na' to ClI' concentrations in all snow
samples (Table 1) are close to that of bulk sea water
0.86 . This suggests that sea-salt acrosols over the Dyer
Plateau region have not experienced significant [ractiona-
tion which would result in lower Na " /Cl ratios (Legrand
and Delmas, 1988). Together with data from other
Antarctic Peninsula locations (Mulvaney and Peel,
1988), these results suggest that formation of HCI from
sea salt and atmospheric acids (most probably sulfuric
and nitric acids) may be a phenomenon limited to the dry
atmosphere of the interior Antarctic continent (Legrand
and Delmas, 1988).

Among the cations measured here, only H™ and Na™
have concentrations comparable to those of the major
anions (Cl , SO,* and NO; |. As discussed previously, the
only major source of Na ™ and Cl is probably sea salt. Since
all cations and anions in sea salt must balance ionically, this
leaves the non-sea-salt major anions (nss SO, and NO; |
to balance the only other cation, H". This leads to the
conclusion that the principal chemical compounds from
non-sea-salt sources are HNOj and H,S0,, consistent with
results of snow chemistry studies in other parts of Antarctica
(e.g. Legrand and Delmas, 1984).

Spatial variation of chemistry on Dyer Plateau

Local spatial variations in snow chemistry are important
when long-term changes in atmospheric composition over
a large arca are to be inferred from a single ice-core
record. Knowledge of local variability helps in the
selection of ice-core drilling sites that are most represen-
tative of the location. As part of a survey program to
identify a deep ice-coring site, several shallow (30 m) and
intermediate (100-235m) cores were drilled in the Dyer
Plateau area. The ionic concentrations in three cores
across the ice divide are used to assess the spatial
variability of the snow chemistry.

When comparing cores from closely located sites, it
makes little sense to try to mateh individual samples since
it is impossible to obtain snow samples deposited
simultaneously, except perhaps when snow samples are
collected in situ during a precipitation event. Even
specific years in separate ice cores are diflicult to
compare, for the definition of the length (or the number
of samples) of an ice-core “year™ is somewhat arbitrary
and the comparison may not be between the same lengths
of the “year”, given the finite number of samples in a
year, even il the same “year” is being evaluated. Thus,

185
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Fig. 4. Cubic-spline smoothed dala are shown for (a) annual accumulation rales, and fluxes of (b) CU, (¢) NO3  and
(d) nss St Sor the past 485years. The shaded area in (a) indicates the poor-quality section of the core, where
accumulation rates may be underestimated. The identification of prominent voleanic events in (d) is hased on dating and
comparison with a similar record from Siple Station ( Mosley-Thompson and others, 1991).

sections spanning several years are necessary for appro-
priate comparison. In the three columns of Table 1, the
average ionic concentrations of each core section are listed
for the three sites. Six to seven complete sulfate and 60
cycles (years) are contained in each section with assigned
dates. Since the core sections were selected assuming
similar accumulation rates at all three sites, which are
quite different (see Table 1), they correspond to different
time intervals (Table 1, row 3). Nonetheless, the large
number of samples in each section ensures that comp-
arison between the sections or the sites can be made using
average concentrations and variances.

The average concentrations of all ions and Na e
ratios show rather small differences among the sites (Table
1), even with the somewhat different 6 year periods covered
by the three core sections. These small variances indicate
that there is no directional preference for the deposition of
the ions, including the sca-salt aerosols. The exceptionally
small variance of nss SO,” coupled with the fact that its
scasonal cycles are very regular, strongly suggests that
deposition of this species is a large-scale atmospheric
process and that there is little local influence on or post-
depositional alteration of its signal in snow.
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Accumulation and flux in the last 485 years

As discussed elsewhere (Thompson and others, 1994),
Figure 4a shows that the net snow-accumulation rate on
Dyer Plateau is relatively stable over the last five
centuries. Nonetheless, several trends are discernible in
the 485 vear record. First, the accumulation rates between
AD 1700 and 1750 (Fig. 4a; shaded area) [all well below
the 485 year average. As discussed above, the core quality
in this section is rather poor, which casts doubt on the
validity of the reduced accumulation rate. Results from
other Dyer cores currently under analysis may confirm or
refute this period of low accumulation. However, strong
positive cross-correlation with the Siple Station accumu-
lation record (Thompson and others, 1994) suggests that
the low net accumulation at this time period may not be a
spurious event, but may be more spatially extensive
(Thompson and others, 1994). Secondly, a small, gradual
increase in net annual accumulation rate begins in the
late 19th century and lasts to the present. Over this
interval the accumulation
average ol 43 to about 32cmw.e.a ', Similar increases

annual increases from an

in other ice-core records from the Antarctic Peninsula
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indicate that the trend may be widespread in the region
(Thompson and others, 1994,

This small increase in annual accumulation since the
late 19th century may account for the concurrent slight
increase in the NO; and nss-SO,” (luxes in the same
time period (Fig. 4). No trend is apparent in Cl . From
1700 to 1760, all three anion species exhibit below-

average [luxes; however, this probably reflects the loss of

ice in this section of the core (zero concentration and ux
for lost ice).

Among the three anions, Cl shows the largest
temporal variability, which suggests that sea-salt depos-
ition reflects the sporadic intrusion into the Dyer Plateau
area ol synoptic air masses containing sea-salt aerosols.
The nitrate flux is relatively constant for the entire time
period, as the largest annual NO; [luxes are only twice
the average. This implies that the sources of NOy in the
atmosphere are probably quite stable [rom year to year
and on the time-scale of centuries. It is also clear that the
deposition of NOj
Muctuations in local meteorological conditions. The nss-
SO,” Mux profile is characterized by large peaks 2-3

is not significantly aflected by

times above the background level. These peaks represent
several known and suspected voleanic eruptions in the Jast
485 years (Thompson and others. 1994, as indicated in
Figure 4d. A detailed discussion of the nss-SO,° volcanic
chronology will be presented elsewhere.

Dry vs wet deposition of anions

An examination ol the relationship between the net
accumulation rate and the ionic flux may reveal char-
acteristics of the processes by which specific atmospheric
chemical species are deposited on to the snow surface
(Davidson, 1989). An atmospheric constituent, as either
particulate or gaseous aerosols, may he incorporated into
or scavenged by water droplets or snow grains and be
deposited as a direct result of precipitation (wet
deposition): or the atmospheric species may fall without
accompanying precipitation (dry deposition). In the case
of wet deposition, the flux can be expected to be
proportionally related to the amount of precipitation or
accumulation. Conversely, the flux by dry deposition
should be independent of the accumulation rate, Thus,
the relationship between flux and accumulation may be
described simply as

F=Fi 4 F, = Fy+ bA, (5)

where Fy and Fl, represent dry- and wet-deposition ux,
respectively. A, is the snow-accumulation rate. The
parameter b is related to the scavenging elliciency of an
atmospheric species by precipitation and should he
constant under given atmospheric conditions. If the {lux
plotied as a function of accumulation is a straight line, the

intercept of the line should be the dry-deposition part of

the flux. A positive slope of the straight line would
indicate that the deposition is dependent on precipitation
(wet deposition).

The annual fluxes of CI'; NO; and nss SO,° are
plotted in Figure 5 as functions of the annual net
accumulation rate reconstructed {rom the layer thick-
nesses. Because flux is calculated as the product of both
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Fig. 5. Annual fluves of (a) CL . (b) NOy and (¢) nss
SO, are shown as functions of annual nel accumulation,
Flux (in pgem *a') and accumulation data Jor the
period 170663 were removed from the data set due lo poor
core qualily. Cireles in (¢ ) represent known and suspected
volcanic years and the dashed lines are linear-regression fits
fo % dute.

concentration and accumulation, there is a tendency for
the slope 1o be positive. The dashed lines in Figure 5
represent the least-square linear fits to the data.

All three linear fits exhibit positive slopes, suggesting
that the deposition of all three species is somewhat
dependent on precipitation. However, there are signifi-
cant differences among the plots. For example, the lincar
regression line for NOy shows the best [it to the data (the
correlation coeflicient is 0.74; see Table 2). This is a
strong indication that HNOjy aerosols serve as eflicient
condensation nuclei or that they are efficiently scavenged
by precipitation. The linear fit to NO,
smallest intercept (0,103 g em “a

flux has the
. suggesting that dry
deposition contributes less than 10% of the average NO,
flux (1.06 pgem *) deposited annually.

Sea-salt acrosols are generated by bursting bubbles of
ocean spray. In Antarctica, most airborne sea-salt aerosol
quickly settles along the coastal areas due to gravity

Legrand and Delmas. 1983). Dried sca-salt aerosol
particles in the dry Antarctic atmosphere are not
considered good condensation nuclei; therefore. the
amount of CIin snow is not expected to be strongly
dependent on accumulation rate. As expected, the Cl

187
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Table 2.
accumulation and flux dala. as illustrated in Figure 3.
Dala for 1706-63 are excluded, due to the probable loss of
core during drilling. Values in parentheses are oblained

Statistical summary of the annual nel

after conspicuous volcanic years are removed from the dala

sel

Linear regression vs accumulation
e v *
Average i Slope — Intercept r

Accumulation 44.9  9.69
(em HoOa™)

Chloride 1.33 054 0.03 0.21 0.41
(pgem Za ) (0.04)  (0.19) (0.41)
Nitrate 1.06 0.28 0.02 0.10 0.74
(0.02) (0.09) (0.74)

Nss sulfate 1.88 0.87 0.02 0.20 0.45
(0.02) (0.38)  (0.56)

H# = . .

* Standard deviaton,

5 : —ag
Correlation coellicient.

data show a large scatter in Figure 5a and the correlation
between €l flux and accumulation is rather poor
(1= 0.42). In fact, even the weak correlation may reflect
the bias toward a positive correlation resulting from the
flux calculation, as discussed above.

The case of nss SO,* is more complicated than the
other two species. Although the nss-SO 2 flux, similar to
Cl . appears to be poorly correlated with accumulation
(1 = 0.45; Table 2). it is probable that large inputs from
explosive voleanic sources distort the normal nss-SO,
deposition-accumulation relationship. When years with
high nss-SO 7 fluxes from known and suspected volcanic
eruptions are removed from the data set, the correlation
hetween the remaining nss-SO,” [lux and accumulation
is significantly improved, with 7 increasing from 0.45 to
0.56 (Table 2). By contrast, removal of the volcanic years
does not result in a significant change in either the NOy
or Cl regression results (Table 2). The nss-S0,°
intercept also increases from 0.20 to 0.38 pugem ‘a’!
with the removal of volcanic years. This would mean that
in non-volcanic years, only 25% or 0.38 pg cm 2a ' of the
') may be attrib-

nss-SO,* flux (average: 1.88 pgem ‘a
uted to dry deposition.

CONCLUSIONS

The snow chemistry on Dyer Plateau is dominated by the
presence of NaCl from sea-salt aerosol, and nitric and
sulfuric acids from gaseous atmospheric aerosols. The
local spatial variability in snow chemistry is remarkably
small and the temporal variations are well preserved in
shallow and intermediate ice cores; therelore, excellent
and spatially representative records can be expected from
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future deep ice cores. At this location, sulfuric and nitric
acids are deposited mainly by wet processes (cloud
condensation and scavenging). In contrast, the CI
deposition, most probably associated with sea-salt
acrosol particles, is largely independent of precipitation.

The annual time series of Cl', NOy and nss SO,
from AD 1305 to 1989 show no significant trends. Thus,
the Dyer Plateau record is consistent with previous ice-
core-derived histories (Delmas, 1992) which indicate no
significant anthropogenically produced atmospheric
pollution in the high latitudes of the Southern Hemi-
sphere.
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