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The Weddell Sea region: an important precipitation channel
to the interior of the Antarctic ice sheet as revealed
by glaciochemical investigation of surface snow
along the longest trans-Antarctic route
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ABSTRACT. Glaciochemical analysis of surface snow samples, collected along a profile
crossing the Antarctic ice sheet from the Larsen Ice Shelf, Antarctic Peninsula, via the Ant-
arctic Plateau through South Pole, Vostok and Komsomolskaya to Mirny station (at the east
margin of East Antarctica), shows that the Weddell Sea region is an important channel for
air masses to the high plateau of the Antarctic ice sheet (>2000 ma.s. 1) This opinion is
supported by the following. (1) The fluxes of sea-salt ions such as Na*, Mg”" and CI display
a decreasing trend from the west to the east of interior Antarctica. In general, as sea-salt
aerosols are injected into the atmosphere over the Antarctic ice sheet from the Weddell
Sea, large aerosols tend to decrease. For the inland plateau, few large particles of sea-salt
aerosol reach the area, and the sea-salt concentration levels are low. (2) The high altitude
of the East Antarctic plateau, as well as the polar cold high-pressure system, obstruct the
intrusive air masses mainly from the South Indian Ocean sector. (3) For the coastal regions
of the Fast Antarctic ice sheet, the elevation rises to 2000 m over a distance from several to
several tens of km. High concentrations of sea salt exist in snow in East Antarctica but are
limited to a narrow coastal zone. (4) Fluxes of calcium and non-sea-salt sulfate in snow
from the interior plateau do not display an eastward decreasing trend. Since calcium is
mainly derived from crustal sources, and nssSO,” is a secondary aerosol, this again con-
firms that the eastward-declining tendency of sea-salt ions indicates the transfer direction
of precipitation vapor.
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The 1990 International Trans-Antarctic Expedition
(ITAE) provided a rare opportunity to investigate the sur-

face characteristics of the Antarctic ice sheet over a wide Terre Addlie
region. Mulvaney and Wolff (1994) have compiled reliable
data for Na*, NO;~, CI” and SO4.27, mostly derived from

several transects from the coast towards the interior. Up to
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now, such data are still very scarce for the vast interior
region. The sampling sites along the I'TAE route represent

the longest transect ever conducted through the main geo-

graphic regions of Antarctica (Fig. 1). Along the ITAE route,
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Fig. 1. Antarctic map showing the route of the 1990 ITAE and
the sampling sites listed in Table 1.
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surface snow samples of 25 cm depth were collected at 97
sites. These samples were analyzed for major ions (Na',
Cl, Mg%, Ca2+, NO; and SO427) as well as methane-
sulfonic acid (MSA). An interpretation of the distribution
of NO3 has been published (Qin and others, 1992). This
paper presents the distribution of the major ions and MSA
in the surface snow along the ITAE route, in order to provide
a basic interpretation of snow chemistry along the study
transect. This in turn casts new light on the problem of trans-
portation of air masses onto the Antarctic ice sheet.
Understanding the mean annual temperature and accu-
mulation rate along the ITAE route is essential for glacio-
chemical interpretation of the data collected. The mean
annual temperature data at these sampling stations include
(1) =17.3°C measured in the firn at 9.5 m depth at station 10
on 31 August 1989; (2) temperatures measured previously at
meteorological stations or in 10 m depth snow (at stations 23,
32, 52, 74, 82, 86 and 92 (Shimizu, 1964; Lorius and others,
1970; Schwerdtfeger, 1970; Barkov, 1975; Lipenkov, 1980; Jouzel
and others, 1990)); (3) estimated temperatures obtained from
the isothermal diagram of average annual surface tempera-
ture in the interior of the East Antarctic plateau (Crary,
1963; Cameron and others, 1968); and (4) the lapse rate and
the latitude effect. The elevation along the route was obtained
from a large-scale contour map of Antarctica (Drewry, 1983),
corrected to position records made on the traverse by G.
Samers and J.-L. Etienne (personal communication, 1992).
The Larsen Ice Shelf] located on the east side of the Ant-
arctic Peninsula and terminating as ice cliffs in the Weddell
Sea, is in a continental climate region. This is because the
Antarctic Peninsula is a natural meteorological barrier that
demarcates a distinct climatic division between a maritime
climate in the west and a continental climate in the east.
Sampling sites 1-12 were set on the Larsen Ice Shelf. At
these sites, elevations are below 100 m, annual mean tem-
peratures are —12° to —14°C and the average accumulation
rates are in the range 500-600kgm “a . Sites 1319 are
distributed over Palmer Land in the Antarctic Peninsula.
Within this section of the traverse route, topography is com-
plicated, with an elevation range of several hundred meters
to 2000 m and the distance to the coast changing irregularly.
The estimated accumulation rates are 50-400 kg m “a ' and
the annual mean temperatures range from —16° to —22°C.
From site 30 to the end of the traverse is the main section
of the expedition route. Except for the Ellsworth Mountains,
where elevation changes irregularly, the elevation increases
progressively with increasing distance along the route to the
highest point (site 86,3560 m a.s.l) and then decreases. About
half of this section of the route is > 3000 m a.s.l., belonging to
the interior of Antarctic Plateau. Here the climate is quite
stable since it is under the control of the polar cold high-pres-
sure system. The annual mean temperature is lowest (—55°C)
at Vostok, from where, toward both east and west, it increases
(—49°C at South Pole and —27°C at Patriot Hills). The accu-
mulation is <100kgm Za ' at most sites within this section
of the route, except at the Ellsworth Mountains. The accumu-
lation and climatic data come from several different sources
and are described in detail by Qin (1992). Variations in mean
annual temperature, accumulation rate and altitude along
the route are shown in Figure 2. The accumulation rate was
largely derived from the compilation of Giovinetto and Bull
(1987), but additional data were used from shallow ice cores
and shallow snow pits which covered several tens of years
and several years of snow accumulation, respectively (Shimi-
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Fig. 2. Variations of mean annual temperature, snow-accumu-
lation rate and altitude change along the ITAE route. The ab-
scissa is the latitudes of the sampling sites.

zu,1964; Taylor, 1965; Hamilton and O’Kelley, 1971; Kotlyakov
and others, 1978; Lipenkov, 1980; Peel and Clausen, 1982,
Jouzel and others, 1983).

Elements derived from the marine environment, Na™,
Cl and Mg”", are used in this study as a proxy for vapor
transport. Non-sea-salt derived elements such as Ca”" and
non-sea-salt sulfate (nssSO,* ) are used to compare with
the sea-salt distribution since they are tracers of continental
source area and marine biogenic sources, respectively.

SAMPLING AND ANALYTICAL PROCEDURES

From 27 July 1989 to 3 March 1990, the ITAE succeeded in
crossing the Antarctic by dog-sled. The expedition route
began at Seal Nunataks (65°05’S, 59°35" W), then traversed
from the northern end of the Antarctic Peninsula via the
Larsen Ice Shelf, Palmer Land, the Ellsworth Mountains
(76-81°S, 87° W), South Pole, the Area of Inaccessibility
and Vostok, and ended at Mirny, a station at the margin of
East Antarctica. The route covered a total distance of
5896 km and the journey took 220 days. Ninety-seven 25 cm
deep samples of surface snow were collected in polyethylene
bottles along the route at roughly equidistant points. Special
steps were taken to keep the samples as clean as possible
during sampling. The bottles were new and were washed
three times using Milli-Q water to clean each bottle to main-
tain blank values in the ppb range for ionic measurement of
the snow samples. Washed bottles were packed in clean bags
in a clean room and were opened only during sampling for a
short time. Contamination was avoided by wearing gloves,
cleaning the surface of the profile of the snow pits and facing
in the windward direction when collecting samples.

All samples were kept frozen until processed. Concentra-
tions of major anions and cations in the samples were meas-
ured by Dionex 4000 ion chromatography at the Laboratoire
de Glaciologie et Géophysique de 'Environnement, Grenoble,
France. The detection limits and precision, respectively, were
1x10 °gg "and 4% for C1, 0.5 x10 °gg " and 5% for Na*,
0.1 x10 °gg " and 10% for Mg*", 0.5 x10 °gg " and 50% for
Ca®", and 1 x10 °gg 'and 5% for SO,* .
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RESULTS AND DISCUSSION

Analytical results for Na*, CI , Mg2+, SO,* and Ca*" in
samples are presented in Table 1 along with the sampling
date and location. The distance from station 1 (Seal Nuna-
taks), elevation and mean annual accumulation rate at 65
stations have been listed previously (Qin and others, 1992).
Among the major ions, Na" is usually considered to be to-
tally derived from sea-salt aerosol. Thus it is often selected

for calculating sea-salt (ss) and non-sea-salt (nss) fractions
of other 1ons. The calculation is important because it could
provide information on sources, transportation and/or de-
velopment of aerosol recorded in snow. Unfortunately, we
find negative values of nssMg®" when the calculation is
based on Na'. Since we exclude the possibility that the
samples were contaminated, the explanation is believed to
be (1) Na™ was concentrated during the process of transpor-
tation from source region to deposition site, and /or (2) extra

Table 1. The results of chemical analyses of some tons in 25 cm deep snow samples on the I'TAE route. Unit of ton concentration is
10°% g g ' The sampling date, positions and represented seasons of the snow are also listed

Site Date Position Ton concentrations Accumula- Site Date Position Ton concentrations Accumula-
tion season tion season
of snow” of snow”
dd/mm/yy Na* Mg Ca® €I SO dd/mmjyy Na™ Mg® Ca® Cl SO/
1 270789  65°05'S 59°35'W 271 327 145 441 54 w 54 05/12/89 87°36'S 91°06'W 4 05 15 23 39 M
2 280789  65°10°'S 59°59'W - — - - - 55 06/12/89  87°57'S 91°55'W 16 19 25 61 39 M
3 29/0789  65°17'S 60°19W - - - - - 56 08/12/89 88°38'S 92°26'W 13 16 30 50 43 M
4 300789 65°27'S 60°45’W - - - - — - 57 09/12/89 89°00'S 92°58'W 12 15 25 52 47 M
5 01/08/89 65°35'S 61°10'W 457 551 325 799 132 W 58 10/12/89  89°22'S 91°39'W 14 17 15 41 31 M
6 02/08/89 65°42'S 61°32°W - - - - - - 59 13/12/89  90°00" S 8 10 L5 30 39 M
7 03/08/89 65°50'S 61°57'W 324 390 245 578 100 w 60 16/12/89 89°53'S 114°22°E 13 16 20 53 42 M
8 10/08/89 66°20"S 62°36" W 1054 127.0 48.5 1872 210 w 61 1712/89  89°32'S 108°18E 17 21 20 59 45 M
9 13/08/89 66°54'S 63°32'W 499 60.1 230 784 112 W 62 18/12/89  89°11'S 105°35E 14 17 15 52 48 M
10 15/08/89 67°20"S 64°07W 43 52 25 61 17 w 63 20/12/89 88°26'S 104°27E 18 22 20 68 54 M
11 18/08/89 67°47'S 64°32°W 21 25 20 32 12 W 64 21/12/89  88°03'S 104°35E 16 19 20 63 55 M
12 23/08/89 68°25'S 65°15W 76 92 45 107 29 W 65 22/12/89 87°42'S 104°39E 13 16 15 57 6l M
13 27/08/89 68°43'S 65°26'W 60 72 40 115 3l w 66 23/12/89  87°20°S 104°25E 19 23 25 79 56 M
14 28/08/89 68°48'S 65°22°W - - - - - 67 25/12/89  86°36'S 104°57E. 16 19 20 72 53 M
15 29/08/89 68°57'S 65°260 W — — - - - 68 29/12/89  85°33'S 105°40E 16 19 20 61 83 M
16 30/08/89 69°04'S 65°20 W — — - - - 69 30/12/89 85°13'S 105°49E 26 31 15 72 85 M
17 31)08/89 69°10°S 65°18W 21 25 15 42 26 w 70 01/01/90  84°28'S 106°177E 20 24 30 72 68 M
18 05/09/89 69°41'S 65°13W 12 15 1.0 23 29 W 71 02/01/90  84°07'S 106°177E 17 20 30 99 79 M
19 09/09/89 70°25'S 64°44'W 25 30 20 73 47 W 72 03/01/90 83°44'S 106°24'E. 21 25 20 85 108 M
20 14/09/89 70°58'S 64°4I'W 7 08 10 17 20 W 73 05/01/90 83°00'S 106°12'E. 36 43 20 73 93 M
21 15/09/89  71°17'S 65°43' W 85 102 35 137 29 w 74 06/01/90 82°40°S 106°19E 17 20 30 16 77 M
22 1709/89  71°56'S 65°18'W 31 37 35 64 22 w 75 09/01/90  81°50°S 106°28'E 21 25 25 77 85 M
23 18/09/89  72°14'S 65°29'W 47 57 30 86 18 w 76 11/01/90  81°05'S 106°26'E. - — - - 119 M
24 19/09/89  72°33'S 65°55'W 17 21 15 34 11 w 77 12/01/90  80°42'S 106°12°E 28 34 35 131 87 M
25 23/09/89 73°14'S 66°48'W 54 65 25 98 18 W 78 13/01/90  80°17'S 106°14'E 29 35 40 92 83 M
26 30/09/89 73°56'S 67°30'W 88 106 4.0 164 32 W 79 14/01/990  79°42'S 106°04'E. 28 34 45 119 137 M
27 06/10/89  74°05'S 69°57W 26 31 25 50 10 w 80 16/01/90 79°08'S 106°08'E 22 26 15 92 126 M
28 09/10/89  74°46'S 72°46'W 87 105 50 164 29 w 8l 170190  78°46'S 106°41'E 24 29 25 116 110 M
29 11/10/89 74°51’S 75°45 W 51 61 25 89 30 W 82 22/01/90  78°07'S 105°47’E. 20 24 25 109 76 M
30 151089  75°26'S 78°29'W 60 72 30 10 29 w 83 23/01/90  77°43'S 104°47E 30 36 20 119 109 M
31 18/10/89  75°47'S 81°40'W 66 80 40 111 28 w 84 25/01/90  77°00"S 102°55'E 17 21 40 88 93 M
32 24/10/89  76°25'S 85°10'W 44 53 40 80 29 W 85 26/01/90 76°36'S 102°00'E 18 22 30 73 72 M
33 26/10/89  76°56'S 86°15 W 31 37 25 68 18 w 86 28/01/90 75°54’S 100°31'E 16 19 30 59 75 M
34 28/10/89  77°39'S 87°07W 38 46 40 78 18 w 87 29/01/90  75°33'S 100°31'E 12 14 25 59 49 M

35 30/10/89
36 01/11/89
37 02/11/89
38 04/11/89
39 09/11/89
40 11/11/89
41 141189
42 16/11/89
43 1711/89
44 19/11/89
45 20/11/89
46 22/11/89
47 23/11/89
48 24/11/89
49 26/11/89
50 29/11/89
51 30/11/89
52 02/12/89
53 03/12/89

78°12'S 87°39W 33 40 35 77 23 W
78°49'S 87°14'W 165 200 70 264 30 W
79°10°S 86°51'W 66 80 6.5 139 29 W
79°45'S 85°18'W 32 38 30 73 31 W
80°18"S 81°2'W 109 131 755 97 94 W
80°45'S 8I°15'W 204 246 70 342 38 W
81°12'S 82°00'W 304 366 85 444 42 W
81°48'S 82°50'W 271 327 95 409 62 W
81°55'S 83°200W 65 78 40 98 29 W
82°41'S 84°00'W 156 188 65 235 41 W
83°05'S 84°45 W 70 84 75 170 35 W
83°47'S 87°25'W 44 53 30 84 22 W
84°12'S 88°05 W 27 33 25 68 19 W
84°35'S 88°55'W 33 40 40 82 38 W
85°11'S 88°58'W 66 79 3.0 130 26 A
85°53'S 88°10'W 15 18 25 48 25 W
86°12'S 88°25'W 14 17 20 44 24 M
86°34’'S 88°57’W 17 20 35 66 29 M
86°54'S 90°19W 17 20 15 49 72 M

74°44'S  98°41'E
74°21'S  98°00'E
73°41'S  97°26'E
73°18'S  97°09'E
72°51'S  96°59'E
72°28'S  96°45'E
71°42'S  96°17'E
71°20'S  96°01'E
70°57"S  95°54'E
70°33'S  95°43'E
70°11'S  95°35'E
69°46'S  95°22'E
100 18/02/90 69°26"S 95°07'E.
101 21/02/90  68°51'S 94°37'E
102 23/02/90 68°05'S 93°50'E.
103 24/02/90 67°42'S 93°39'E
104 25/02/90  67°21'S  93°26'E.
105 03/03/90  66°33'S  93°00'E

88 31/01/90
89 01/02/90
90 04/02/90
91 05/02/90
92 06/02/90
93 0702/90
94 09/02/90
95 10/02/90
96 11/02/90
97 12/02/90
98 14/02/90
99 15/02/90

1.7 15 44 60
23 40 60 53
1.0 40 52 58
1.0 10 32 43
05 30 37 25
07 35 29 23
06 20 30 31
14 45 46 41
1.0 25 24 30
LI 55 41 31
05 25 29 24
02 15 12 28
1.7 40 38 60
05 20 28 35
06 30 22 52
08 45 35 32
08 23 31 45

(S S R N~ RN te N I S e NI llc I T
lnrnrnrnrnrnnnnnrnrnIZZZZ2

N . .
W, winter snow; S, summer snow; M, multi-year snow.
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Na ", such as crustal-origin Na ", exists in addition to sea-salt
aerosol. Mg”" was therefore chosen for the calculation. The
revised Na ™ concentrations are listed inTable 1.

The number of years represented by the 25cm snow
samples depends on the accumulation rate at the sampling site.
Generally, it is difficult to identify annual layers in such a shal-
low depth, so we estimate the accumulation rate as follows.

The net accumulation rate in Antarctica usually de-
creases with increasing latitude from the coast to the
interior. But this relationship is less reliable than that of the
mean annual temperature with latitude, particularly in
near-coastal regions. On the other hand, accumulation rate
may exhibit high annual variability. All of these circum-
stances make it difficult to estimate the age of the surface
snow in Antarctica. However, Giovinetto and Bull (1987)
summarized recent surface mass-balance measurements
over the Antarctic ice sheet. By using previous records of ac-
cumulation rate at some sites on the route (e.g. sites 25, 37,
39, 62, 64, 66, 68, as well as sites 90—104 (Shimizu, 1964; Tay-
lor, 1965; Hamilton and others, 1971; Lipenkov, 1980, Peel and
Clausen, 1982; Jouzel and others, 1983,1990), and by interpo-
lating values between the sites at which accumulation rate is
known, the age of the surface 1 m snow along the traverse
route was plotted (Qin and others, 1994).

The pattern of the mean annual accumulation rate
along the ITAE route is one of high accumulation at the be-
ginning and end of the route, and lower accumulation in the
middle section (Qin and others, 1992). The highest value is
600 kg m “a ', and the lowest is 23 kgm “a . Using a mean
snow density of 400 kgm ” in the regions where the accu-
mulation rate is <100kg mZal a 25cm depth snow
sample may represent 14 annual layers (Fig. 3), and we call
this multi-year snow (M inTable 1, sites 51-93). On the east
side of section M (i.e. from Seal Nunataks to site 50), the sur-
face 25 cm represents only winter snow (W inTable 1) since
the accumulation rate is >100kgm “a . On the west side
of section M (i.e. from site 94 to Mirny station), it represents
only summer snow (S inTable 1).

Mg*", Ca®" and nssSO,>
over the I'TAE route, as well as their fluxes in section M, are
shown in Figure 4. It is clear that the three ions (CI, Na®,
Mg”") that are mainly derived from maritime aerosols dis-

Concentrations of CI', Na",

play a similar distribution pattern along the I'TAE route.
The concentrations of the three ions are highest at sea level
on the Larsen Ice Shelf, variable but quite high in the rest of
sectionW (i.e. West Antarctica), lower over section M (i.e. the
interior plateau of Antarctica) and even lower over section S
(i.e. the east margin of Antarctica). Fluxes of these three ions
also show a similar pattern of distribution, decreasing from
west to east over section M. Of the fluxes of the three ions,
Na" and Mg®" decrease more sharply than CI .

The composition and concentration of impurities in
snow over Antarctica depend largely on the sources of the
air masses, the transport distance and compositional
changes along the transport route.

The average altitude of the initial segment of the ITAE
route inWest Antarctica is relatively low. This coastal region,
located adjacent to the South Atlantic, is a primary source of
water vapor and provides large amounts of maritime impu-
rities to the snow of West Antarctica. The flat open area from
the Ross—Bellingshausen—Weddell Sea southward to the
interior continental plateau is the most favorable region in
Antarctica for water-vapor transfer to inland regions. Pre-
vious acrosol studies have revealed that air masses coming
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from the mid-latitudes and the sub-Antarctic Ocean are
sporadically transported towards the inland plateau and
even reach South Pole (Bodhaine and others, 1986). These
“sodium storms” bring large quantities of sea salt to the
central ice sheet.

These events are most frequent in late winter/early spring,
accompanying the breakdown of the circumpolar vortex
(Shaw, 1988). Hogan and others (1990) recognized that the
large quantity of maritime aerosols is associated with large-
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scale increases in temperature. Meteorological evidence
shows that the precipitation season over West Antarctica is
mainly during October—December (Schwerdtfeger, 1984).
The route of transport for these air masses towards the South
Pole coincides approximately with the route of the ITAE, and
the “storm events” season occurs at the same period the ITAE
team passed through West Antarctica. It is therefore not sur-
prising that the sea-salt ions (C1, Na*, Mg”?" and ssSO,*")
show high concentration in the West Antarctic segment of the
route. The concentration peaks at Larsen Ice Shelf, where the
elevation is close to that of sea surface.

At the other end of the I'TAE route, the concentration of
the sea-salt ions decreases. If the precipitation to this region
is mainly derived from the adjacent ocean, i.e. the South In-
dian Ocean, the concentration of ClI, Na® and Mg2+
should increase. Apart from a very narrow strip in coastal
East Antarctica, water vapor in the regions of East Antarc-
tica above 2000 m a.s.l. has clearly not come from the South
Indian Ocean. It is probably derived from the vapor chan-
nel from the Ross—Bellingshausen—Weddell Sea towards the
interior, especially from the Weddell Sea direction. Evidence
for this inference is as follows:

(I) The central part of the East Antarctic plateau, where
the altitude is over 3000 m, is dominated by a polar cold
high pressure all year round. This is an effective obstruc-
tion to air masses from the South Indian Ocean intrud-
ing up to the inland plateau.

(2) The elevation is low in the coastal regions of East Ant-
arctica, but increases sharply inland. It rises to
>2000ma.s.l. in a distance of a few tens of km. The
rapid topographic change favors the formation of oro-
graphic precipitation, and thus leads to a loss of impuri-
ties from the narrow coastal regions of East Antarctica.
As noted by Delmas and Boutron (1978), deposition of
coarse-sized sea-salt acrosols in Antarctic snow rapidly
decreases with distance inland or elevation, and com-
prises only about 10% of the total sulfate deposition at
inland sites in Antarctica.

(3) The fluxes of CI', Na* and Mg*" display a decreasing
trend from west to east in section M of the ITAE route
(Fig. 3), indicating that sea-salt aerosol is mainly derived
from the direction of the Weddell Sea. During transport
from the coastal ocean area towards the South Pole,
large particles tend to deposit in the initial segment of
the route, leading to high concentrations and fluxes of
sea-salt ions, such as CI*, Na™, Mg2+ and SSSO427. But
in section M, few large particles remain in the air, and
the aerosol amount largely decreases. The fluxes of the
four ions decrease eastward. In fact, the interior of the
Antarctic Plateau is one of the driest regions on Earth.

(4) Ca®" does not show an eastward flux decreasing in the
interior plateau. Except for a few high values, Ca’®" concen-
trations are very low and maintain a rather constant flux
level in section M. Remote continental areas are believed
to be the main sources of Ca®* in snow of the East Antarctic
plateau. The low values of Ca®" in snow of the interior
plateau represent background values for Antarctica.

High values of calcium in section W can be partly attrib-
uted to sea salt. Extremely high values are formed close to
the bare rocks or mountains along the ITAE route. For in-
stance, widespread bare bedrock and nunataks over the
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Larsen Ice Shelf are responsible for the high concentrations
of Ca”" in this region. Also, calcium content at site 39 is 10—
20 times higher than at the adjacent sites, because site 39 is
located downwind from Patriot Hills.

Sources of nssSO,* are complicated. They may include
crustal, volcanic and anthropogenic as well as marine biotic
sources. In Figure 4, nssSO,” shows high concentrations in
interior Antarctica and a constant distribution of fluxes over
that segment of the route. This is quite similar to the distribu-
tion of Ca*" fluxes, which implies that their distribution in
the atmosphere over the high Antarctic Plateau is uniform.
Because of the high altitude of this segment of the route
(>3600 ma.s.l) we suggest that the majority of Ca®" and
nssSO,” may be derived from the upper troposphere.

CONCLUDING REMARKS

Direct observational and instrumental records in Antarctica
are relatively scarce and cover a very short history. Any
study of the spatial and temporal complexity of the climate
system over this isolated continent is worthwhile. Up to now,
the recovery of surface snow samples and ice cores has
clearly been insufficient to cover the entire Antarctic conti-
nent, and this has obstructed the interpretation of even its
most recent (decades to centuries) climatic and environmen-
tal history. Fortunately, the International Trans-Antarctic
Scientific Expedition (ITASE) has had as a primary aim
the improvement of the coverage. Future studies across the
ITASE traverse net covering the whole continent will pro-
vide more detailed information on surface snow chemistry.
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