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ABSTRACT. De tai led ionic ana lyses of Dyer Plateau sno\\' show that major 
solub le impur ities in snoll' consist of sodium (Na + ) , chlori de  (Cl ) , nitrate (N03 ) , 
sui fa te (SO/ ) , and acid i ty (H + ) . The ra rios of 1\1 a -+' to Cl concen tra tions are close to 
that of sea water, ind icat ing l it t le or no fractionation of sea-salt aerosols. Thc analyses 
of core sections from three sites along a 10 km transect show that local spatial variation 
of snOI<\, chemistry in this area is minimal and that temporal (decadal, inter-annual 
and sub-annual) variations in snow chemistry are I'ery well preserved. 

Anion analyses of the upper 1 8 1  m section 0(' two 235 m ice cores y ield a data set of 
485 years ( 1 505- 1 989) of annual snow accumulation and fluxes of C l  , N03 and non
sea-sa lt (nss) SO l 2  . No significant long-term trends are obsen'ed in any of the anion 
fluxes. This is consistent \\' ith other Antarc t ic ice-core records sholl' ing no significant 
alllhropogenic atmospheric pollution in the high southern latitudes. Linear regression 
analysis shows that Cl nux is independent of snow-accumulation rate. Significant 
posi til'e correlations are found between accumulation rate and bo th N03 nux and 
background IlSS-SO 12 flux. These results suggest that dry deposition is primari l y  
resp()Ilsible for ai r-ta-ground Cl f lux whi le wet  depos it ion dominates the N03 and nss
SO/ f lux (;0::90% and ;0::75%, respectil'Cly). The nss-SO/ Duxes provide a chronology 
of explos ive I'olcanic emissions reach ing the Antarctic region for t he past 485 years. 
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Ice cores from Antarctica and other permanent ice bodies 
in the world provide abundant information on paleocli
mate and the history of atmospheric composition 
(Delmas, 1 992). In Antarctica, concentrations of'sol uble 
chemical constituents in snow reflect the composition of 
atmospheric aeroso ls (Legrand and Delmas, 1984; \ \'agen

bach and others, 1 988). Howel'er, 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 atmospher ic concentrations must be 
investi gat ed carefully . Ideally, quantitatil'C transfer ['unc t
ions should be estab l ished ta properly infer atmospheric 
conditions from resu l ts of ice-core analyses. Furthermore, 
deposition processes and the atmospheric history of aerosol 
constituents may vary spatially (Shall', 1989); therefore, 
interpretation of ice-core resu l ts may requi re location
speci fic transfer functions. 

Amundsen-Scott 

During t he period 1 988-90, a su i  te 0[' 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 sou them base (Fig. I). The core collection on Dyer 
Plateau is  part of an ongo ing errort ta characteri ze the 
glac iologic and the c l imatic 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. AJap oJ the Alltarctie Peninsula region showillg the 

location o.f Dyer Plateall and other ice-core locations 
mentioned ill this work (Dolleman /sland and Siple 

Station) . 

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

Presented here are the results of chemical analyses of' 
Dyer Plateau ice-core samples. The goal of this study IS 



t\l'o-fold: (I) to characterize the natural spatial \'ariabilit�, 
of the snow chemical composition and (2) to assess the 
utility of ice-core records ri'om this location as a tool for 
reconstructing the paleoel1\'ironmental history of this 
region. To examine the spatial \'ariability of sno\\' 
chemistry, sections of ice cores co\'ering the crest area of 
the plateau were analyzed and the results of the chemical 
anal�'ses are compared. The 485 year histor\' of annual 
net accumulation and anion fluxes \\'as 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, I) , The crest of the pia teau ( 70040' S, 
64"5 2' \\', ele"ation 2002 m a . s ,! .) is approximately 
150 km west of Dolleman Island which lies along the 

west coast of' the \\'eddell Sea (Fig. I). lnlhe 1988/89 and 
1989/90 austral-summer field seasons, se\'eral cores of 
\'arious lengths (5 0-235 m) were drilled at three sites 
along a 10 km east \\'est transect across the ice di\·ide. All 
cores were drilled and handled in the field with stringent 
contamination-control procedures (rduh-aney and Peel, 
1988); and, after being transported fi'ozen to ice-core 
processing facilities, the cores were stored at 30' C prior 
to the anah'ses, 

Scope of study and analysis 

To stud\' snow chemical composition and its spatial 
\'ariability, one core from each of the three sites \I'as 
selected, Samples from one continuous section (4 5m in 
length) in each core were analyzed for ionic concentrat
ions, and the oxygen-isotope ratios (8180) \I'ere measured 
on all of these cores to assist in dating, Table I pro\'ides 
information on the core sections analyzed, the sampling 
scheme and the dating of the sections, 

Continuous measurements of anion concentrations 
ha\'e been conducted on the top 112 m (dated .\D 1 76 1  
1989) of a 235m core (Cl) and on part ( 1 07  181m, ,\1) 
1505 1784) of another 235 m core (C2) drilled I m away 
from core Cl , The relati\'ely high annual sno\\'
accumulation rate of 450 mm w.e. allowed analyses of 6 
15 samples per year. A total of3 850 samples \\'as analyzed 
to produce the 485 year record, 

Sample preparation and analytical procedures 

All sno\l' and icc samples \\'ere decontaminated prior to 
chemical analysis. A pre-cleaned band-sm\' \\'as used to 
decontaminate firn cores by remo\'ing a 20 mm thick 
layer from all exposed surfaces, Below the fim/ice 
transition \I'hieh occurs between 5 5  and 60 m, ice samples 
\\'ere washed \\'ith ultra-pure deionized \\·ater. A proced
ural blank (frozen ultra-pure deionized \\'ater) \\'as 
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 
( 100C) \\'ork room, The decontaminated samples \\TIT 
melted at room temperature in scaled plastic (poly-
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Table 1. The three drill siles 011 p)'er Plateall are localed 

along a /0 km easl-wesl /rcwseet across the ice divide, Olle 
seclioll of each rif the Ihree cores ll'as selecled 10 correspolld 
10 Ihe decade 1950-60. based all jJrelimill{[I)' deplh age 
eslilllales. Dalillg was accolII/Jlished �)' cOllllling (5180 alld 
SO 12 �)'c!es ji-om the lop rif e([clt core, ,\ 'oll-sea-sall sllfjale 

calmlalioll is according to Equalioll (/) alld t/ie J\'a + / 
SO 12 ralio ill sea Il'aler (see le\l) 

Depth m) 
No. of samples 
No, oC years 

Date 
Dating method 

Annual accum
ulation 
(cm \\'.e,) 

//'esl <--- Cresl --; Easl 

ru 

27.5 32.0 
65 
6,0 

1951 56 
151110 

55 

(ice di/'ide) 

Cl 

25.0-30.0 
57 
7.2 

1953 59 
151110 and SOl2 

40 

E-f. 

27.0-32.0 
67 
5 , 7  

1958-63 
15 III 0 

56 

A \'('rage concen tra tions !Leq u I I) 
Cl lA8 IAO 1.09 
i\'03 0,52' 0.38 OA4 
SOl2 0,65 0,65 0.75 
i\a + 1 .00 1 . 1 0 0,88 
K+ 0.10 0.09 0,15 

nss SO 12 0.53 0.52 0.64 

Na + /el 0.74 0.82 0 ,83 
8# 0, 1 6  0, 1 5  0.13 

, 57 uncontaminated samples (8 of the 65 samples \\Tre 
contaminated Iw laboratory standard solutions during 
analysis and therefore not included), 

# Standard de\·iation. 

ethylene) containers and \\TIT analyzed in a class-lOO 
clean-room laboratory immediately after melting, 

All cation and anion measurements \\'ere made by ion 
chromatography, The analytical procedures for the 
measurements of anions (Cl, N03 and SOI2 ) hm'e 
been described else\\·here (f\Iosley-Thompson and others, 
1991), For the cations, a combination ofDionex FAS SEP 

CATIO:\ I and IT columns was used \\·jth an eluant oC 
3m\1 DAP Idiaminoproponic acid in 10m\1 HC!. A 
cation micromembrane suppressor column (Dionex) \\'as 
regenerated continuously \\ ith a solution of 1 0  mf\l KOH. 
The column combination and a column-switching tech
nique allo\\' simultaneous determination of sodium (:\fa +), 
ammonium :\H 1+ ) ' potassium (K + , magnesium (.\lg2+ 
and caleium (Ca2+) ions, HO\\'C\'er, the \Ig2+ and Ca2+ 
concentrations of most samples \\Tre below the detection 
limits of this analytical method �20 f.Lg I I ) , As discussed 
by other authors (Saigne and others, 1987; tdukaney and 
Peel. 1988, the laboratory measurement of :\HI+ in 
Antarctic sno\\' is subject to serious contamination from the 
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d issolu tion of J\"H3 in ambient air. Although an effort \\'as 
made to control the exposure of melting samples to the 
laboratorv a tmosphere, t he  J\"H� + data  are not considered 

contamination-free and are therefore not reported here. 

For typical concent rations (0.2-2 .5  J.teq u l  1) of �a + ,  
Cl , 1'\03 and SO 1

2 , the analytical error of measurements 
is 1 0% or less, with negligible proced ural blank values. Due 
to ex t remely la\\' concentra t ions (;::::0 . 1 f.lequ l 1). K + 
measu rements carr), an error of abou t  1 00%. 

RESULTS 

Dating 

0" 
. ' s: I80 Annual cycles of S 1- concentratIons and those of u 

are very well preservcd a long t he entire dep th  of all cores 
(F ig. 2). Therefore, all cores \\'ere dated by cou n t ing 
ann u al cyeles in cont inuous 6180 and/or S042 concen
t ration pro f i les. A "year" is defined as the firn or ice l ayer 
b d· ·· · s: I B O SO 

" 
et\l'een two a Jacen t  minima JJ1 u o r  .f-

concen tra t ion. The t hickness of that layer is com'erred 

to water equ i \'alen t using density measurements  along the 
core and represents net  accumulat ion i n  t h a t  year. 
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Fig. 2. All example oj the well-jJl"eserved seasollal 

variations oj 8130 and 50/- ill a seetioll oj a D)'f) 
core (core 11']; see Table I Jar details). The core is dated 
b"J' cOllllting 6180 c),cles Jrom the to/) oJ the core, assllming 
that 6180 and 50/- nUl\ima oaul" in the austral 

summer. 

For the mos t recent 200 years, the  d at ing errors are 
negligi ble. as indica ted by the  accura te da t es for se\'eral 
known \'olcanic horizons (e.g. Tam bora in .\0 1 8 1 6). 

No analyses were made on either core C I or core C2 
below 18 1 m  due to \'Cry poor core q uality. Core C2 suffers 

from poor core quality (probable loss of ice du ring drilling) 
between 1 1 2 and 1 30 m (AD 1 706 63). In  core C2 t he 
da t ing below 1 1 2 m was re fined by comparing prominent 
SOl2 horizons, believed to be volcanic, with t hose in a 
well-da ted core drilled in 1 985 a t  S iple Stat ion ( F ig. 1 )  a t  

t he base of the  Antarctic Peninsu la (�Iosley-Thompson and 
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others, 1 99 1 ) . Prominent \'olcanic e"ents in the Over cores 
match those in the Siple Station core very wel l  (Thompson 
and others, 1 994) . The accumulated da t ing uncertainty at 
485 years is estimated to be ± 3 a. 

Layer-thinning correction 

As w i t h  all ice cores, annual sno\\' layers a t  Dyer t hin as 
t hey are buried under successive new snowfalls and are 
s t re tched d ue to the ou tnow of ice from the ice divide. A 

complementary geophysical s t udy a t  t he  Dyer ice-core 
sites prO\'ides information about the  characteristics of t he  
i c e  [lO\l' (personal com m u n icat ion from C. Raymond and 
ot hers, 1 994). This allows t he  annua l  l ayer th icknesses or 
net annual accum ulation to be corrected for th inn ing a t  

depth (Thom pson and others, 1 994), a s  sho\\'n i n  Figure 

3. I n the 1 1 2- 1 30 m section of core C2 where s igni fican t 
core loss was encountered, i t  \\'as d i fficult to determine 
accura tely annual layer th icknesses. Da ta  for this section 
a re not shown in Figure 3; instead, a l inear ext rapolation 
of t he t hinning curve for th i s  sect ion ( 1 706-63) i s  

presented and subsequently used in t h e  annua l-nux  

calcu la t ion (see Figure 3 and capt ion). 
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Fig. 3. Ice flow thins the thicknesses of old anllual la.,)lers. 

This graph shows the ratios oJ annual l(l)!er thicknesses 

[oneeted jor thinning over the measured Icl)'er thicknesses in 
cores Cl and (;2. The shaded area illdicates the /Joor
qllali�J' section oJ the core. The dashed fine represents linear 
regression Jit to the data, wltich is used ill the flux 

calculatioll Jor tlte poor-quality section. 

Calculation of nss S042-

On Dyer Pla teau, t he ext remely low concentrat ions of 
insolu ble d ust (Thompson and others, 1 994) indicate the 
lack of continental-dust aerosols in the a tmosphere and 

hence in the snow. This leads to the assumpt ion t h at the 
only important source of  Na + i n  snow is sea-sa l t  aerosol; 
the refore, t he non-sea-salt parr of SOl2 i n  total SOl2 

may  be estimated t h is way: 

(1) 



\\-here R"a = 0_12 is the ratio o[SO 12 to Na + in bulk sea 
water. For the spatial-I-ariability study, \\-here 1'\a + 
measurements are al-ailable, nss-SO/ concentrations 
are calculated according to Equation I i. and are 
presented in Table I. 

As will be discussed later. the ratios of:\a to Cl 
concentrations in sno\\- adhere closely to that of bulk sea 
water, so it is probable that nearly all Cl in the sno\\' is 
deril'ed from sea salt. Consequently, nss SO 12 may be 
calculated using the SO/ /CI ratio in sea water 
(Rcl = 0.103): 

nss SO}- = SO}- -RC! x Cl- . (2) 

Since only anion concentrations were measured In the 
181 m section o[cores C l  and C2, Equation (2) is used [or 
nss-SOl2 !lux calculations I\·hich are in turn employed in 
the annual time series of nss SO .. 2 for the last 485 years. 

Flux calculation 

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

FLUX(gcm-2) = 

CONCENTRATION(gcm-:l) x SAl\IPLESIZE (cm) (3) 

in which sample sizes represent accumulation in water 
equil-alent. The sum of the !luxes of all samples in an ice
core year is the annual !lux for that year, or: 

where i denotes indil'idual samples in one year. 
Annual nuxes or Cl , \f03 and nss SO �2 for the 

485 years (1505-1989) contained in the 181 m core section 
hal'e been calculated using Equations (3) and (4). Layer 
thinning affects the annual layer thickness as I\-ell as the 
sample sizes and consequently the calculated !luxes. 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 cheIIlical cOIIlposition 

In the first part of this study , core sections from three 
separate cores/sites are examined for snOl\- chemical 
composition. The time period under discussion here is 
the decade 1950 60. �o major volcanic eruptions or other 
unusual el-ents affecting the atmospheric chemistry of the 
high southern latitudes I\-ere reponed in this period. 
Therefore, the chemical composition of these samples is 
considered to be representatil -e of the prel'alent back
ground snow chemistry in this area. 

AI'erage concentrations of the ions measured and 
other relel'ant data are presented in Table I. It can be 
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seen that K + concentrations arc significantly 101\-er than 
the others and carry a large ( 100%) analytical un
certainty; hence K + is a minor ion in sno\\'. Since no 
other ions are present in concentrations abOl-e the 
detection limits of the ion chromatography methods 

with the exception of H + and HC03 . Table I 
demonstrates that 1'\a + , Cl , N03 and SO/ arc the 
major ionic species in sno\\". Selected meltll"<lter samples 
were measured for pH for a qualitatil-e indication of 
sample acidity (we arc aware or the limitations of pH 
measurements oC meltl\'ater samples). r\ mean pH I'alue 
of 5.3, with a range oC 5.0-5_6. I\ 'as obtained for a large 
number (;::::800) of samples. These pH I'alues suggest that 
H + probably exists in the snOl\- at concentrations 
comparable to those or the olher major ions. 

The ratios of Na + to Cl concentrations in all sno\\
samples (Table I) are close to that of bulk sea water 
0.86). This suggests that sea-salt aerosols m'er the Dyer 

Plateau region hm-e not experienced significant fractiona
lion which would result in lower Na + /CI ratios (Legrand 
and Dclmas, 1988). Together \\-jth data fi'om other 
Antarctic Peninsula locations (1lluh-aney and Peel. 
1988), these results suggest that formation of Hel 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 + 
ha I'e concen tra tions com para ble to those of the major 
anions (Cl , SO/ and N03 ). As discussed IJre"iously, the 
onh- major source orNa + and Cl is probabh' sea salt. Since 
all cations and anions in sea salt must balance ionicalh-. this 
kal"Cs the non-sea-sail major anions (nss SO I � and NO:; ) 
to balance the onh- other cation, H + . This leads to the 
conclusion that the principal chemical compounds from 
non-sea-salt sources are HN03 and H�SOI' consistent I\-ith 
resul ts of sno\\- chemistn- studies in other parts or Antarctica 
(e.g. Legrand and Delmas, 1984). 

Spatial variation of cheIIlistry on Dyer Plateau 

Local spatial "ariations in sno\\' chemistry are important 
when long-term changes in atmospheric composition OI-cr 
a large area arc to be inferred from a single ice-core 
record. KnOl\-ledge or local I-ariability helps in the 
selection of ice-core drilling sites that arc most represen
tati\-e of the location. As pa n of a sun-ey program to 
ide ntify a deep ice-coring site, sel'eral shallo\\' (50 m) and 
intermediate (100 235 m) cores \\-ere drilled in the Dyer 
Plateau area. The ionic concentrations in three cores 
across the ice dil ide are used to assess the spatial 
I'ariability of the snO\\- chemistry. 

"'hen com pa ri ng cores from closel y loca lecl si tes, it 
makes little sense to tn- to match indil'idual samples since 
it is impossible to obtain sno\\- samples deposited 
simultaneouslv, except perhaps when sno\\' samples are 
collected in situ during a precipitation el'enl. El-en 
speci flc yea rs in separate ice cores are d i mcult to 
compare , for the clefinition of the length (or the number 
of samples) of an ice-core "year" is some\\-hat arbitrary 
and the comparison may not be between the same lengths 
of the "year", gil-cn the finite number of samples in a 
year, eyen if the same "year" is being el-aluated. Thus, 
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Fig. 4. Cubic-s/JLille smoothed data are shown Jor (a)  annual acwmulatioll rates, and jluxes oJ ( b )  CL , (c)  N03 - and 
( d) 1155 SO}- Jor the /H/st 485)1ears. The shaded area ill (a)  indicates the /loor-quali£)1 sectioll of tlte core, where 
accull1ulation rates nW)1 be underestimated. The identification of /Jrominent volcanic events in ( d) is based Oil dating and 

comparison with a similar record Jrom SijJLe StaLiofl (M osll!)!- TlLOmjJsofl and others, 1991) . 

sections spann ing se\'eral years arc necessary for appro
priate compar iso n . I n  t he three colum ns of  Table I ,  the 
aver age ionic concentra tions of each core sec tion are listed 
for t h e  t h ree si tes .  Six to seven complete su l fate and 8180 
cycles (years) a re contai ned in each section w i t h  assigned 
dates. S i nce t h e  core sec t i ons were selected assuming 
similar accu mulation rates at all three sites, w h ich are 
qui te d i lferent  (see Table I ) ,  they correspond to di fferent 
t ime i n tervals (Table I ,  row 3 ) .  Noneth eless, t h e  large 
number of samples in each section ensu res t h a t  comp

arison between t h e  scctions or t h e  s i tes can be made using 
a\'eragc co ncentrations and var iances. 

The average concentrations of all ions and Na + lel  
ratios show rather small di fferences among the sites (Table 
I ) ,  even wi th  t he somcwh a t  d i ffere nt  6 year periods cO\'ered 

by t h e  t h ree core sections. T hese small  variances i nd ica te  

t h a t  there is no directional preference for t he deposi tion of 
the ions , i nclud ing the sea-salt aerosols. The exceptional ly 
small \'ar iance of nss SO} , coupled with the fact that its 
seasonal cycles are very regu lar , s trongly suggests that 
deposi t ion of th i s  species is a large-scale a tmospheric 
process and that t here is l i t t le  local i n fluence on or post

deposi tional alteration of i ts s ignal In snow. 
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Accu:rnulation and flux in the last 485 years 

As d iscussed elsewhere (T hompson and others, 1 994) , 

Figu re 4a s h ows that  t h e  net snow-accu mu l a t i o n  rate on 

Dyer Plateau is rela t i vely s t a bl e  over t h e  last  five 

cen t u ries .  Kon e t heless, se\'eral t rends a re d iscern i bl e  in 
t h e  485 year record ,  First , the accumulation rates between 
A D  1 700 and 1 750 (F ig .  4a;  shaded area ) fal l wel l  below 
t h e  485 year average ,  As d iscussed above, the core qual i t y  
i n  t h i s  sec t ion is  ra ther  poor, w h i c h  casts d o u b t  on t he 

va l id i ty  of t h e  reduced accum u l a t ion ra t e .  Resu l t s  from 
o t h e r  Dyer cores curren t ly under ana lys is may confirm or  
refute this period of  low accumulat io n .  Howe\'er , s t ro ng 
pos i t i\'e cross-correlatio n  with the S iple S tation accumu
l a t ion record (Thompson and ot hers, 1 994) suggests t h a t  
t h e  l o w  n e t  acc u m u l a tion a t  t h i s  t i m e  period m a y  n o t  b e  a 

spurious event, b u t  may be more spatial ly extensive 
(Thompso n  and o thers , 1 994) . Secondly , a smal l ,  gradua l 
increase i n  net annual accumulation rate begins i n  the 
la te 1 9 t h  centu ry and lasts to the present. Over this 
in terval t h e  ann ual accumula tion i ncreases from an 
average of 43 to about  52 cm w.e .  a 1. Similar  increases 

in other  ice-core records from the Antarctic Peninsu la  



i nd ica tc  tha t  the  t rcnd may be \\' idesprcad in t he  rcgion 
(Thom pson and o thers, 1 994) , 

Th i s  sma l l  i nc rease i n  annua l  accumu la tion since the  
l a te 1 9 t h  cen t ury may account  [or  the  concurren t s l i gh t  
incrcase i n  t he  ;\l0J and nss-SO l 2  ( ]uxcs i n  t he  same 

t imc period ( Fig, +) , :'\0 t rcnd i s  apparcnt i n  Cl , F rom 

1 700 to  1 760, a l l  t h rcc an ion spccies cxh ibi t bel 011'
a\Trage f l uxes; hO\l'C\'er, t h i s  probabh' reflects the  loss of' 
ice in t h is sec t ion of t he  core (zero concen t ra t ion and f lux 
for lost ice) , 

A mong t h e  t h rce an ions ,  Cl sholl's t h c  largest 

temporal \ 'ar iabi l i t )' ,  wh ich  suggest s  t ha t  sca-sa l t  dcpos

i t i on reflects t he  sporad ic  i n t rusion i nt o  the Dyer P la teau 
area of s\'nop t i c  a i r  masses con t a i n i ng sea-sa l t  aerosols ,  
The n i trate f lux i s  rel a t i \'C ly  cons tant  for t he en t i re t i me 
period ,  as the  l a rgest annua l  :'\03 f l uxes a re only t \l' ice 
thc a\'eragc, This i m plics t ha t  t hc  sourccs of N O:l in t hc  

a tmosphere arc probably q u i te stable from yea r to  \'ca r 

and on thc t ime-scale of ccn t u ries ,  I t  is a l so clear tha t  t hc  
depos i t ion of NO:; i s  no t  s ign i fi ca n t l y  a fTccred b\' 
fluc l l lat ions in loca l meteorolog ica l  cond i t ions,  The nss
SO 12 [ l ux profile is characterizcd by l arge peaks 2 j 
t imes abO\ 'C t he  backgro u nd le\'e l .  These peaks represent  

se\'eral knO\\'ll and suspected \'olean ic  erupt ions i n  the  las t  

485 years (Thompson and o thers, 1 994) , as ind ica ted i n  
F igure 4d ,  A deta i led d iscussion of t he  nss-SO 12 \ 'olean ic  
ch  ronology \\'i 1 1  be presen ted elsell 'here, 

Dry vs wet deposition of anions 

An cxamina t ion of' the  rela t ionsh i p  bct \\'een the  net 
accumu la t ion rate and the  ionic f lux may 1'('\'('a l char
actcr is t i cs of' the processes by \\' h i ch  spec i fic a t mospher ic 
chcmica l  species a re depos i ted on to the snO\\' surfacc 

(Da \ ' idson, 1 989 ) , An a tmospheric consti t ucn t ,  as ei thcr  

part i cu la tc  or' gascous aerosols, may bc  i ncorpora ted in to  

or s ca  \Tngcd by 11'£1 ter  d roplets or snoll' grai ns and  bc  
d e pos i t ed as a d i rec t  res u l t  o f  p rec i p i ta t i on ( wct  
depos i t ion ) : or the a tmospheric species may l�d l \\'i t hou t  
accompanying prec ip i ta t ion (dry depos i t ion ) , I n  t he  case 
of wct deposition ,  t he  [l ux can be cxpec tcd to  be 

proport ional l\· rela ted to t h c  amount  of' prec ip i ta t ion or 

accu mu la t ion ,  COlwersely,  the flux by  d ry dcposi t ion 
should be i ndependent of t he  accumu la t ion ra tc ,  Thus, 
the rela t ionsh i p  bctween flux and accumu la t ion ma\ be 
descri bed s imply as 

(5 )  

\\'hcre F" and F\\' represen t d ry- and \\ et-depos i t ion flux .  
respect i \'C l y ,  An i s  the  sno\\'-acc umu la t ion ra t e ,  The 
parameter b i s  rela ted to the sC<I\ 'Cnging effic iency of an 
a tmospheric speci cs by prec ip i t a t ion and should be 

conslan t  undcr given a tmospheric cond i t ions, I f' t hc [lux 

p lol lcd as a funct ion of' accumu la t ion i s  a s t raigh t l i ne .  thc 
i n tercept of the l i ne should bc t hc  d ry-depos i t ion part of' 
the fl ux,  A pos i t i \'e s lope of the stra igh t  l i ne  \\' CHIId 
i nd ica te  t h a t  the dcpos i t ion i s  dependent on prec ip i ta t ion 

(wct deposi l ion ) ,  
The annua l  f l uxes of' Cl , :'\03 and nss SO l2 are 

p lo t tcd in F igure 5 as func t ions of t he  annua l  net 
accumu la t ion rate reconstructcd [i'om t he ht \'C r th ick
nesses, Beca use f lux i s  cale u la ted as the product  of both 
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Fig, 5, AlIlIlIaljlu \f.\ �l ( a )  (;/ , (b)  NOI - alld (e) 11.1,\ 
SO 1 2 - are sholl'l! as jilllcliollj oJ r/llllllal lIel a({,lIl/1ulalioll, 
FIll \ ( ill pg 0/1 2 a I )  alld aCClIlI/lIlalioll dolo jar Ihe 

pniod 1 706-63 l( 'ere relllol'edji'olll l/ie data sel dlle 10 poor 

core qllali{J', Circles ill (c) represfIIl kllOll'lI alld sllspecled 

l'olcallic),fr/I'J and lite das/ied lilies are lillear-regress iolljil.) 
10 , . ", , , dala , 

concen t r<l t ion and aecu m  u la  t ion, thcrc is a tendcncy for 

the slope to be pos i t i \c, The dashed l i nes i n  Figurc ;) 
represent the leas t -square l inear [ i t s  t o  the  da ta , 

A l l  t h rcc l i near f i t s  exh i b i t  posi t i \'C s lopes. s ugges t i ng 
t h a t  t he  deposi t ion of a l l  t h ree species is some\\'ha t  
dcpendent  on prcc ip i ta t ion ,  How('\'Cr, therc are  s igni li

can t  d i fTcrenccs among the p lots , For exam ple, the l i near 
rcgression l ine for :\T03 shO\\ s thc  best l i t  to the  d a ta ( t he  
corre la t ion coeffic ient  is 0 , 74; see Table 2 , Th i s  is  a 
st rong i nd icat ion t h a t  HNO:1 aerosols sc\,\'(' as efT ic ien t  
condensa t ion n uc le i  or t ha t  t hey a rc efTicien t l y  sca\,( , l lged 
by precip i t a t ion ,  The l inear fi t to �03 f lux has t he  
smal lest i n terccpt (0 , 1 0 3  �lg CI11 � a ' ) , suggcst ing tha t  dry  

depos i t ion contr ibu tes Icss than 1 0% o f '  the  a\'(rage �03 ., , 
f lux ( 1 , 06 pg cm - ) deposI ted annua l ly ,  

Sea-sa l t  aerosols a rc genera ted by burst ing bubb lcs 0[' 
ocean spra\', I n  .'\n tarc t ica .  1110st a irborne sea-sal t  acrosol 
q u ick ly  set t l es along thc  coas ta l  areas due  to grm' i ty 

Legrand and Delmas ,  1 985 ) , Dricd sea-sal t acrosol 

part i c les in t h c  dn' An tarc t i c  a t mospher e  arc not 
cons idercd good condensat ion  n u cl c i ;  t hcrefore, t h c  
amount  of Cl in  sno\\' is  not cxpected to b e  s t rongly 
dependent on accum u lat ion ra te ,  As cxpccted,  the Cl 
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TabLe 2. Slalisl ical SUI71 I 1 l{/7)' oi t/ze all ll ltal  net  

aCClIlllUlalioll and .flu I dala . as ilLuslraled ill Figure 5. 
Dala I01 1706 63 are excluded, due 10 Ihe probable loss oI 

core durillg drilling. ra/ues ill jJarelllheses are ohlained 

(ifler cOlIsjJiclIOllS 1'0lcallir )lears are reI/lOl'ed ji'olll Ihe dala 
set 

Linear regression vs accumulalion 

Average 8# Slope InlercejJl / 

Acc u m u l a t ion 44.9 9.69 
(cm H�O a I )  

C hloride 1 . 33  0. 5·� 0 .03 0 . 2 1 0 .4 1 
( �Lg em 2 a I ) (0 .04) (0 . 1 9) (0 .4 1 ) 

N i trate 1 . 06 0.28 0 .02 0 . 1 0  0 . 74 
(0 .02 ) (0 . 09 ) (0 . 74) 

�ss s u l fa t e  1 .88 0 . 8 7  0 .02 0 .20 0 .45 
(0 .02 )  (0 .38 ) (0 .56) 

# Standard deviat ion .  
* 

Correlation coefT ic ien t . 

da ta  sho\\" a large scat ter  i n  Figure 5 a  and t he corre la t i o n  
be tween Cl f lux and  acc u m u l a t i on  i s  ra t h e r poor 
(1' = 0.42 ) . I n  r�1 C l ,  e\"('n the weak corre l a t ion may refleCl 
the bias toward a pos i t i \'e corre lat ion res u l t i ng from t h e  

fl ux  calc u l a t ion,  a s  disc ussed above. 

The case of nss SO f2 is more complicated t h a n  t h e  

o t h e r  t w o  species. AI t hough t h e  nss-SO [ 2  n ux , s i m i l a r  to 
Cl , appears to be poorly corre l a tecl with accum ulat ion 
(1' = 0.45;  Table  2) ,  i t  i s  probablc t h a t  large i n p u ts [ "rom 
explosi \"(' \'o lcanic sources d i s tort  the norma l  nss-SO [� 
depos i t ion-acc u m u l at ion rel at ionship .  W h e n  years wi t h  

h ig h  nss-SO 1 2  f1 uxes [i'om knoll"n and suspected \'olca n i c  

erupt ions a r c  remo\"('d fl'om t h e  d a t a  s e t ,  t h e  correla t ion 
bet ween t he remai n i ng nss- SO 1 2  fl u "  and acc u m ulat ion  
i s  s igni f ica n t l y  i m p roved , w i t h  '}" i n c reasi n g  ri"om 0 .45 to 
0 .56 (Table 2) . By contras t ,  remO\"al or- t h e  \"olcan ic  years 

does not  res u l t  i n  a s igni fican t  c h a nge i n  ei t her t h e  N03 

or C l  regress ion res u l t s  (Table 2 ) .  The nss-SO 1 2  
i n t ercept a l so i n c reases from 0 . 20  to 0 .38 �Lg cm 2 a 1 

w i t h  t h e  remo\'al o [ " \'olcan ic years. This \\'ou l d  mean t h a t  
i n  non-volcan ic  yea rs , o n l y  25 '10 or 0 .38 � g  cm 2 a 1 of t h e  " " 1 • I1SS-S0 1- n ux (a \'erage: I .88 pg c m  - a ) ma \. be a t t n  b-

u ted to dry deposi t ion . 

CONCLUSIONS 

T h e  SI10\\' chemis try on D yer Plateau is dom i n a t ed by t h e  

presence of N aCI ri'om sea-sal t  aerosol ,  and n i tric a n d  

s u l f 'uric acids from gaseous a t mospheric aerosols,  Th e  

loca l spa t ia l va ri a b i l i ty in  snow chem istry is remarka bly  
smal l  a nd t h e  tem pora l \ 'aria t iolls a rc \\'CI I  preserved i n  
sha l low and i n t ermed i a te i c e  cores; t herefore, e"cel lent  
and spa t i a l l y  represen t a t i \'e records call be expected [i'om 
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fu t u re deep ice cores . At t h i s  loca t ion,  su l fur ic  and I l l t n c  
a c i d s  a re depos i ted main ly  by wet p rocesses (c loud 
condensa t ion  a n d  sca\·engi n g) . I n  con t ras t ,  the Cl 

d e pos i t i o n ,  most  proba b l y  asso c i a ted w i t h  sea-sa l t  

aerosol pa rt i cles, i s  l a rgely ind ependent  o f  preci p i t a t i o n .  
The a n n u a l  t i me series of Cl  , NO�{ and n s s  SO/ 

from AD 1 505 to 1 989 show no s ignif icant  t rends.  Th us, 
the Dyer Plateau record is consislen t w i  th pre\' ious ice

core-derived h istories ( Delm as, 1 992)  which i nd i ca te no 

s i g n i fic a n t  a n t h ropoge n i c a l l y  prod u ced a t m ospher ic  
pol l u t io n  in  t h e  h i gh l a t i tu des of t h e  Southern H e m i
sphere. 
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