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ABSTRACT. D e ta il ed IOni c a n a l yse~ o r D ve r Pl a lea u sno\\' show lh a t m aj o r 
so luble impu rili es in snoll' co nsisl o r sodium (Na +) , chl orid e (C l ) , nitra te (~03 ), 
sulra te (SO ,2 ) , a nd acid i ty (H +) . The ra ti os 01':\ a + to C l co ncenrra ti o ns a re close to 
th a t o (' sea wa te r , indica ting little o r no frac ti ona ti on o r sea-salt ae rosols. The a na lyses 
o f co re sec ti o ns from three sites a long a 10 km tra nsec t show th a t local spa ti a l I·ari a ti on 
of sno ll' chemistry in th is a rea is mini m a I a nd th a t tem por a l (decad a l, inter-a n n ua l 
a nd sub- a nnua l) va ri a ti ons in snOl1' chemistry a re \ 'e ry lI'ell prese n ·ed . 

Anion a na lyses o r th e upper 18 1 m sec ti on or two 235 m ice cores yield a data se t o r 
485 yea rs (1505 1 ~89 ) or a nnu a l snow acc umul a ti on a nd flu xes of Cl , N0 3 and non­
sea-sa lt (nss ) SO , 2 . :\fo signifi cant long-te rm trends a re obse n -edin a ny of th e a ni o n 
flu xes. This is consistent with o th e r Anta rcli c ice-co re reco rds shOlI'ing no signifi ca nt 
anthropoge ni c a tm os ph eri c pollution in th e hi g h southern la tirud es. Linea r regress ion 
a na lys is shows th a t Cl nux is ind epend ent o r snow-acc umul a tion ra te . Signifi cant 
pos iti ve correla ti ons a rc fo und betll'ee n acc umula ti on ra te a nd both N03 nu x a nd 
bac kground nss-SO ,2 flu x. Th ese results sugges t th a l dry d eposition is prima ril y 
res p ~)Il s ibl e fo r a ir-to-g round Cl flu x whil e II'C t d epos ition, domina tes th e N O :l a nd nss­
SO / flu x (290% a nd 2 75%, res pcc til -e ly) . The nss-SO, 2 Ou xes prOl'ide a chronology 
of ex plos i\'e I'olea ni c emi ssions reachin g th e Anta rcti c region fo r th e pas l 485 yea rs. 
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Ice co res fi 'om A nra rc ti ca a nd o th e r perm a nen t ice bodi es 

in th e 1I'0rld prOl' id e a bunda nt info rm a ti on on pa leocli­

m a te a nd th e hi sto r y o f a tm osph e ri c co mpos iti o n 

(D e lm as, 1992 ). In Anlarc ti ca , conce ntra ti ons o f so luble 
chemica l cO ,ls titu ents in snoll' refl ec t th e co m pos ition 0 [' 

atmos pheri c aerosols (Legrand a nd D elm as, 1984; \\'agen­
bac h a ncl o lhers, 1988 ). H OlI'el'e r, in o rd er to reco nstru c t 

pa leoa tm ospheri c hi sto ry using ice-co re res ults. th e rela t­

ionships be tll'een th e a mounts o f th e chemi ca l spec ies found 

in snOlI' a nd th eir a tm os pheri c co ncentra ti ons must be 
il1l'Cs ti ga ted ca refull y. Idea ll y, qua ntita til 'C transfe r fun ct­
ions should be es ta b lished to properly infer a tm os pheri c 
conditions from res ulls of ice-co re a na lyses . Furth erm ore. 

depos ition processes a nd th e a tm os pheri c hi sto ry of ae roso l 

co nstituents may I'a ry spa ti a ll y (Sh aw, 1989); th erefore. 
int erpreta ti on of ice-co re res ults m ay req uire loca ti on­
spec ifi c tra nsfcr fun c ti ons. 

Amun dsen-Scott 

During th e pe ri od 1988 90, a suite o f ice CO lTS was 

co ll eCled on D ye r Pla teau (Th ompso n a nd o th ers, 1994) . 
loca ted a lo ng th e c res t o f th e Anta rc ti c P e ninsul a 

a pproxima tely ha lfway betwee n th e no rth e rn tip a nd 

th e so u th e rn base (Fig . I ) . The co re co llec ti on on D ye r 
Pl a tea u is pa rt of a n o ngoing effo rt to cha rac le ri ze th e 
g lac io log ic a nd th e c lim a tic regime ac ross th e midd le o f 

th e Anta rc ti c P eninsul a (D o ll em a n I sla nd to D ye r 

Pla tea u to Alexander Isla nd ) . Future long-term ice-co re 
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Fig. I. JJap oJ the All /arctic Peninsula regioll sliol(lillg the 
loca/ioll o.f p ,I'er Platea ll {( lid other ice-core lowtiolls 
mm/ioll.ed ill tltis work ( Dollemall Islalld and Siple 
Statioll) . 

reco rd s fi-o m thi s a rea m ay provide a c ru c ial link be twee n 

clim a ti c hi s to ri es fi-om ice co res drill ed in Anta rc ti ca a nd 
th e clima ti c reco rds fro m South Ame ri ca (Th ompson a nd 
o lhers, 1985 ) . 

Presented here a re th e res u lts of chemi ca l a na lyses o f' 

D ye r Platea u ice-co re sa mples. Th e goa l of thi s stud y IS 
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[\I'o-fo ld: ( I ) to cha rac te ri ze th e na tura l spa ti a l \ 'a ri a bilit ~, 

of th e sn ow chemica l compositio n a nd (2 ) to assess th e 

utilit y of ice-co re records fi 'om thi s loca ti o n as a too l fo r 
reconstru c tin g th e pa lcoe n\'iro nmenta l hi sto ry of thi s 
reg io n. T o exa min e th e spa ti a l \ 'a riabilit y o r sno \l' 

chemistry. sect ions o[ ice co res cO\'(:Ting th e cres t a rea of 

th e pl a tea u were a na lyzed and th e res ults or th e chemi cal 

a n a l ~'ses a re compa red . Th e +85 year hi stor y o r a nllua l 
ne t acc umul a ti on a nd a ni on flu xes \\'as o bta ined from 
a na lyses o f th e up per 18 1 m sectio n of t\I 'O 235 m co res. 

EXPERIMENTAL PROCEDURES 

Ice-core location and recovery 

Dyer Pla tea u is loca ted in th e middle of th e Antarcti c 

Peninsul a (Fig . I ) , Th e cres t o r the pla teau (70"40' S , 

6+ 52' \\', e le\' a ti o n 2002 m a .s. l. ) is a pprox im a te ly 

150 km lI'es t o[ D o ll eman Isl a nd whi ch li es al ong th e 
\\'es t coas t orthe \\'eddell Sea (Fi g . I ) . In th c 1988 /89 a nd 
1989 /90 a ustra l-summer fi eld seasons, se \'e ra l co res o f 
\ 'a ri o us leng th s (50- 235 m ) were drill ed a t three sit es 

a lo ng a 10 km eas t \I'es t tra nsec t ac ross th e ice di\ ·id e . . \ 11 
co re. \I ere drill ed a nd ha ndled in th e field \lith strin gc nt 

conta min a ti o n-contro l procedures (\Iuh' a ney and PecL 
1988 ); and , after being tra nsported fi'ozen to ice-co re 
process ing fac iliti es. th e co res \\'(' re sto red at 30 c: pri o r 
to th e a na h'ses. 

Scope of study and analysis 

T o stud \' snow chemi ca l compos iti on a nd its spa ti a l 
\'a ri a bilit y. one co re [ra m each of th e three sit es \\'as 
sel ec ted. Samples [rom onc continu ous sec tio n (+ 5 m in 

leng th ) in eac h co re \\' cre a na lyzed for io ni c co ncentrat­

ions, a nd th e oxygen-i so tope ra ti os (5180 ) \I'e re m eas ured 

on a ll o f th ese cores io ass ist in d a tin g . T a bl e I prO\ 'id es 
inlo rm a ti o n on th e co re sectio ns a na lyzed. th e sampling 
sc hem e and th e d a ting o f th e sec ti o ns. 

Co ntinuo us m eas urements o r a ni on con centra ti o ns 

ha \T been conduc ted on th e top 11 2 m (d a ted .\1) 176 1 

1989 ) o f a 235 m co re (e I ) a nd on p a rt ( 107 18 1 m , .\1) 

1505 178+ ) o[ a no th e r 235 m co re (C 2 ) drill ed I m a ll' ay 
fro m co re C I, Th e re la ti\ 'e l>' hi g h a nnu a l sn o \\'­
acc umula ti on ra te o f' 450 mm \\·.e . all o \I'Cd a na h'ses o f 6 

15 sa mples per yea r. :\ to ta l o f 3850 samples was a na lyzed 

to produ ce th e 485 year reco rd . 

Sample preparation and analytical procedures 

All snO\I' a nd ice sa mples \lT re d econta min a ted prio r to 
chemical a na lys is. A pre-c lea ned ba nd -sa \\' \I 'as used to 

d econta minate rim cores b y IT m o\'ing a 20 mm thi ck 

la ycr fro m a ll ex posed surfa ces . Belo \l' th e rim /ice 

tran sition \\'hi ch occ urs be twee n 55 and 60 m , ice sa mpl es 
\\'(' re \\'as hed \I'ith ultra-pure d e ioni zed \I'ater . A proced­
u ra l bl a n k (froze n ultra -pu re d eio ll ized \I',ll c r ) \I'as 
includ ed \I'ith eac h ba tch 0 (' sa mples prepared ('o r 

a na lys is. Befo re \\'ashing a nd m elting, all sample pre p­

aration \\'as conducted on a clea n-a ir bench in a co ld 

l 10 C l \I'o rk room. Th e d econta min a ted sa mples \1'C re 
m elt cd a t roo m tempera ture in sea led plas ti c (po ly-

D{{i (llId olhfl'.) : Chell/ical alla{J'si.l of D)'eJ' Plaleall ice cores 

T able J. T ile three drill sile:, all D,yer Plaleall are 10(([led 
a/olll', a 10 km msl- wesl Ira llsecl aerOJ:' l/ie ice dil'ide. 0 111' 

seclioll if each of l/ie Ihree core,\ was .Ieleeled 10 corre,\jJo lld 
10 Ihe dewde 1950 60 , based 011 /)I'elimillalJ deplh age 
eslilllales, Dalillg W(O (I((oll/plisherl~)' CO ll lllillg c5

IH O alld 
SO 1 ~ qcle:, jiUIII Ihe IOjJ if each corl' . . \ '01l -5('(/-:,all slIfjale 
(([{(IIla lioll i.l (/aordillg 10 Eqllalioll ( J) alld Ihe .\ (/ + ; 

SO I ~ ralio ill .lea ll'aler (see 11'11 ) 

Depth III 

i.'\ o . o f' sa mples 

N o . oC years 

Date 
D a tin g m e th od 

.\nnu a l acc um­

ul a ti on 

(cm \\" c . ) 

f " 1'.11 <- CrI'" I 
(ia dil 'ide) 

If'} Cl 

27 ,5 32 .0 25 .0 30 .0 
65 57 

6 .0 7.2 

195 1 56 1953 59 
lilllO 6 180 a ncl SO I~ 

55 40 

£-1 

:27.0 32.0 
6 7 

5 .7 

1958 63 
lilHO 

56 

A \'(' rage co ncen rra ti ons /lequ I I ) 

Cl 1.+8 1.+0 1.09 
i.'\ 0 3 0 .52' 0 ,38 0 .+4 
SO l2 0 .65 0 .6.5 0 .75 

~a 
+ 1. 00 1.10 0 .88 

K + 0 ,1 0 0 .09 0 .1 5 

' ) 

nss SO 1- 0 ,53 OS2 0 .64 

N a+ ;CI 0 .74 0.82 0.83 
6# 0.1 6 0 . 1.5 0 .1 3 

* 57 un rontanl in a leci sa nlples 8 of' th e 65 sa nlplcs \\"(, IT 

conta min a ted bv la bo ra to ry sta ndard so luti ons during 
a na h 's is a nd th erefo re no t inc lud ed ). 

# Sta l;el a rd d e\· ia ti on. 

e th ylene 1 co nta ine rs a nd \\'(' re a nal yzed in a cl ass-l OO 
clean-roo m la bora LOI'\ ' imm edi a teh ' a fter me lting. 

All ca ti on and a ni o n m cas urem ents \I 'ere m ad e by ion 

c hrom atogra ph y. Th e a na ly ti ca l procedures for th e 

m eas urem ents o f anions (Cl , N03 and SO l2 ) ha\'C 

bee n d escri beel e1se \\'hcre (\los lcy-Th om pson a nd o th ers, 

199 1 ). Fo r th e ca ti on s, a com bin a ti o n o[ Di onex FAS SEP 
(:AT[O.'\ I a nd II columns was used \I·ith a n elu a n t o f 
3 m;" 1 DAP di a minoproponi e ac id in 10 m'\l HC!. :\ 
ca tion microm embra ne suppresso r co lumn (Di on ex ) \I'as 

regene ra ted continuo usly \\'ith a soluti on of 10 m\ l KOH, 

The co lumn combinat ion a nd a co lumn-s\I'il chin g tec h­

niqu e a ll o\I' simultanco us d etermination of sodium I:'\a + ), 
a mmonium ;,(H 1+ . po tassium E. ~ . magnes iu m .\lg~ + 
a nd ca lcium ( Ca~ +) ions. Howe\'e r , th e .\Jg~ + a nd (:a2

-.. 

co ncentra ti ons o f' mos t sampl es were bclo \l' th e d etection 

limits of' thi s a nal yti ca l m eth od :::::20 p g I I) . As disc ussed 

by oth er a uth o rs (Sa igne a nd o th ers, 198 7; ]\Juh-a ney and 

Pee l. 1988, th e la bo ra tory mcas u remen t of \,H I + in 
Antarc ti c snO\I' is subj ect to se ri ous co nt a mina ti on f'rom th e 
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Dai and ot/un: Chemical alla[ysis oJ D)'er Plateall ice cores 

disso lution 01' :\H 3 in a mbi ent air. AILilOugh a n efIort was 
made to co ntrol the ex posure of meltin g samp les to th e 
laboratory a tm os phe re, th e :\H{ + data a rc not co nsid ered 

contamina ti on-free and are th erefore not reported here, 

For typica l concentra ti ons (0,2- 2 ,5 J.Leq u I ' ) o f' :'Ja +, 

Cl ,1'\03 a nd SO ,2 , the a nal yti ca l error of' measurements 

is 10% o r less, \\'ith neg li g ib le procedural blank va lues , Due 
to ex trem ely lo\\' co nce ntra ti o ns ( ~O ,I J.Lequ l I ) . K " 
meas uremel1ls carry an erro r of about 100% . 

RESULTS 

Dating 

? · '8 Annu a l cyc les of SO ,- coneen tralions and those of {y 0 
a re ve ry well prese l'\'ed a long th e ent ire d epth of a ll cores 
(Fig. 2 ) , Therefore, a ll co res \\'C re dat ed by counting 
a nnu a l cyc les in continuous 5'80 a nd /or SO} co ncen­
tration profil es. A "vea r" is defin ed as th e firn or ice laye r 

I I · ' ··, ';'80 SO'" Jetween t\\'O aCJacen t mll111n a 111 u or .,-

conccntration. Thc thi ckness of th a t layer is cO l1\ 'e rted 

to \ntter eq ui\ 'a lent using d ensity meas urelll ents along the 
core a nd rep resents ne t accumu la ti on in th a t year. 
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Fig. 2, .-JII e.\a17ljJle ~/ t/ie wefl-jJresfl'ved "easollal 
llaria/ions oJ {y'80 and 50/- il7 a sec/ioll oJ a D_J'eI' 
core (co re " ']: see Table I jar details) . The core is da/ed 
b.,J' coun/ing 5'BO ()'eles ji-om /lte /oj) oj /he core, assllming 
tha/ {y'HO alld 50/- 1I1{I\ima oallr ill the alls/ral 

slimmer. 

For the most reccnt 200 yea rs, the dating e rro rs are 
neg li g ibl e. as indica ted by th e accura te dates 1'0 1' se \'Cra l 
known \'olca ni c h o ri zo ns (e,g. Tambora in .\0 18 16) , 

:'-Jo analyses were made on eith er co re C I or co re C2 

be low 181m due to \'('!'y poo r core qu alit y. Core C2 suffe rs 

frol11 poo r co re qualit y (probable loss of ice during drillin g) 

between 11 2 a nd 130 m (AD 170663 ), In co re C2 th e 
dat ing be lo\\' 112 m \\'as refi ned by co m paring prominent 
SO , ~ horizons, belicved to be \'olca nic, with those in a 
\\'C II-d a ted co re drill ed in 1985 a t Siple Station (Fig. I ) at 

the base of the Antarcti c Peninsul a (:-' Ioslcy-Th ompson and 

18+ 

o th ers, 1991 ) , P rominent \ 'o lca ni c e\'ents in th e Dyer co res 
ma tch th ose in the Siplc Station co re very well (Thompso n 
a nd o th ers, 1994). The acc umul a ted d a ting un ce rtaint y a t 

485 years is es tim a ted to bc ± 3 a. 

Layer-thinning correction 

As with a ll ice co res, annual sno \\' layers at D ye r thin as 
th e), are buried under successi\ 'e new snowfa ll s and are 

strc tched due to the outfl ow of ice frOI11 the ice di\'id e. A 
complem ent a ry geoph ysica l study at th e D yer ice-core 

sit es jJro\'id es information about th e characteristics oC th e 
ice /l O\\' (pe rso na l comlllunica ti on li'o m C. R a), mond and 
others, 1994) , Th is a l\ o \\ 's th e a nnual la ),el' th icknesses o r 
nct annua l acc umu la ti o n to be co rrec ted fo r thinning a t 

d epth (Th om pso n and o thers, 1994) , as sho\\'n in Fig ure 

3 . I n th e 112 130 m scc tion or co re C2 where sign ifi ca nt 

co re loss was en counte red, it was difTi cult to d etermine 
accurately a nnu a l layer thi cknesses , D ata for thi s sen io n 
are not shown in Fig ure 3; instead. a li near ex trapo la ti o n 
o f th e thinning cU I'\'e for thi s section ( 1706- 63 ) is 

presentcd and subsequ ently used in the a nnual-flux 

ca lcul a tion (see Figure 3 a nd cap tion ) , 
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Fig, 3. Ice flow thills the thickllesses if old annllal h~)'els, 
This graph shows Ihe ratios oJ (lImual la)ie!' th icknesses 
(onec /edjor thilllling Ol'er /he measllred 1(~J'er /Iz irkllesses ill 
cores (;J alld (;2. The sitaded area illdica/es f/ie jJ oor­
qlia/iO' sec/ion oj /lie (ore , The dashed line rejJreJeJI /.I linear 
regressioll ]if to /h e data . witic/i is used ill /he flU\ 
calCIIlatioll Jar t/ie jJoor-quafi{v sectioll. 

Calculation of n ss S042-

On D yer Pl ateau, th e ex trem el), lo\\' co ncentrations of 
inso luble dust (Thompson and o thers, 1994,) indi cate th e 

lac k of continental-dust aerosols in th e atmosphere a nd 

hen ce in th e snow , This lead s to th e ass umption that the 

onl y im portant source of Na + in sno\\' is sea-sa lt aeroso l; 
th e refore, th e n on-sea-sa l t part or SO ,2 in to tal SO ,2 

ma y be es timatecl this wa),: 

(1) 
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\\-he re R"" = 0 _12 is th e ra ti o of SO 12 to N a + in bulk sea 
\\ -at er. For the sp a ti a l-,-ari a bilit y stud y, \\-he re 0:a + 

m easurem ents a re a , -a ilabl e, nss-SO / co nce ntra ti o ns 

a re ca lcul a ted acco rdin g to Equ a ti o n 1. a nd a rc 

presented in T a ble I . 

:\s will be di sc u sed la ter. the ra ti o,> of \" a + to C l 

co ncentra ti ons in snow adh ere close ly ro that of bulk sea 
wa te r. so it is proba ble that nea rl y a ll Cl in th e sno\\' is 
c1 e ri" ed from sea sa lt. Con sequ('ntl~ · . nss SO 12 ma v be 

. .) 

c a lcul a ted uSll1g th e SO 1- / CI rati o in sea wat e r 

(Rcl = 0.103) : 

nss SO} - = SO} - - Rcl x C I- . (2) 

Since onl y anio n co ncentra ti ons were measured In th e 
181 m sec ti o n o f co res Cl a nd C 2, Eq ua ti on 2 ) is used [o r 

nss-SO 12 flu x ca lculati ons \\'hi ch a rc in turn empl oyed in 

th e a nnu a l tim e se ri es o f nss SO f2 for th e las t -1-85 \·ea rs. 

Flux calculation 

Th e a ir-ra-g ro und flux of a chemi ca l spec ies in a n ice-co re 

sample is ca lcul a ted according to: 

FLUX (gcm- 2
) = 

CONCE NTRATION(gcm - ;!) x SAl\IPLE SIZE (cm) (3) 

in \\'hi ch sample sizes represent acc umul a ti on in water 

equi\·a lent. Th e sum of th e f1ux es o f a ll sa mples in a n ice­

co re year is th e a nnu a l flux fo r th a t yea r , o r: 

(4) 

\\-h ere i d eno tes indi"idu a l sa mples in one year. 

Annual flux es o f Cl ,:-J03 a nd nss SO f2 fo r th e 

485 yea rs ( 1505- 1989 ) cont a in ed in th e 18 1 111 core sec ti o n 
ha \'e bee n ca lculated using Equa ti ons (3 ) a nd (4·) . Laye r 
thinning a flcc ts th e a nnua l la yer thi ckn ess as \\-e ll a s th e 

sampl e sizes a nd co nsequ enLl y th e ca lcula ted flux es . T o 

compensa te fo r thi s eITec t, th e annual flux ca lcul a ted 

accordin g to Equati ons (3 ) a nd (4 ) is multipli ed by th e 

ra tio o f th e co rrec ted (for thinning ) a nnual la ye r thi ckness 
to th e m easured thi ckn ess, as shown in Fig ure 3 . Th e 
thinning-co rrec ted flu x data, al ong with a nnual a cc umu­
la ti o n ra tes, a re shown in Fig ure 4 . 

DISCUSSION 

Snow ch emical compos ition 

In the firs t part o f' thi s stud y. co re secti ons from three 

se pa ra te co res /sites a re exa min ed fo r Sil O\\' chemica l 

compositio n . Th e time peri od und er di sc ussio n here is 
th e d ecad e 1950 60 . i\' 0 majo r \ 'olcan ic eru ptio ns o r o th e r 
unusua l e\T nts a ffec ting th e a tm os ph e ri c chcmistry 0 1' th e 
hi gh so uthern lati tud es we re re po rted in thi s peri od. 

Therefo re, th e chemical compositio n of th ese samples is 

co nsid ered to be represe nt a ti\ 'e o f' th e pre" a lent bac k­
g ro und sno \\' chemistry in thi s a rea . 

A\'erage co ncentra ti ons o f th e ions m easured and 
o th er rele\'ant d a ta a rc present ed in T a ble 1. It ca n be 

Dai alld othm: Chellli{({l alla(),sis oJ J~ )'er Plateall ice (ores 

see n th a t Eo. + co ncentra ti ons a rc signifi ca ntl y 10\\'e r th a n 
th e o th ers a Jld carry a large (100% ) an a l ~ · tical u Jl­
ee rta in t\'; hence K + is a min or ion in snow. Since no 

o th er ions a re present in co ncentra ti o ns a bo\'C th e 

d etect ion limits o f the ion chromatogra ph y m e th od s 

with the except ion of H T and H C O ,; , T a bl e 1 
de m onstra tes th a t 0:a + , C l , ;'\O:! a nd SO I~ a re the 
majo r io ni c spec ies in sno \\". Selec ted m elt\\'a ter sampl es 
we re m easured fo r pH for a qu a lita ti\ 'e indi cati on o r 
sample a cidit~ , (\\T are a wa re o f th e limita ti ons o f pH 

m eas urem ents o f m elt\\'a ter samples ) .. -\ m ea n pH \'a lue 

o f 5 .3, with a ran ge of 5 .0- 5. 6 , was obtained fo r a la rge 
number (;::0800 ) o f' sa mpics. Th ese pH ",dues sugges t th a t 
H + pro b a bl y ex ists in th e sn o \\' at co n ce ntra ti o ns 
compara ble to th ose of th e o th e r m a jo r io ns. 

The ra ti os o f Na + to C l co ncentrati ons in a ll sno\\' 

sam ples T a bl e I ) a re c lose to th a t o f bulk sea \\'a ter 

0 .86 . This sugges ts th a t sea -sa lt ae roso ls 0\'('1' th e Dyer 

Pl a tca u region hm'e no t experi encecl sig nifi ca nt fra cti ona­
tion \\hi ch would res ult in lower Na + / CI ra ti os (Legra nd 
a nd De lm as . 1988 ). T ogether \\'ith d a ta fi-o m o th er 
,\ntarc ti c Pe ninsula loca ti o ns ( ,\1 uh- a ney a nd P ee l. 

1988 ), th ese res u lts sugges t th a t fo rm a tion of HCI from 

Sea sa lt a nd a tm os phe ri c ac ids (m os t proba bl y sulf'uri c 

and nitri c ac id s) m ay be a pheno m enon limit eclto th e dry 
a tmosphere of th e interi o r Ama re ti c contin ent (Legrand 
a nd D e lm as . 1988 ). 

Am ong the cati ons lll eas ured here. onl y H + and ~a + 

ha \'C co ncentra ti ons compa ra ble to th ose of th e maj or 

a ni ons (Cl , SO/ a nd \103 ) . .'\ 5 disc ussed pre\'iously, th e 

onlY maj or so urce orNa + a nd Cl is proba bl y sea sa lt. Since 
a ll cat ions a nd a ni ons in sea salt m ust ba la nce ioni calh-. thi s 
le<1 \,(,s th e non-sea-salt major ani ons (nss SO I~ a nd NO :! ) 
to ba la nce th e onl y oth er ca ti on. H + . This leads to th e 

co nclusion th a t th e prin cipal chemi ca l compounds fl 'om 

non-sea -sa lt sources arc RNO:l and H 2SO I. co nsistent \\ 'ith 
res ults o l' sno\\' chemist ry studi es in o th er pa n s orAnta rct iea 
(e .g . Legra nd and Delm as, 198+). 

Spatia l variation of chemistry on Dyer Plateau 

Loca l sp a ti a l \ 'a ri a ti ons in sno\\' chemistn' arc importa nt 

wh en 10ng-tC'rm changes in atmos phe ri c composition o\ 'C r 
a large a rca a rc to be infe rred from a sing le ice-core 
reco rd. Knowledge o r loca l \ 'a ri a bility he lps in th e 
se lec ti on of ice-co re drilling sites th a t a rc mos t represe n­

ta ti\'e of th e loca ti on . As part o f a sun'ey program to 

id entif\' a deep ice-co rin g site, se" e ra l sha ll o \\' (50 m ) a nd 
illl erm edi a te 1100 235 m ) cores \\'Cre drill ed in th e D ye r 
Pl a tea u a rea . Th e io ni c co ncentra ti ons in three co res 
a cross th e ice divid e a re usecl to assess th e spa ti a l 

\ 'a ri a bilit y o f th e sno\\' chemistn·. 

When compa rin g co res from c lose ly locat ed sites . it 

m a kes littl e sense to tn to m a tch indi\ 'idu a l sa mples since 
it is impossibl e to o bta in sn o \\' sa mpl es d ep os ited 
simulta nco usly, except pe rh a ps \\'hen sno\\' sa mpl es are 
co ll ected in situ during a p rec ipit a ti o n e\·enl. E\'C n 

sp ec ifi c yea rs in se pa rat e ice cores a re dim cult to 

compare, fo r th e d efiniti o n o f' th e leng th (o r th e number 

o f' sampl es o f a n ice-co re ''yea r'' is so m e\\-ha t a rbitra ry 
a nd th e compari so n m ay not be bet\\'Cen thc same leng th s 
o r th e "yea r" . g i\ 'C n th e finit e number of sa mples in a 
yea r, e\'e n if th e sa m e "yea r" is be ing e\·a luated . Thus, 
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Fig , 4, Cllbic-,s'jJlillf smoothed data are s/lOwnfor ( a) allllual aWl/lIlllatioll ra tes, and }lures oj (b) Cl ) (c) NO::, - and 
( d) IISS 5 0 / - for the /)(151 485)'ears, The shaded area in ( a) illdiwtes the /Joor-quali{)' sectioll of the core . where 
(lCCllllllllatioll rates IIW)' be lInderestimated, T he irlmlificat iOIl of jJromillmt lJoLcanic events ill ( d) is based all dat illg alld 

comparison with a similar record from SijJLe Sla tioll (j IJos[e..)I- Th ollljJSOII al/d others, 1991) , 

sec ti o ns spa nning sc\'e ra l yea rs a rc necessa ry fo r a ppro­
pri ate com pa ri son , In the three co lumns or T a bl c I , th e 
ave rage ioni c coneen tra ti ons or each co re sec ti on a re listed 

[or th e three sites. S ix to se\'en comple te sul [a te a nd 8180 
cycles (years) a re conta ined in each sec tion \\'ith assig ned 
d a tes, S ince th e co re sec ti o ns were se lec ted ass uming 
simil a r acc umu la ti on ra tes a t a ll three sitcs , whi ch a rc 
quite difJe renl (see T a ble I ) , th ey co rres pond to different 
tim e in ten 'a ls (T a bl e I , row 3), No neth eless, th e la rge 

number o[ samples in each sec t ion ensures th a t comp­

a ri son be t\\-een th e sections or th e sit es ca n be mad e using 
a \'e rage eoncen tra ti o ns a nd \'a ri a nces. 

The average concentra tions or a ll ions a nd Na + le l 
ra ti os sho\\' rat her sma ll differences a mong the sites (T a ble 
I ), e\'en " 'ith the somew ha t dif1erent 6 yea r peri ods cO\'ered 

by th e three co re sec ti ons. These sma ll \'a ri a nces indica te 

tha t there is no directiona l preference [or th e d eposition or 
th e ions, including th e sea-sa lt aeroso ls. Th e exceptiona ll y 
sma ll I'a ri a nce or nss so} , coupl ed with the fac t th a t its 
seasona l cycles a re l'C ry reg ul a r, strongly sugges ts th a t 
d eposition or thi s species is a la rge-sca le a tmos pheri c 
process a nd th a t there is littl e loca l influence on or pos t­

deposi ti ona l a l tera ti on oC its signa l I n snow. 
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Accuxnulation and flux in the last 485 years 

As di sc ussed elsewhere (Thompson a nd o thers, 1994), 
Fig ure 4a shows th a t th e ne t snow-acc umula ti on ra te on 

D ye r Pl a teau is relati\ 'ei y sta ble o\'e r th e las t u\'e 

centuri es. Koneth eless, se\'er a l trends a re di scernible in 
th e 485 yea r reco rd , First , th e acc umu la ti o n ra tes be tween 
.\D 1700 a nd 1750 (Fig , 4a : shad ed a rea ) fa ll \I 'ell below 
th e 485 yea r a \'erage, As d isc usscd a bo\'e, th e co re qu a lity 

in thi s sec ti o n is ra th er poo r, whi ch cas ts d o ubt o n th e 

\'a lidity o f' th e reduced acc umul a tion ra te , R es ults from 
oth er D ye r cores current ly under a na ll's is may confirm or 
re rute this peri od 01' low acc umul a tion, H owel'C r, strong 
pos iti\ 'e c ross-co rrela ti o n with th e Siple Station acc umu­
la ti on reco rd (Thompson a nd o th ers, 1994 ) sugges ts th a t 

th e low net acc umul a ti on a t thi s time period may no t be a 

spurious e\'ent, but m ay be mo re spa ti a ll y ex tensi\'e 
(Th ompson a nd o th ers, 1994) , Second ly, a sma ll , g radu a l 
increase in ne t a nnua l acc umul a tion ra te beg ins in the 
la te 19 th ('entu ry a nd las ts to th e present. Ol'er thi s 
inten 'al th e a nnu a l acc umu la ti o n increases fro m a n 

a\'erage or 43 to abo ut 52 cm \I' ,e . a 1. Simila r increases 

in other ice-co re reco rds Crom th e Antarc ti c Peninsul a 
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indica te that the trend may b e 'I-id esp read in the region 

(Th om p so n a nd o th e rs, 199 c l-) . 

This small increase in annua l acc umul atio n sin ce the 

la te 19 th ce ntury may acco unt for th e concurrent sli g ht 

increase in th e :\O;j and nss-SO I~ llu xes in th e sa m e 

time p e ri od Fig. + 1. :\0 trend is appa rent in Cl . From 

1700 to 1760, a ll three anion sp ec ies ex hibit bel 011' ­

a\ 'e rage flu xes: h OIIT\"(~ r , thi s prohabh' reflects the loss or 
icc in thi s section or the CO lT (Zl'ro co n ce lllrat ion a nd flu x 

lor lost ice ) . 

Am o n g th e three a ni ons, Cl sh o ll's the largest 

tempora l "ariability, II'hi eh sugges ts th a t sea -sa lt c1epos­

itio n re ll eCls th e sp o ra di c intrusion in to the D yer Pl a teau 

a rea 0 [" s\-n o ptic a ir masses conlain in Q,- sea -salt aeroso ls. 

Th e nitra te flu x is re lalin' I)' co nSlant [or the entire tim e 

period. as till' la rges t a nnu a l ~O 'l fl uxes a rc o nl y tll-ice 

the a\'e rage. This impli es th a t the so urces o f NO:\ in th e 

atmos ph ere a rc probably quite s tabl e fro m \ 'ea r to year 

a nd on th e tim e-scale of centuries . It is a lso c lea r that the 

c\l'pnsition o f NO l is no t s ig nifi ca nt"· afT(: ned b\ ' 
flu ctua ti ons in local meteoro log ica l conditions. The nss­

SO 12 flu x pro rilc is c haracter ized by la rgl' peaks 2 J 
tim es abo\'C the b ac kgro undle l-e l. These pea ks re prese nt 

se \'Cral kn oll'n a nd suspected \'olranic e ruptions in th e las t 

+8.5 yea rs ( rho mpso n a nd oth e rs, 199+) , as ind ica ted in 

Fig ure cJ-cl. .~\ d e tail ed disc uss ion o r the nss-SO 12 \ 'o\c-ani c 
c hro no log)' II·ill b e plTse nt cd l' lsewhere . 

Dry vs wet deposition of anions 

An exam in a ti o n or th e rel a ti o nship be tl l'ee ll the net 

accum ul a ti o n rate a nd the ionic flux mal' n.'\Ta l char­
acte ri sti cs o r the processes h y \I 'hi c h spl'c i[i c a tm os ph e ri c 

c hem ical spec ies arc deposited on to the snO\I' surfi\ce 

(Da\·id so n. 1989 ) . :-\n a tm os ph eri c co nstitu ent, as e ith e r 

partieulate o r' gaseo ll s ae rosols, m ay be in corporat ed illt o 

o r sot,'Cngecl by II'Lll e r dro plets or snOII' g ra in s an d b e 

d eposited a s a direct r es ult o f precipitat io n ( lI'ct 
d e pos iti on ): or th e atmosp h e ri c spl'c ies may l~tll ,,-ith o ut 

accom pa ll\' in g prec ipitation rdry d eposi ti o n ) . I n th e case 

o L II'Ct d epos itio n. th e nux ca n b e ex pected to 1)(' 

proportionally related to th e alllount or precipitation o r 

accumulat io n. Conl·e rse h '. th e flu x b\' dry d epositi o n 

shou ld be ind ependent or th e acc umul a ti o n ratc. Thus. 
the relationship betllel'n flu x and acc umulation m a\- be 

d escribed simpl y a s 

(5) 

,,-h e re F" and F\\' rep rese nt dry- and " e t-d eposition flu x. 
respec ti\ -c l\, . A n is Lil l' s now-acc umul a tion rate. Th e 

parameter b is rel ated to th e sC<\ \Tngin g e fficienc y o r a n 

a tm os pheric sp ec ies by precipitation a nd sh o uld h e 

co ns ta nt uncl er g i, 'C n a tmospheri c conditi o ns_ I f' the (lu x 

plotted a s a function o r accum u lation is a stra igh t lin e . th e 

intercept of the line should h e th e dry-d e pos iti o n part o r 

the flu x . :-\ positi \ 'e slope of the s trai g ht lin e would 

indica te that rhe deposition is d epend ent o n prec ipita tion 

(11'Ct d ep osili o n ) . 

Th e a nllu a l Ilu xes o r Cl ,:\O:l a nd nss SO 12 a rc 

p lo lled in Fig ure 5 as ['uncti o ns of th e annua l n e t 

acc umul a tio n ra te recon stru c ted fro lll th e hI) er thi c k­

n esses . Bl'cause flu x is calc ul a ted as th e product or bo th 

Dai alld 0//11'r,\ '- Chcmiral alla~J'si,\ ~1 /~J'er Pia/call io' rorc.\ 
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SO 12- (IFI' ,1/iOlL'lI asjilllc/iOIl,1 (u-allllllalllel a(,(,lIlIllIla/lOlI . 

FIll \ ( ill pg (Ill 2 a 1 J alld acclllllllla/ioll da/a ./il/· /hl' 
jJeriod 1706 63 l( 'm ' relllol'edji'Oll/ //ie da/a jet dill' /0 jioor 
core qllali{l' . Circle" ill ( c) re/)/'csen/ kllOll'll alld .Ill s/Jer/ed 
l'olr({lIir),earj alld /111' drohed lilll'j are Iillear-regre.lJiollji/.1 
/0 .. ,:, ,, da/a . 

co ncen trat io n a nd acc umulat io n , tllL're is a te ncl e n C\' for 

th e slope to be pos iti l'C'. Th e clashed lines in Fi g ure .5 

re prese nt rhe leas t-square lin ear [its to the data. 

All three lincar fit s exhibil positi \'(' slopes. suggest ing 

that th e d ep os it ion o f' a ll three species is so m ell'hat 

d epcnd e nt o n prec ipitati o n . H Oll-e l-er, there are sig nifi­

cant differences amon g th e plot s. Fo r example. th e linea r 

regress io n lin e for :\0 :\ sholl's th e best fit to th e data ( til l' 

co rrelation coeni c ient is 0.7+: see Tahle 2 . This is a 

s tro ng indi cat io n th a t Hi'\O:1 aeroso ls Se rlT as e fli cicnl 
co ncl e nsa ti o n nu clei o r that th C\' arc dlicil'nti)· sca\Tngeci 

b\' precipitation. Th e linea r fit to .'\O:l flu x ha, lh e 

sm a lleS t inte rcep t (0.103 1Igcm 2 a '), sugges tin g that dn' 

d e positi o n co ntributes less th a n 10 '% or the <i1'C rage :\0:1 

flux ( 1.06 /lg CIll 21 deposit ed annuall)·. 

Sea-sa lt aerosols a rc gC ll era ted b y bursting bubbl es of' 
ocean spra\·. In . \ nt a rn ica, mos t a irborn e sea-sa lt aeroso l 

qui c kh- se lll es a lo ng th e coas tal a reas du c to g ra\' it )' 

L egr a nd a ncl Dclm as, 1985. Dri ed sea-salt aeroso l 

particles in th e dn' Anta rc ti c atl110sph ere arc n o t 

co nsidered good co nd e n sa ti o n nu c le i; thercf()lT, the 

amo unt or Cl in snoll' is no t expected to iJe s tron g h ' 

dependent o n acc umul a ti on ratC'. I \ S expected. th e Cl 
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/)({i ({lid olherJ : Chemical alla£)'siJ !!l ~l'er Plaleall ire (ores 

Tab!t, 2. Slali.llical summ({ I)' of Ihe allllll({/ nI'l 
({{(lIl11l1lalion alld J111 I dala . ({J illllslraled ill Figllre 5. 
Dala Ior /706 63 are ere/lIderl, dill' 10 Ihe jJrobable loss !!f 
core dllrillg drillillg. r'allles ill parelllheses are oblained 
after (o ll s/)i(IIOIIS l'o/callir Jears are rCII 10 l'erl Iro lll Ih e dala 
jel 

Lillear regressioll l l j ((((lIm lllalioll 
. 11'erage 8# lope i lllercepl / 

Acc ulllul a ti o n +4.9 9.69 
(c ml-:l 10a

l
) 

Chlorid e 1.33 0.5 c~ 0 .03 
') 1 

( ~Lgcm -a ) (0.0+) 

Nitratc 1.06 0.28 

.\fss sulrate 1.88 0.87 

# Standard c\e\·iar ion . 
* C orrelation coc ffi cient. 

0 .02 
(0 .02 ) 

0.02 

(0.02 ) 

0 .2 1 0.4 1 

(0. 19) (0.41 ) 

0 .1 0 0.74 
(0 .09 ) (0.7+ ) 

0.20 0.45 

(0.38 ) (0.56) 

data sho\\' a la rge sca tter in Fig ure 5a and th e co rrela ti o n 
bC't\l'ee n Cl flu x a nd acc umulati on is rat her poor 
( ,. = 0 .4·2) . In f ~lC t , C\'Cn the \I'Cak co rre la ti on m<lv rdkct 
th e bias toward a posjrj\ 'C co rrela ti on resu lting from th e 

[lu x calc ulat ion, as disc ussed above . 

The case or nss SO f~ is more com pli cated than the 

ot her two spec ies. Although the nss-SO f2 [lux , similar to 
Cl , appears to be poo rl y co rrelatcd \I·jth acc umul a ti on 
(1' = 0.+5; T a b le 2 ). it is probahle th a t large inputs Crom 
ex plosi\'C yoicanic sources di sto rt th e no rm a l m s-SO 11 

d eposition accumulation re lat ionship. " 'hen yea rs with 

hi gh nss-SO I ~ nu xes fi'om kn o \\' \1 a nd suspected \ 'o lcanic 

eruptions a r c ITl11o\ 'cd 1'1'0111 th e data se t. th e co rrelation 
bet\l'een th e rcma ining nss-SO 12 nu x and a cc umulatio n 
is signifi cantl y impro\'ed, with /. incrcasi ng fi 'om 0 .45 to 
0.56 (T a ble 2). By con tras t, remO\'a l of' th e \ 'o lca ni c yea rs 

d oes no t res ull in a sig nifi cant cha nge in eith er th e NO:l 
o r C l regress io n res ults (Table 2) . Th e IlsS-SO I ~ 
intercept a lso increases ri'om 0.20 to 0. 38 ~Lg cm 2 a 1 

\I'ith the ITmo\ 'al o f'\ 'o lca ni c \,(,<lrs. This \I'o uld mca n th a t 
in non-\ 'olcan ic years, on ly 25(/"0 o r 0. 38 J-ig cm 2 a 1 or tlte 
nss-SO 12 nu x (a \'e rage: I .88 J-ig cm 2 a I) maybe a ttri b­

uted to dry deposilion. 

CONCLUSIONS 

Th e snoll' chem istry on Dyer Pl atea u is dominatcd by the 
prese nce o f Na C I from sea-sa lt ae roso l, a nd nitri c a nd 

sulf'uri c acids [)'om gaseo us a tmospheric aerosols. The 

loca l spatia l varia bility in SIlO\\' chemistry is remarkabl y 
small and th e temporal va ri a ti ons a rc \\'e ll presc rved in 
sha llow a nd inte rm ediate ice co res; therefore. cxcc ll ent 
a nd spat ia ll y represcnt a ti\ 'e reco rds C<l n be ex pected ri'om 
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future d ce p ice co res . At th is loca ti on , sulruri c and nitri c 
ac ids a rc d epos ited mainl y by wet proccsses (cloud 
co nd ensa tion a nd sca\'eng ing ). I n co ntras t , th e C l 

d ep os it ion, m os t pro ba bl y a ssoc iated II' ith sea -sa lt 

aerosol particles, is largely i ndependen t of precipi ta lion. 
The a nnu a l tim e ser ies of C l , NO:! and nss SO I~ 

[rom AD 1505 to 1989 show 110 sig nifi can t trends. T h us, 
the D ye r Platea u reco rd is consisten t with pre\' io us ice­

cor e-d e rived h iSLOries ( Delm as , 1992 ) whi ch ind icate no 

sig nifi ca nt a nthropogeni ca ll y produ ced a tm osp heri c 

pollution in the' hi g h la tiLUd es or th e South ern H emi­
sphcre. 
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