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ABSTRACT. D era iled reco rd s oC m e th a nes ulph oni c ac id (\ISA I a nd non-sea-sa lt 
sulph a te (nss SO l2 ) ha\'e bee n o bta in cd (i 'om ice co res drill ed o n D o ll em a n Isla nd on 
th e eas t coas t o f th e Anta rcti c Peninsul a (70 35 .2' S, 60 5SS \\' ). Annu al a\-crage 
co ncentra ti o ns o f ~ I SA are prese nted fo r th e peri od 1652 1992 . 0\"('1' thi s tim e spa n. 
th e mean a nnua l co ncentra ti o n of f..JS ...... i,s 0 .69 Jl eq I I (a = 0 .33. n = 3·W ). th e ra nge is 
0 .1 3 2 .35 f.lcq I I. a nd th e :'lSA / nss-SO ,2 ra ti o is 0 .22. Th c hig h \JS . \ conce n tra ti on 
refl ec ts th e proximi ty of' th l' \\'cdde ll Sea. beli e\ 'Cd , to be a regio n of hi gh ma rin e 
ph ytoplank LO n produ c ti on. Thl' oH'I'a llm ea n nss-SO 11 co nce ntra t io n is a bo ut 66°Il, o f 
th e to ta l sulph a te d epos ited in th e snOld itll. LOII'-fi'equenc), I'a ri a tions o f' \lS. \ a nd 
oxygen-isoto pe sig na ls co rre la le c lose ly. in d ica tin g th at th ey m a\' be m odul a ted Iw 
simil a r a tmos ph eri c p rocesscs. Pos iti\T co rre la ti o ns a re 9 bse l'\'cd be lll'ee n th e oxygen
iso tope sig na ture a nd bo th 7\fSA (1' =0.4 1) a nd nss SO ,l (7' =0.50 ). sig nj[i ca nt a t th e 
99 % le\·e l. t\ sm a ll nega ti\ 'C co rre la ti on ca n be sec ll be tl\'t'C n bo th species a nd th e 
a nnu a l dura ti on of sca ice a t Sco ti a Ba\·. La uri c Isla nd in th e South Orkne\·s. since 
1902 (:'ISA l' =-0.23. a nd nss SO I ~ ]"= 0 .29; sig nifl eant a t 95 % co nrid e t~ce ) . :\To 
sig nifl cant link be t\I'een hig h .\] SA co ncentra ti ons a nd El .\Tiilo e\'e nlS is obse r\'ed a t 
this loca li on. 

INTRODUCTION 

~ re tha n esulph oni c acid (J\J S A ) is produced b\· the 

ox id a ti o n o f dim e th yl sui ph id e (D \] S ) in th e rem o te 
m a rin e a tmos ph e re, in a bra nching m ec ha ni sm \\'hi ch 
a lso prod uees sulph a te (Saltz m a n, 1983; Ba tes a nd 
o th e rs, 1987) . Th is m ec ha ni sm is th e on I y kn Oll'll so urce 

of .\JSA in ice co res. \I'hi lc sulph a te a lso co m es fro m sea 

sa lt a nd in sm a ll co ncentra ti ons fro m \'o lca ni c ac ti\ 'it y 

a nd anlhro pogeni c sources. DMS is d e ri\ 'ed fro m the 
m e ta bo li sm of m a rin e pb vto p la nk to n in the ocea n a nd is 
nO\I' recogni sed as a n im port a nt so urce o f sulphu r to th e 
glo ba l sulphur budge t a nd in th e cyc ling of sulphur in 
th e a tmos phe re . C ha rlso n a nd o th e rs ( 1987 ) p ro posed 

th a t D~[S mig ht be in\'oh 'CCI in clim a te (a rc ing . \· ia it s 

ro le in th e productio n of c lo ud co ndensa ti o n nu clei 

(C Ci'\ ) . An increase in th e flu x o fD j\IS m ay cause a ri se 
in th e C C :\" po pul a ti on (Ba tes a nd o th e rs, 1987 ). 
rcs ulting ill a n increase in clo ud a lbed o o\,e r th e ocea n . 

tllLlS 10 \\ 'C rin g th e inc id cnt sola r rad iat io n . A s no long

te rm reco rd of'Dl\I S con ce ntra ti o ns exi sts. th e stud\' o f' 

.\I SA a nd sulph a te co ncentra ti o ns in ice cores m ay prO\'C 

fund a m enta l in prO\'iding info rm a ti o n a bo ut pas t trends 
ill D?l fS conccntra ti o n a nd, b y impli ca ti o n . pas t m a rin e 
bi ogeni c ac ti \· ity. f..l SA has been m cas ured thro ug h th c 

L as t G lac ia l Pe ri od a nd prCl io us in te rg lac ia l pe ri od s in 

a n ice co re fro m Anta rc ti ca \ L eg-ra nd a nd o th e rs. 199 1) . 

.\[SA co ncentra ti o ns liT re ]o und to be hi g- her dur ing 

co ld c r g lac ia l p e ri od s th a n th e I nt e rg lac ia l a nd 
H o loce ne, suggestin g th a t :'IS A p roduc ti o n is re la ted 
to tempera ture . J n G ree n la nd . ho\\,e\·e r. s tudi es b : ' 
H a nsso n and Sa ltz m a n ( 1993 ) in th e R en la nd ice co re 

showed IO\I-e r j\ISA co ncentra ti o n.' during th c L as t 

Gl ac ia l Peri od . 

Th e rati o o f' \I SA/ nss SO / m ay be a g uici e to th e 
o ri g in 0 (' sulphur species in th e at m osph ere. as it ap pears 
to be d epend ent on la titude Ba tes a nd o th ers. 1992 . 
Hi gher ra ti os ha lT bee n measured ill th e .\ nta rc tic O cea n 

atmosphere compa red to th e lI'a rm er remo te Pacifi c (sec 

T a ble I . In ice co res, ~I SA/ nss-SO 12 ra ti os a ppea r to be 

10 \1('1' a t hi g her- a ltitud e sites indica tin g tha t lo ng-ra nge 
transpo rt li'om a low-l a titude so urce d o minates loca l 
snold'<t11 (L eg-ra lld and o th ers, 1992 ). Th e g rea te r D \IS 
emissio ns a nd hi gher \I SA/nss-SO I2 ra ti os obse l'\ 'Cc1 a t 

hi gh la titud es a re lik e ly to be d e pend ent on bo th 

te mpe ra ture a nd th e prese n ce o f sea ice . r. l a rin e 

ph \'lo pl a nk to n g ro ll'th ncc u rs und er sea ice a nd in 

p oc ke ts o r ch a nn e ls in th e ice . Ph \' to pl a nk w n a rc 
p a rt icul a rl y a bund a nt in th e ice-ed ge zo ne. \\'here th e 
sea ice is thin eno ugh to a ll o \\' suffi c ient lig h t pene tra ti on 

169 
https://doi.org/10.3189/S0260305500015779 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500015779


Pas/ellr and oLhers: R ecord-of biogmic sulphur from r " eddell Sea area 

T able I . ,lleall ,If SA alld IISS-SO / cOllceII/ra/iolls alld ra/io.\ ill aerosol samples ([lid ice cores 

Loca/ioll Source La/i/ude LOllgi/ude AI/i/ude /Ifeall ,1feall Ratio * Referellce 
,\ISA IlSS SO / 

m ng m :l ng m :l 

South P ac ific 

F a nning Ae roso ls 4° r\ 159 \\ ' 20 44 630 0 .035 Sa ltzm a n a nd o th ers ( 1986 ) 

A m erica n Sam oa Aerosols 14° S I 70° \\' 20 26 390 0 .033 Sal tz m a n a nd o th ers ( 1986) 

Anta rctic Ocea n 
Cerlac he S tra i t Ae roso ls 0 18 33 0.30 Berres h ei III ( 1987 ) 
Dra ke Passage Ae rosols 0 32 29 0 .55 Berres heim ( 1987 ) 

l\ ca r-coas ta l A n ta re t ic 

:\la\\'son Aeroso ls 67°36'S 62 "53' E 0 20 90 0 ,11 Prosp ero a nd o th e rs ( 199 1 ) 

fLeq I fLe q I 
Dollema n Isla n d I ce core 70 0 35'S 60 u 56' \\' 398 0.69 3 .1 7 0,22 This pa pe r 
Com ez N una ta k I ce co re 74°0 ]' S 70°38' \ \ ' 11 30 0 . 11 0.60 0. 18 :\I uh 'a ney and o th ers ( 1992 ) 

D ye r Pia lea u I ce co re 70"3 1' S 65°0 I' \\' 1900 0 .09 0 .56 0. 16 ~Iuh-an e)' a nd others ( 1992 ) 

La l~' D o m e l ee co re 66°30'S 1l3° E 1375 0 .077 0 .39 0 .20 rl 'ey a nd o th ers (1986 ) 

Continenta l A nta rc ti ca 
So uth Po le I ce core 90

0

S 2880 0 . 09 '~ 1. 25 0 ,0 75 L egrand a nd o th ers ( 1992 ) 
D o m e C Ice co re 74°42'S 124°04' E 3240 0 .026 1.46 0 .0 18 L egra nd a nd o th ers ( 199 1) 

S ul phur equi\ 'alent ra ti o (to o bta in m o la r ra ti o multipl y fig ure b y 2 ) , 

:\Iean of sel'era l m easu rem e n ts ac ross th e a rea. 

fo r g rowth (Saksha ug a nd S kj o ld a l, 1989 ) . Eb 'a ted 

co ncentra ti o ns o f D;\[S have bee n reco rd ed in reglO ns 

w here th e re is floa ting ice (Be rres heim , 1987; Gibson a nd 

o th ers, 1989) . W elc h a nd o th e rs ( 1993 ) fo und a pos itive 
re la ti ons hi p between l\I SA a nd sea -i ce ex te nt at a coas ta l 
loca ti o n adj ace nt to th e R oss Sea, 

D a ta [i'om a So uth Po le rim co re halT sugges ted a link 

be twee n th e E l :\Ti 110 So u th ern O sc ill a ti o n ( EN SO ) 

p heno m enon a nd :\lSA co ncentrat io n . El N irio is a 

sem i-pe ri odi c phe nome no n w hi c h occurs el 'e ry 2 10 yea rs 
a nd is link ed to e leva ted sea -surface te mpe ra tu res, 
inc reased ra in fa ll a nd weak trade w inds OI'e r th e tro pica l 
Pacifi c O cean . It is assoc ia ted w ith a press ure a no m a ly 

be lwee n th e so uth eas t Pacifi c hi gh-press ure zo ne a nd th e 

no rth-Austra li a n- Ind on esia n low-p ress ure zo ne (Phil a n

de r , 1983 ) , This a ffects th e g lo ba l atm osp heri c c irc ul a ti o n 
and can hal'e lo ng-ra nge eflec ts. L egrand a nd Feni e t
Sa ig ne ( 199 1) fo un d tha t durin g th e prel 'io us 60 years 

m a n y o f th e hi g her ~l SA peaks had co incid ed with 

re po rted E l N il1 0 e\'ents. 

Previo us studi es o r i\lSA a nd sulph a te have bee n m a d e 

o n ice cores fi 'om th e interio r of th e A n tarc ti c . wh e re th e 
source is a t a g rea t di sta nce a nd tra nsport m ec ha ni sm s 
p lay a large ro le in the nl.odulat io n 0 1' th e sig n a l. In this 

s tud y, we in vestiga te th e reco rd o f rvISA a nd sulph a te in 

a n ice core ta ken rro m D o lle m an I sla nd. S now d eposi ted 

here has usua ll y tr avel led across sea ice, a nd th e re fore a 

hi g h proporti o n o f th e c hemi ca l sig na l is d e ril 'ed fro m 
ocean- a tmosp here exc ha nge in th e m argin a l sea -i ce zo ne. 

W e illl'est iga te this site , close to th e so urce o f hi g h D\lS 

p roduc ti o n , in th e ho pe th a t c ha nges in p roduc ti on ra te 

in res po nse to tempera tu re, sea ice a nd El Nil1 0 can be 

clea rl y see n . 
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EXPERIMENT AL PROCEDURES 

A 133 m lo ng ice core \I'as drill ed o n D o lleman Isla nd 

(7 0°35 .2' S, 60°55.5' \\' ) in J a nu a r y 1986 . Fig ure I sh oll's 
th e loca ti o n o f th e d rilling site, whic h was 398 m a .s. 1. a nd 
ha d a 10m tempera ture o r 16 .8"C . r\ second , 30 m . co re 
was drilled in Februa ry 1993, a bo ut I km ['ro m th e 

o ri g in a l drill sit e . Th e 10 m tempera ture was aga in 

record ed as 16 .8°C. The m ean a nnua l acc umula ti o n at 

thi s site is 0 .34 m a 1 w .e. 

Th e 133 m co re was coll ec ted b y elec tro m ec ha ni ca l 
drill , a nd th e sho n e r co re was d rill ed usin g a PI C O ha nd 
d ri 11 . C rea I ca re \I 'as ta ken to prese n 'e th e pristin e 

conditi o n o f th e ice co res, a nd polyth ene g lOl'es w ere \\ '0 1'11 

when ha ndling th em . Th e ice cores we re sto red in th e 

fi e ld in snow pi ts, tra nspo rted to th e U. K . in a d ee p-freeze 
conta iner ( 20"C) a nd subseq ue ntl y stored at thi s tem
pe ra ture until sub-sampling a nd a na lys is. 

Th e ice co res were sub-sampled using a ba nd-sa\l' to 

produ ce a bo ut 12 sa mples pe r year. T he sail' bl a d e was 

initi a ll y c lea ned by cutting a n a rtifi c ia l " co re" of ice 

mad e fro m 18 \Hl ultra -p ure I·va te r. T he o utsid e ed ges 0(' 

eac h sectio n o r core were remol'ed to exclude a n y possibl e 
cO ll.lam i na ti o n rro m th e d ri 11 i ng p rocess. Sam pies we re 

m elt ed in p ol ypro p y lell e tubs a nd th e n s to red in 

poly th e ne sampl e bo ttl es . A ll co nt a in e rs ha d b ee n 

r igo ro usly \I'as hed se\ 'e ra l tim es in 18 ~ln ul t ra -pure 

wa te r, p ri o r to use. 
A n a l yses we re car ried o u t fo r oxyge n iso to pes a nd 

a ni o n (C l , N 0 3 , SO f2 ) a nd ca ti o n (Na +, K + ,Ca 2+, 

:\/lg2 +) sp ecies o n th e indi v idu a l sa mples pri o r to t hi s 

s tud y ( flIulv a ney a nd P eel , 1988 ) . Fro m th ese d a ta th e 

a nnua l ho ri zo ns in th e co res were d e termined , a nd th e 
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Fig. 1. ,\la/) oJ Illf Alllarelle Peninsula region and Ihe 
I I 'er/dell Sea s/iou'ing lite localioll ~/ Dollem(/II Island alld 
, (olia Ba),. 

sa mpl es \\'C rr th en combin ed to produ ce o ne sa mple pCI' 

yea r. \nnu a l composites were m a d e up fro m be t\\ 'Cen 5 

a nd 2 1 samples b :' p ipe ttin g equa l a liquo ts o f eac h sa mp le 
into a new co nta ine r. Th e d a ta seque nces lc) r th e lo ng, 
133 m . a nd th e sho rt , 30 Ill , core \\TIT connec ted by 
d a ting th e co res a nd m a tc hin g th e iso to pe a nd io ni c 

pro fil es o f th e o\ 'C rl a pping sec ti o ns between 1982 and 

1949. The 133 m core was el a ted from 1982 to 1652 a nd 

th e sho rt , ha nd -dri ll ed co re [ro m 1992 to 1949 . Th e 1\ ISA 
a nd nss-SO I~ d a ta frO Ill th e sho rter co re we re lI sed fo r 
th e yea rs 1 992~8 3 in th e data repo n ed he re. whi le the 
ea r lie r da ta a rc fro m the lo ng co re. 

An a l yses fo r :'IS/\ were co nel uc teel a t th e C n i \'e rsi t y o f 

:' Ii a mi, C .S.A. 1795 1982 , a nd a t th e British An tarctic 

S Ur\'ey, Ca mbridge, Eng la nd (Bi\S: 1652 1 7~H a nd 1953 
92 . A t th e L ni \ 'e rsit y of .\r ia mi . :\ ISA a na lyses \H' rt ' 

carri ed o ut using Dio nex .\ G+/AS+ co lumns, sodiu m 

h \'d rox id e e lu en ts a nd a p reco ncentrato r co lumn . Th e 

detec ti o n limi t fClr :' JSA \\'as 0. 1 ~Lg kg 1 0 .00 I/l eq I 1 • A t 

th e BAS . :'1S,\ . c h lo rid e a nd su lph a te a na h 'scs \\'e re 
ca rr ied o u r on a Dio nex 20 10 io n ch ro lll atograp h using 
AG II /AS II columns, a hyd rox id e e lue nt and a g rad icn t 

pUlllp . Samples we re injected \ 'ia a 200 ~L I sa mpl e loop. 

Su lp ha te a nd c h lo rid e \\T IT a lso m easu red using . \ G+A 

.-\ S -~ l\ columns, a ca rbo na te elue nt a nd a co nce n tra to r 

co lumn to ac hi c\'C a sa m ple size oC 2 ml. Th e d etect io n 
limit for a ll io ns \\'as abo ut O.I/Ig kg I .. \ na h-ses a t the HAS 
\\'c rt' ca rri ecl o ut in a class-l OO clea n la boralO l·Y. Bl a nks 
\\T IT a lso a na h 'zed : :\ !SA \\'as und e tena ble. \\·hils t ot he r 
a ni ons we rc aro und th e d e tec ti o n limi t [cl r each spec ies. 

Disc rete samples ri 'o m th e lo ng. 133 m , co re \\-e re 

meas ured for J\ ISA a t rhe BAS fo r th e per iod 1953 83, a nd 
th e aW'l'aged mea n a nnu a l d ata \\T IT compa red to th e 
resu lts rro m .\ Ii a mi .. \ Iso, the mT rl a pping sect io ns of' th c 
sho rt. 30 m, corc a nd the lo ng. 133 m, co re \\T IT da ted a nd 

compa red . Fin a ll y, a seque nce o f 1+ ind i\' idu a l samp les in 

th e ra nge 0 .0 I 1. 25 l1 eq I 1 ~I S :\ \\ ('I'e a n a lyzed a t bo th 

th e U ni\·e rsit\· o r ]\ [ ia m i a nd th e BAS. Th e res ults fro m a ll 
0[' th ese com pa ri sons a re sho\\'n in T a ble 2. 

RESULTS 

T he :\ IS:\ reco rd fo r th e pe ri od 1652 1992 is shm\'ll in 
Fig ure 2b. Th e d a ta ha\T bec n sm oo th ed h ino mi a lh' OH'J' 

5 \Ta rS to m inimise th e influe nce o f' a n y e r ro rs in d at ing 
a nd to a ll o\\' fo r rh e poss ible rel oca ti o n 0 [' :'IS :-\ into rhe 

adjacel1l winte r sno\\' laye r in th e ice co re (1\1 uh-a ney a nd 

o th ers. 1992 ) . The a n n Ll a l a\'C'rage :'I SA co ncentra ti o ns 

\'a ry fro m 0 .1 3 to 2.35 /1 eq l I, \\'i rh a m ea n \'a lue or 
0 .69 j.leq I I . This is unusua ll y h ig h compa red to c1sc\\' l! e re 
in An ta rc ti ca (sce T a bl e I ). a co nsequ e nce or th e 
proximity of th e b io logica ll y produ n i\'C \\'cdd ell Sea. 

L ow-frequ e n cy \'<tri a ti o ns a re sh o\\'n by pl o ttin g a 

se\'C'nth-o rd er po lyno mi a l thro ug h th e da ta . This ind i

ca tes hi g her co nce ntra ti o ns o f .'. [SA during thc ea rl y pa rt 
of the 18 th ce ntu J'\·. th e m idd le 0 [' th e 19 th ccntury a nd 
the la tter pa rt of th e 20 th centu ry . a nd it a ppea rs tha t 

th ere is a cycl ica l pa tt e rn in th e d a ta . Th e m ea n 

co ncen tra ti o n of \1SA ro r th e 19 th ccntur\' 0.78 ~Leq I I; 

Table 2. C:oll7/){lri.lOIl oJ .I I S.i data alla[J'::ed ill .lfiall7i alld al Ihe B.1S alld ~[ol 'erla/JjJillg serlio/l.\ o[ tll'O (()re.\ 

SamjJles for comjJarison J i easlIred SamjJles Jor comjJarisoll J JeaslIred ,\ 'lIl17ber of 1- 11'.11 COI!/idell(f filllil 
al al dala /Joinls mllle 

% 

Composit e samples :\1 iam i Composite sa mples fo r B. \ S 1+ 28.2 99 

fo r 133 III core [33 m co re 

Cam pos i te sam p ies \I ia mi R a \\' da ta, a \'e ragecl BAS 30 2 .39 95 

fo r 133 m core fo r 133 m co re 

Com pos i te S<lm pies ]\'] ia m i R a \\' da ta . <\ \ -e raged fo r BAS 32 1. 92 90 
for 133 m co re 30 m co re - o\T rl ap 
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s.d. = 0. 20 ) is hi gh er th a n fo r th e 18th a nd 20th centuri es 

(0 .62 a nd 0 .6 7 WC! I I ; s.d. = 0 .18 a nd 0. 20, respec ti\ e l~-). 
El NiJ'i o So uthern O sc ill a ti on (ENSO ) e\'ents, com

piled by Quilln and o th e rs ( 1987 ) a re showll in Fig ure 2a. 
The e\T llts h<l\ 'e bee ll cha rac te ri zed as \T ry stron g (\'S ), 
st ro ng (S ) or mod era te (1\1 ). \\ 'e ha \'(' il1\'esti ga ted th e 
ph ase-m a tchin g of th e stronger El Nil'l o e\'ents with hi g h 

:-lSA peaks in th e D oll ema n Isla nd reco rd, T en peaks in 

th e smoo th ed ~ISA d a ta ha\'C concentra ti o ns of g reate r 
th a n I p,eq I I. Fi\T of th ese were within I 2 yea rs o r a n El 
Niii o e\,ent cha racteri zed as ha \'in g a streng th of' 1\[ + or 
g rea ter , a nd o f' th ese onl y one \\'as a \ 'S e\·enl. Out of th e 

eig ht repon ed \ 'S e\'en ts, fo ur coinc id ed \\'ith loca l 

m ax im a in th e ~ISA d a ta, a nd on c coin cid ed with one 

of th e lowes t minim a in th e reco rd, Thi s is not a stron g 
a rgument fiJ r a direc t rel a ti o nship be t\\'een .\ISA a nd El 
i\'iii o e\,e nts at this loca tion, .:'-10 be tte r ma tch \\'as fo und 
when th e pro lil es we re compa red with lags o f Lip to 

2 yea rs. Th e effec t of El l\iilo e\'ents o n ma rin e biogeni c 

ac ti\ 'ity a nd on a tmospheri c circul a tion in th e Anta rcti c is 

still poorl y understood , At th e South Pole, L egra nd a nd 
Feni et-Sai g- ne (1992 ) reported a ph ase co rrel a ti on be t
\\'('en El Nil1 0 a nd .\I SA concentra ti o ns o\'e r th e past 
60 yea rs, Th e diffe rence be t\\'C'e n th e records Cro m 

D oll eman Isla nd a nd th ose from th e So uth P olc m ay 

result from th e difTerence in so urce region a nd a tmo-
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sph eri c circul a ti on. At th e So uth Pole, there a re typical ly 

only a few snowfa ll e\'ents in a yea r, a nd acc umula ti on 

ra tes a rc lo\\'. Al so, thi s site has a very la rge a nd dista nt 
so urce region. a nd in coming a ir masses are typicall y yery 
\\'e ll mi xed . D oll eman Tsla nd experi ences yea r-ro und 
sno\\'('a ll fi'om a mo re loca l so urce, with hi gh acc umul a
tion rat es gi\'ing a well-bal a nced yea r-round signa l o r 

chemi ca l spec ies in th e ice co re. 

W elch a nd o th e rs ( 1993) found a correla ti on be tween 
r-.ISA a nd sea -ice ex tent a t their sa mpling site a t N e\\'a ll 
Glacie r (77°35' S , 162°30 ' E), close to th e Ross Sea . Wh en 
m ore sea ice \ \'<IS present. a g reater concentra ti on of "IS A 

was measured. \\' ithin sea ice , breaks, leads and polyny as 

can form , g iving open wa ter (C a rsey, 1980; Chi u , 1983; 

C omiso a nd C ord on , 1987) , These prO\'ide a n ideal 
g rowing ha bita t fo r ma rin e ph\'lo pl a nkron , as bo th li g ht 
ice a nd thin. bro ken ice arc a\·a il a ble. Consequentl y, th e 
o\'erall ext ent o f sea ice may be less important th an th e 

d ensity o f th e ice . 

W e ha \'e compa red our r.ISA d a ta \\'ith th e a nnu a l 

sea-i ce dura tion (Fig . 2c ) reco rd ed at Scoti a Ba y, Laurie 
Isla nd in the South Orkney Isla nd s (H ea p , 1962; i\[ ayes 
198 1; persona l co III m uni cati on from C. Sym o n, 1992 ). 
Scotia Bay lies nea r th e northern ed ge of th e m ean 

max imum extent of ice cove r a nd is th erefore sensitive to 

cha nges in ice cO\'er in thi s reg ion, The data a re presented 
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as th c numbcr o f' d ays p CI' I'ea r o n \\ 'hi ch sea ice was 

prese nt in th e bay , T h e sea-i ce dura tio n d a ta h a l 'e a sm a ll 
hut sig nifi cant a nti -co rrel a ti o n \\' jth .\I SA and n ss-SO I~ 
c o n ce ntra tion s a nd ox yge n-i so to p e r a ti os ( \f S .\ 

l' = 0,23 : nss SO I ~ r = 0,29; 8180 /' = 0,2 1, 11 = 88: 
a ll sig ni!i ca nt a t 95 0

0 co n fide nce, Th e a n ti-corre lat io n i, 

in fa c t quite stro ng until a bo ut 1955 , Th e \\'cdd e ll Sea is 

a lTec ted h y a \\'es ter l), c irc ul a ti o n of' th e ocea n c urre nt 
ca lled th e \\' edd ell G \'1'(' , This fo rces th e sea ice a ro und in 

a c loc k\\' ise direc ti o n , pushin g ice up a lo ng th e spine o r 

th e peninsula int o th c northwes t co rn c r o f th e \\'cd clell 

Sea , [cc cO\'e r in Sco ti a Bay is m o rc like l ~ ' \\ 'hcn th e 

\\' edd e ll G yre is st ro nge r. In th e rq!; io n 0 [' D o ll eman 
Isla nd th is w ill rcs ult in g rea te r ice cO\'e r a dj acc nt to th e 
is la nd a nd less loca l o pc n wat er \\ ' ith 10 \\ er loca l 

product io n o f D~IS , .-\ \\Ta ke r \\'C5le rh' c irc ul a ti o n , 

e l' id ent fi 'o m no sea ice in Sco ti a Bm '. m a l' lead to a 

g rea te r area l ex tcnt or icc in th e "'edd ell Sea a nd 

th e re fo rc m o re c h a nce o f loca l o pe n I"'He r. This m a l' 
partl y acco unt fo r th e \\'('ak a nti-co rre la ti o n o r \lS, \ 
co ncentrati o n \I ' ith Scotia Bav sea icc , 

The IlSS-SO I ~ CO ll ce n tra tio n \I'as o htained fi'o m total 

sulph a te b y subtrac tin g th e ca lcul a ted sea-sa lt compo nent 

o f the sulph a te fro m th e to tal sulph a te, CI /.\'a \I as 

calculated in a sectio n o f' th e D o ll em a n Island co re 
( 11 2+ sa mplcs. Cl f.'\ a = 1,38 ) and is I'(' ry close to th e bulk 
se<l-\l'a te r ratio (C ha r lso n a nd Sehw a rtz, 1992; P eel , in 

press ) , Chlo rid e con centra t io ns \I '(' IT th e re lo re used to 
,} 

ca lcul a te th e nss-SO 1- compo nent in eac h sa mple usin g 

th e fo ll o \\ 'in g n prcssion: 

Th e nss SO I ~ m a kes up 66'X) o r th e to tal sulphat e in thi s 

co re , indi cating th a t th e m a rin e bioge ni c compo n e nt is a 
w ry impo rta nt so urce o r sulphur to th e sulphur budgct. 

\ 'o lca ni c a nd a nthro poge ni c sulphur m al' al so contribute 
lO the nsS-SO I ~ sig nal, but le l 'rl s arc like ly to be minim a l 
compa red to th e biogc ni c su lphur input al lhi s I CJ\\' 

a ltitude sit e c lose to a reg io n o f' hi g h ocea ni c-sulphur 

produc tion, 

The ra ti o o f \I SA / nss SO I~ is sh O\\'I1 in Fig ure 2d , 

The m ean \IS:\ / nss SOI ~ is 0 ,22 ( ra ti o o f'th e tll'O m ea ns, 
1/. = 341 ) , There are sel 'C ral o utli c rs \I'hi c h occ ur \I'hen 
th e re arc abno rm a ll y hig h c hl o rid e co n centrati o ns (\I 'hi c h 

mal' be a ssoc iat ed \I 'ith hi g h \I 'inds , and in th ese le \l' 

samples \I'e halT ra th e r 10 \1' nss SO I ~ \I 'hi c h. ta ke n lI'ilh 

no rm a l i\ [SA co ncc n tra t io ns. produ ces th e hi g h ra tios, 

A ga in a se l 'Cl1lh-ord er po ly n o mi a l ha s bee n pl o tt ed 
thro ug h th e ci a ta to hig hli g ht lon g-term l 'a riati o llS in 
lh e sig n a l. Th e tre nd in .\I S, \ / nss SO l2 is m o re stable 

than i\JS.\ itself' o\T r th e lo ng te rm, e lT n th o u,e; h there is 

mu ch ~ 'l'a r-LO-yca J' \ 'a ri a ti o n , impl yin g th a t th e so urcc 

a rea 0 [' \I SA h as n o t ch a nged s i g nifi ca ntl~ ' in th e pas t 

340 years, 
Fig ure 3 sh oll's th e re la ti o nship bCl\l'ce n .\I S. \ and 

oxyge n-i soto pe ra ti o, Th e co rre la ti o n of' th e t\l 'O spec ies i ~ 

s ig nifi ca nl a t th e 99°;(, co nfid e n ce limit ( ,. = 0,+1. 

n =34 11. I n ano th e r Antarc ti c icc core . L egra nd and 

o th e rs 199 11 fo und a negatil,(, co rrelat io n be t\l 'Ce n \ISA 

a nd te m pera tu re d erilT d fi 'om iso lo pes , Th a t stud y \I 'a s 

co n ce rn ed \I 'ith th e compa ri son be twce n ice-age and 
illle rg la c ia l ice \I 'here th e so urce e]wiro nm e nts a rc like ly 

2,-------------------------------------, 

1.5 

+ 
+ 

a,s 

+ 

+ 

++ 
+ 

'r -lJ-+ + 
++ + 

O ~--------L---------~--------~--------~ 

·22 -20 ·18 ·16 · 14 

Fig , 3, Seal/er Plo/ j//U /"illg re/a/ioll,)/!ip be/we!'!! .IIS. I 
({lid o ~J'gel/ - i.)%/)e ra/iv , 

to be radi ca l'" dine- rc nt. H e re , \IT a re looking a t a pe ri od 
o f rel a til'e c limati c s ta bilit y \I ith proba bl y a n o lh n 
m ec hani sm gO I'C rnin g th e re la t ionship I)(' l\l'('e n .\IS.\ 

and tempe rature , I n thi s case it appears th a t hi g he r .\I S ,\ 

con cc ntra ti o ns a re assoc ia led \I 'ith hi g her tempera tuJ'cs 

c1 e ri\ 'CC1 li'om iso to pe d a ta ), This m ay be du e to brea kup 

of' the sea ice a nd a g rea te r numbe r o r lea d s \I ' ithin lh e 
\\'(,d el e ll Sea durin g \I 'a rmcr S lllllll1 n~, 

CONCLUSIONS 

.\[SA co n centratio ns \11 ict' co rcs li 'o lll D o lIl'm a n Isla nd 
arc consis tenth' hi g h OI 'e r th e pa ,'il 3 -~O years, confirming 
th a t th e \\ 'eddell Sea is a reg io n o f'hi g h D"'IS p roduct io ll , 

O l'('\' th is period, hi g he r co n cent ra ti o ns f()und in th e III id-

19 th cc ntul'\ imph' incrca secl b io logical produCli\ 'it y o r a 

ch a nge in transpo rt f~\I 'o uring th e d epositi on o r \[S ,-\, , \ t 

thi s loca li o n. \IT f(llInd no sig nifI ca nt ph a se re la ti o nship 
betwee n El f\iii o ('IT l1ts and th e "'IS,\ reco rd suc h as ha-; 
bee n o bse rn'd at th e So uth P o le, A compa ri so n \I ' ith S(,<l 

ice ex te nt a t Sco ti a Bal' in th e So u th Orkncy Isla nds 

sho ll's a small ncgati \'e co rrelati o n lI'ith \I S,\ con centra

ti o ns (i 'o m Dollcl11Lln Island, During period s o f' increased 

sea ice a t Sco ti a Bay th e a m o unt o f' o pen 11 a tCl' ill th e \l l'S l 
o f'th e \\'edd ell Sea m a~' be reduced. lea din g to a IO\l'l'r 
produ c ti o n ratc fo r D .\I S, The lOll -fiTCju en cy I'a riati o n in 

\I SA / nss SO t remains f ~tirh ' co nsta nt OH,\, th e pasl 

3+0 l'Ca rs. indi ca ting th at th e re h as bee n n o m aj o r c h a ngc 

in th e re la til 'e produ c ti o n o f th e t\l'O spec ies a nd n o 

sig nifi cant c han ge in tlte so urc (, area , :\ p us itil '{' 

co rre lati o n is re po rted i'o r th e rel a ti o nship bc tll'('c n 
.\I S. \ a nd oxygen-iso to pe ra ti o , Thi s i III pi ies g rcat('\' 

\I S.\ p roductioll a t \I 'ar1l1 cr tempc ra lures . \I 'hi c h m ay be 

Iink cd lI' jth th c a m o unt 0 [' broke n sea icc <1 \ 'a ila ble as 

h a bita t lc) r D \I S-proclu c in g phlLOpl a nk ro n , 

There is s till muc h lO be lea rnt abo ut th e re la ti l'l' 
process('s a rrec tin g th e produc ti o ll , lranSr(.' r a nd reac ti o n 

o f D"'IS in th e <l tm O'i ph cre a nd in th e l ranspo rt a nd 
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deposi t ion propert ies of :'ISA and nss SO 12 , Atmospher ic 
circu lat ion , temperature va riations a nd phenomena such 

as El'\SO wi ll a ll contribute in different wa ys to th e 

relat i\"C concent rat ions m easured in the ice , By il1\'es tigat

ing a detai led se t or measurem ents or biogeni c su lphur 
spec ies in th e ice in the contex t or their location , we hope 
to obtain a bette r understanding of the mechanism s 

il1\'oh-ed, 
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