








Th11111/11111111111'11/h1·1.-: l .'/i11111/r 1111 P/1111'11/1. A1ll1111tir l'ruiw11/11 

11tlwr,. l!Jl:ll .md 011lll' n1<111 [, land I Pl·1·1. 1992 1. Thi, 
1·li111a tl' ,n·n.trin j, dilliTl'nt frl1111 tha1 found in li1':0 
n•r11rd, from E:N ...\ntarrrica 11r fi·um , itt·, r1 ·nwn·cl from 
till' \\'1·dckll S1".1 'l'\ t11r 199'.! 11 lwrr 
r1111li-r than norm.ii ro nditi11n' w1·n· motT prl·1·alrnt prior 
t11 lltlO. Tlw l>)t"I' Plal t":tll 1: 1110 hi, 111ry '11ggr't' a 1nark<·cl 
n111lin!( l1l'll\'l'l'n l!H·ll a11d lfl j () , ali1·r which 1·111,lt•r 1ha11 
111Jr111al wncli1io11' pn·1·a ilt-d li1r a 1 t"llllll'). T hi, .-i-n111ry
l1111!{ r 11ul pl'riocl i' nt• t 1·1 ich-111 at Sipil· Station a t tlw h:t , l' 
or till' pl·nin,ula . 011 thl' 11tl1l·r hand. th<' Sipk Station 
1'1

1110 ·rl·c111"CI. lik1· that from D)l'I' Plat1«1t1 . rl'n·ab nu 
prolong I'd rnol J>lTil•d priur tu l 8j!) j . Thl' lar k or a 
111arkrcl root pl'riocl nn D) 1·r Pla1cau in thl' middk or thl' 
pl'ni1h1da and at Siph- S1ation. all)ng 11ith li·om 
,1·tt·1:d 1"11l'l'-t' ll·1·a tion . l11111•r-lati tuclc- ' itr, 
l'n·I. I !19'.! . prm·icJ,.s an 1·i1·11· or tlw di man· 

11r 11 11· Ja,t in tlw n ·f{ion 11 hirh 
i' q ui tl· clilli.·n ·111 fi·11m 1h.i1 in Lht ...\111arnira. Tlw O)i' r 
Pla11·a u !'1 1110 ri·l'onl 1 Fig . 51 inclicat1•, an i,11t11pi1 
11anning hl'gi11ni11g- in l!J30 .t11d L'Xtt·nt.ling 111 thl' pn''t' lll 

tl1L' warming al Siplc· S1ation j , n11m· 1110d1·,t 1. On 0) l'I' 
Pla11·a11 tlw la, t t1111 ha1·l' hl'l'n ammu{ tlw 
" i,11t11picall) .. thrt'l' ckradt•, 1 tht' 11thl·r hl·ing 
1113 1- +IJ , in 1lw la>t fil'I ' lihtrum1·11rnl n:c11rds 
indicatr that tlw warming , incr IY:JO appl'a1-. tn hr 
r<'ginnall) 'ii.: nilican1 throughou1 th t.> pL·ni11'lda . For 
n.ampli-. from 19+'.l to 1992 trmpnaturt'' at farada) 
ha 11• 11 a rnwd nt'a t'I ) 2 .. 'i C ljont";; and 11thr1,, 199'.l l. 
Furthl'r e1·idl'llt'1' 111' this 11 arming is rrlle\'tt'd in thr ra,picl 
di,illll'grat iun 11r ilw \\'mdi ... In· S lwtr fi·um 20011 km- in 
I lJb(j tu :::: 700 in I 98!1 1 Ouakt' a11d \ 'a 11ghan . I !l!l 11. 
Spli-1 htt1t'' ' l'r ! I !J92 1 rq>ttrtl'cl the nTe nt n·trl'at ol' 
:\urtl11·a't Glacier 011 S11rni11i.;t1111 bla11d ahout 65 mik' 
i llfl km I north or tlw \\'urdit: kl' Slwlt: Thl·,c· 11IN'l'1·a-
1ion,. a lon)t 11ith 61110 lprnxyl inclii.:atc a n ·c1·nt 
and 11 trrnd i11 tlw p1·11in,ula 

Annual layer thicknesses 

.-\nmtal ht) t'l' thirkn'"' " " prrn idr a hi.111r) 11r thf' llt'I ma'' 
at 1 u11111lati111; i11 a g i11·n ) ear hut do 11111 n· llt·l't 
prn·ipi1ati1.'11 amou11h dirrl'll ) . l ' nli1rtu11att"ly. ht)t'r' 
thi11 a' 1ht') art' huri1·cl h) '"h"·quent an·umtdati1111 a11cl 
a' tht') an· ' trl·trhed 11 hen thl· irl' ll u11·, out11«trd li-11111 the 
lTl''t ur the platl·att. Om· 11hjl·11i1 t' or the c111nplrmt" 111 a ry 
!.\l'oph y,iea l i, 111 pr1J1·iclc- infunnatiu11 alJt1lit tltt• ll1J11 
1·harat·11·ri. 1ir' or thl' in· arnund th e bun:hl)lt' tu .1djt1, 1 
nwa,un·d a1111ual layer thi r km·, ,l., lur ' ueh thin11i11g. 011L· 
i111p11rtanr a"umption i' that thl· ' urfor t: 1 crtical 1·t:lucit y 
i, 1·qual to thl· , hort-trrm :H'ClllllUlation t'<l!l' nt' 1.1 6 m a 1 

nwan d1·mit) = +OU kg m 1, ol11ainrd from ' ta kr 1111·;"
urt"mt'nt' for thr pt'riod l!-JH9- 92 .. -\nother a;;sumption 
that th ... 1 t'l11r i1 y ancl dl'n, it y h;11 t.' remainn l 
t'11t1, 1;1111 111 l'I' time . . ..\ df'tailt·d of th<' linal 
annual la)i-r rt"n11htruni1111 i, in prrpara tion h) C. 
Ra) nw nd a nd 1Hllt'r,; h111,r1·t' r. thr- trl'11d in thi-,t' 
l't'l'lll1'tl'll l'lrd thiekm•,st'' I Fio . . i 1 i' 11111 r xpr1"11·d tn 
1'11at1!1,t'. al th11ugh lhl' linal thil'kllr""' 111;11· 1 al') ' liglttl). 

Fi \;urt· 3 illlhtr.tt•·' llw d1·radal a1 r- ra!,:"' tJt' tilt' 
n·1·1111-trun1·d a n11u.1l l:t) 1·r tl1irk11t'"''' .4 11 I ti1r l.111h till' 
0) 1·r Pht1t'a11 a11d Si pit· Station rnrt',. 11 l1111g-1t· rn1 
-mo yl'ar , 1n·11CI i, ,., iclc-nt a1 t'ithrr ,itt'. altl11111gh w11-ra l 

\ , h11rt-t<Tlll 11t11hi-ckradal 1 111·11 tb app1·;11 111 b l:'. ·') 11chr11-

4 '.l l 

Tah/1• 2. C.111·/.licit-1111 !1/i/1'11 r111i1111ti1111 , J. a11 /i1r 

II li111111 rd11li1111.1hi/1 lir/;1·11 II 1111'/t< l/lfd iu•-(u/1' 111111/1/11011/.1 

in 11 1nrr /i·11111 ,\ /11/i1111 11111/ 11111• .fm111 /'/11/1'1111. 

.-11111111/ira 

l ' fllr/1111•/(1 1'111 timla11•1 ' f:1tt '.i.1 .\0 / ...i .. 

Panin datl'• o.+7j 

h1'0 0. 01 
:\S 

Exn·" ().j8'.) 

99.(1 

.-\" 0.'.l-1-7 
!l!l.l l 

• R1 indiC'atn tlw rrartinn .,r ( Jilt' 1ariahli- 1ha1 j, 

1·xplainl'd b) th r- othn aml tlw lt·n ·l of 'ii:11ilir a1w1· 111 
lht' rdatiu11,hip i' gin·n in pan·nthl" '''· .-\n vi' 1.11 
indicatt" a pl'1frn rdatiunship. ·s implit:' 1ha1 11 a-
11ot at a11 y accl'ptablc len·l. 

nrnt• 1R1 =0.:.1+7. >il:(nifir ant al thr 99"!,, t ... w l: Tahli- :.! 
Fmm .\n 1.100 to :::: 1700. A 11 int' n-as1·d , tig-lttl) :ti h11tl1 

afi1·r whi..t1 A 11 clt"nra,t'cl In :1 minimum at l 7j0, Tl ii· 
minimum j, 11111rt' pru1111u11,·ed at D)lT Pla11 -.1u tha11 .11 
Sipl1· St.1ti1111. SinC1· 1750, .4 11 ha. inr rt<t>l.'d .11 
buth ,j11·' 11101'l' >tr11n!(I) at D) t' t' Plall'all tl1;111 .11 
Siple Station. Thi. ll l't arntmulatiltn incr«ast• ,inn· 17.j ll j, 

in !{l'lll'rnl agrn·ment \1ith thu>i: on .J ame, Ru" .11111 
Dullt·man s•'l' Pl'l'l. I Y92; .Jones and 01h1·1-.. I !l!l:i . 
. \, norrd .)0111•, and othl't'> t 1993 ). in thi, n·!{i1 111 . ti ... 
61110 an<l .411 hi,tnri1·, a rt· not rorrelatl'd a, 1·:0. p1·1·1,-d 
a»u1t1ini;: pn·ripit:ition inrn·ast'' wi1h tl'mp1·ralt1r<'. T li· 
h1110 and .-\ 11 rer11rd, l'rom broth l>)·,.r Pl:11r-au and Si pl• 
Stat ion rurtht'r M1ppun innm.i,tt'nry; 'Pl'( ilie.tll) . . Ill 
i>11t11pirally rnul pt•riud (:::: 1800- 1930 i, a"11ri.111·cl 11 iil1 
i1wr ... a, in!{ nr-t arr umulation . Thi' pat1rrn . . 1pp:1n·111 h 
ll'idt', pn·atl in the penin,ula . i11dka1r' a mon· 1·11111pln 
rr-lati1111, hip a 1111111!( 111oi, tun· 'uul'l'n. a1n1u,pl11·ri1 11·111· 
pn:11un· and hu111idit) . a11d 1wt , 11011 ar1·um ul:1ti1111 tl1. 11 

l·•rn1111u11ly a" umt·d .. \ , til l' pl'ni 11,u la i, a nwtl·11n •l• 1-
irall) rompl1·x it p1i>1'' a l(rral r halll'llg• · 1111 
acn1ra t1· in ttrpn·tatiun 111' in· con· prox) dat.1 . 

Dust content and excess sulfate 

The .JHO yl'ar hi, t11rit'' of' clepo,irion ar Pl:i t1 "' 
and Siplr Sta1io11 6) :ne quitt' , imila r R1 = ll.1- ·, 
,ignilir ant at th t' 99.9%, ln·rl : Tahir 2 11 ith 1"C1n'i'tr 111 : 
lu11 rn11ri:n1rati1111' fr11111 .\l> 1500 ut11il ll11· 111irl-l ll1h 1·1·11 t111' 
Tht' l't' art t1111 pr11111i1w111 rlu,t ll-aturr, at IJ<•th ,ill'< I 
thr- innr.1"' i11 d u' t 1·1111!1."lll ,i nc1· !Will .111d ' 
tl1 t pr11111int'11t dti-t n ·1·11t frnm 1598 111 ICiOO. Th.- i111-r1··' '' 
i11 du,t ,i11rr 1850 i, pnpl t'xing i11 1 i ... ,, 111' tlw 10111·un 1·111 
dt'l-r1·a"· i11 tt'111pcr:i1un· ! IJ 111

() 1 :ind i11crr:1v· in 11 °·1 

a1T11 111tda 1i1J11. Thi'><' 1111, t·n a ti 11n, r:1i•r 1hr q 111·,ti1•11 

1,llt'lhl'I' thl· i111Tt'a>t·cl <lu'I rcllrr 1': 1 l l a 111• •1 1· tl 11,11 
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Fi,!!,. 6. D(rad11I m·m1grJ id' /11/nl d111/ <'1111/m/ ( dillm(/rn 
?_0.6.1 1w1111I 1 

) 1111d r\t'f.U 1111/11/1• ( EXS) 1111 /Jyr 
Pl11/M11 Ill'<' i/1111/l'llll'd 1..ilh fOllfllrrml lti.11urirJ from Siple 
St11tin11 lorn/I'd 11/ the basr 1!/ tltr • l11/r11 rlir Pmi11.111l11. 

atmmplwre. n·~ult inµ- !'mm 1 a I m<ll'l' l'ili:r tin· 1·111rai1111wn1 
pr111·e,st''· 1 h 1 inl'n·awcl ''ll ll'f'<' arl'a a, iC'e n·tn·at in the 
)ll'lliw.ula n:g-ion 1·xp1»l'cl mun· b1·drrll'k nr 11·1 a 'l'mi
p1·n11a11t"11l di,plarenll'lll ur primary rirnilati1m lc:aturt·, 
which l'l'SUltrd in thC' 'outhwarcl i1d\'f'C'lio11 ufc) u,l. a nd /or 

::! 1 1·111rai11mrn1 111' clu,1 in th1· mnrt· p11ru11' nppl'r lirn 
layer' durinl-( clrilli11g and tran>ptl!'Jatio11 . Tilt' l:u ·k ,,r a 
'i111ilar i11nr·a"· in th1· 1un1T11lra1iu11' ol th1· tl 1ro·r major 
.11111111' Cl . SO/ .111cl :\0:1 I '"~!:(l''I' 1ha1 rill' dti-t 
i11tTl':tM' i, pr11h.tl1l) not :t>M11·ia11·cl 1.i th 10111.1 n1inali1111 
hut clot•, rel kn a n-.tl i 111 Tt·.1,1· i 11 a 1 n1u,plll'ri.- cl"' l i 111·"· 

.-\, p.1ni.-11lat1'' an· cl1·p1i-i11·d hy liuth 111·1 :incl cir~ 

pr111 1'" t''- it i> dilli111h 111 >1:·para11· thrir 1·1111 1rili111 i111" 
11 i1hou1 :i 1·11111i11u11th. nwlii-1 l'ar. in ,j111 ' 111111 :incl air 
':i111pli11g pr111.(ra111 . l'n·1·i1111' '1ucli1·, in Ea,1 .\ lllan 1i«a 

:O.l11, l1·1·-Th11111p,11n. 1~19:! .111d S11urh .\ 11ll'ri1·a Tho111p-
' "11 .111cl u1 h1·r,. I !IBIJ n ·p•Jrt1·d i11.-n ·awd pa ninilail' 
rl"P'"i1i11n d11ri11l-( 1•111),·r )J1·riucb. 

Thl' >l'l'11nd pno111i11l·n1 d11>1 li:atun· i' :111 .1hrupt a11cl 
l.1r).(t' clu'r incrl'a>i· li-11111 ) j!)!:I 10 1600. 111 l.i~IY. cl11>l 
11111t1·nr in1Tt' awcl Ii) t1l'arly :1 1:1r1t1r 11r 10 ar bilrh Dyl'r 
Pla11·au and Sipk Statiun. Fiµ-un· Ii ahu illu-irat1'' li1r 
liu l11 n 1n·, rht' t'Xl'l'" ,u )fall' EXS 1 11r nun-~1· :1 - ,a It ,1111;, t1· 
'.'\")S _ :1clj11't1·cl u'i11g Cl 101 "'ri111a11· rill' "'a-,,tlr n>1n

p11111·n1 Dai and urh1•r,_ 199 1 . EXS i, 'uh,ra111ial1) 
l'l1·1arl'rl li-11111 l j 99 111 )1jOI. ~ugg-1·,tinl-( rha1 llw ,1111:1 11· 
.1rri1 1·cl at l11 11h , i11•, I ) <':tr al'Jl'I' tlH' p.1nin ilatl'' · Tiii' 
111 i~i11 11r thi, l'\'1'111 i' unkn1111 II. . \ ltl10111~h llll' l tiUO 
l'l'U)lli1111 uf H u.1ynap111i11a in , 1111tlwrn P1·ru i, prn111im·n1 
in 1 h" Q.u1·li-1 .1) .1 ,..., 11rcb Thump>11n .1 ml 111111·1" . I ll~j tj 
and ha, lit·1·11 n11r1·cl in EXS in (;rl'l·11l.111cl 1J h1·,1· autl111r> 
i1 i' unlikd ) 1h.11 th1·,1· pani11ila11·, • ll'i~in . 1r"rl lr11111 

H uay11aputina . Giw11 the large r11m·1·ntratio11>, tl11:ir 
11rigi11 i> prohahl~ luraL I r i\ pos,ihlt' that H uaynaputina 
t'CJ11trihu tr cl tn tht' de1at1·cl EXS i11 1601 liut it cannot be 
till' ~o urc-1· liir EXS ll'hil'h lirst arril'l·cl in ) j!.J8. 
H11 ay11apurina has y1· t to hr iclt"ntilil'cl cnnclthil't:ly in 
,\ ntarr tiC' icr-r 11re rl'rurcls. _-\,n·naining \\'httht'r tl1t' dust 
i, of 1·olca11il' oril{in i, a logirnl next 'trp "' 11 di ;i, 
inspl'C'ling 11ther .\ ntarrtir rt'rurcl> for thio, po!l·111ia l 
"nwrker horiLon ''. Thr EXS hi>tt1ril's li·om Over Plamlll 
and Siple:- . tat ion , Ri = Q_j83. , igniliranr at . rhc 99.Y'Y,, 
ltn•I: Table 2 a lo ng- 11·itl1 EXS hi,tori1·, rrom Grn·nlancl 
11 ill rnntrihutr to thr clt"1't'l11pml'nl of a global 1·ulcanir 
hi>tor~ liir the la~r liw 1·1·nll1ri1·s. 

Tht' EXS hi,tnrirs liJI' Sipk Sration ancl Dyer Platrau 
Fil{. G, rn·l'al a numho.:r 111' kn1111·n n 1ll';inir l'n·nt' a' ll't'll 

a' ''11111· u11id1·ntilircl ... , 1·nc-. lckn rili ration uf knoll'n r1·e:-nb 
prm·iclt'> timr-<.ca l.- nmlirmation . I 11 aclcliciun. th!' rrren1 
harkv;ro1111cl n1111 t"11t rati1111 ur EX S may 111· l'umpan·cl ll'ith 
that from thr pre-inclu,rrial era t11 cll'll"rminr wlw1htr 
.-\n1arrtir snn11· i, )t't 1·onta111inatl'cl by :'llo rtht'l'11 Ht'mi
spht·n· inclu~trial arti1·i1ic·s. To make this.. rnmparbon. 
) t•a1-.. of known 1·ulranism (Fig. 61 ll'l'l'l' n·mm·rd fl'tlm the 
record prior to :11·t·ragin~. In thr Oytr Pla tl'au 1·on· du· 
ra l i11 of t'XC'r!ls SO/ li·om I H.'i I tll 1990 to l ha l li·n111 1600 
to 1850 i> 1.18/ 1.1 5 1/t.t'C) I. 11 '"~g't'> lin~ l'i rtually no 
r hangr in tht' EXS MHll'IT ~i nn· 18.)U. A 'imilar ra lrnla tion 
liw EXS at Siplt- S1:11i11n g-i11·, a ra tio ol' 1.:.12/ J.:l-t. 
indicaring a , )ighc inrrra": in !::XS ,in e lfnO: howc-l'rr. 
th is clitli-rc:nce i0.09 11t·q !. 11 i> l'l'l'Y nt"ar the a11alytil'al 
prtr ision uf the analy,t·s and m:1y lw lllt"ani11g-lt•>'. 

CONCLUSIONS 

Thi· 1·1111"rging pak·udi111a11· hi>l •ll'Y li·um D) c·r Pla11·au i, 
prU1 icling' l'urt hl'r i11,ig-ht i11t11 lhl' rn:iunal hi,tory 111' 111l' 
.\utan tiC' Pt'nin>11la. \\' lll'n 1 il'111•d alrn1g with .1 n1111par
ahk hi,llll') f'n•m Sipl1· S1a1i1111. n·rt.1i11 n-g-irn1al 1 liar
:11·11·ri,1i r> htT111111· t·1·id1·111. Tli1·,t· int luch· n ·latil'l·I) 
1111r111a l rn11clitiu1h · 1 ·. ~. 1111 I.L\ . li'tim LillO 111 II-DU wi1h 
C11()lrr l'11ndi1ion' lh1111 IH.'iO 1" 1hc· 111icl-:?Oth n ·111ur) . 
( '.ouil"r 11111cli1iun> 11nr ·"'"ri.11l'cl wi1 h .1 gr:1rlu:d i11n 1·:1,1· 
in 1111· llu.\ lli' i1h,,l11hl1· clu,1 .111cl .111 i111Tl'a><· in 111·1 
:ll'l'L1Jlllllatiu11. :\o maj11r inrn·aM' in t·'(1·1·" 'lilfa1" at'"'""'' 
i, 1; 111ncl 11 hid1 'liJ.\g'l''h 1111 a111l1r11p11!{1·11il' r111111 ih111i"11 1o 1 

' """ i11 1hi' n ·g-i11n . 
Thl' pr11111i111·11t warm in;! , inn· I !l.-1tl 1111 D) 1·r 1'1 :111·.111 i' 

n111'i'11·n1 11i1h 11th1·r ul1>< '1'\·.11i111h i11 I),,. n ·!{i1111 . p.1niu1-
larly 11w"· 11n tl11· 111·,1nn ' icl1· 11f 1hl' p1·ni11'td:1. Thi' 
11-:1r111inJ.\ in 1111· la>I ll-w clf'1:td1·, i, 11111 1·1 idl'll l in h1110 
hi,tori"' from 1111· Ea,1 .-\111 arr1i1· plat•'.lll . l'h1·"· l'l'~i11nal 
dilli-rl'11t·t·, :tl'l' 111>1 u11lik1- tl111>t' 01111· 11·1111lcl lincl in 1111' 
lll1' ll'Olr11l11gi l'.tl hi>lfll'in or .J.\lt1hal1) dbpc·r,nl ' lalifllh .. -\ 
1·11111pari>11ll or rill' cln·aclal :11 l'l':ti.{l'' li1r illl' la't :i\1(1 y1·:11·, 
fr11111 clilli:n·n1 in· t'<ll'I'' n·11·:1) , 111arkt'cl cl ill i:n ·111't''· 

Fig-un· :! in l'h11111p,u11 and 11tl11·r, I ! llJ :~ 111111p:ll'l·, 
lin· >Ill h hi't"ri1·,: C:1111p C:1·11tlll'). C1 n ·nl.111cl : l>unck ill· 
1·:q >. China: Cltlt'kr.11·:1iu· 1·ap. 1'1'1'11: and Sipl1· .111 cl 'i11111h 
p,,k Sraci1111' .. \ n1ar1 li ra. ' I ""'" Iii"· in arldi1i1111 111 llll' 
Dyl'1 Pla11·:1u n-.·11rd pn·,1·n11·cl lll' r1· a11d :111,, Jl1 c·1 n·r11rcl 
1· 11wrl-(in~ l'r.1111 till' (;uli ) a in· 'ap i11 111·'tl'1 n C'ltin.1 
T h .. mp, •1n .111cl t•illl'r,_ )l)•l.l: a11cl unp1tl i)i, l11·cl rl.ll .1 . 

r1 ·1 o·;tl 111.ll 1111· l'l'l 1·111 11 ar111 i1t!\ Ii." ll1·1·11 11111,l pl'<•-

1.,_ _ J 
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noum·rrl at llw hi~h elt',·atinn . non-polar ' it rs 1 Dunde. 
Gu liya and Qur k raya ire r ap' J and in tlw Ant.trrti1 
Pt'nin,ula . l "p to 1980. no \\ a rming was e,·id t•n1 a t dw 
South Pnlr. At Siplt' Station thr roolr r condition' in the 
last tTtllury havr ht'rn n: plar t'd by a \»arming tn·nd in 
th1· la,t two dt'rade' whirh is ri,ing j u' t ahm·r tlw long
li: rm awragr . Thus. th1· rt-rt'nt .. gluhall~ a\ nagerl 
wa rming'' is nut t•\·idt'nt at all latitude,. Tht'' t' in:-rnn· 
hiswril'' an· particularly ,·aluabk "' tht'y pruddt' a 
lon~er-ti:rm pt't'-pcnin· from which tht• , ignilirann· or 
any rrcent r hangt·' ma y he 1·1 aluatrd . 
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