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The Research on 250-year Environmental and Climatic

Record from Princess Elizabeth Land, Antarctica

ABSTRACT

Princess Elizabeth Land locates in the east Antarctica (between 66-75° S and 70-
90° E). Because of hard conditions, this region is not familiar for studying Antarctic ice
sheet. The route of the 1996/97 Chinese Antarctic Inland Traverse Expedition lies in the
region. The expedition is an important step of Chinese ITASE (The International Trans-
Antarctic Scientific Expedition) which is coordinated by SCAR (The Scientific
Committee on Antarctic Research). Therefor, the data obtained from the expedition is
important for improving the climatic data of Antarctica; it can also provide foundation
for studying the climatic features of Antarctica and the influence of Antarctica on world
change. During the expedition, Prof. Li Zhongqin excavated more than 70 snow pits
from Zhongshan Station to Dome A. The depths of snow pits vary from 50cm to 60cm
which may represent 1 or 2 year snow accumulation. There were more than 300 samples
that were collected at an interval of 10 cm from the snow pits. At the same time, two
snow pits (2.5m and 3.5m)m were excavated at LT921 (71° 10.750" S, 77° 21.198’
E ) and LGB65 (71° 50.735" S, 77° 55.319' E), respectively. In addition, one 50-m
firn core was dilled at LGB6S. Samples from two snow pits and the firn core were
collected in a span of 3cm. Based on the measurement of the 6 O and major ion
concentrations, the following conclusions can be achieved:

1. In Princess Elizabeth Land, Antarctica, the temperature and precipitation decrease
with the distance from Zhongshan Station to Dome A direction, but the temperature
decreases continuously while the precipitation decreases continually. The major factor
affecting the temperature change is topography and topography precipitation is the most

important form of precipitation.
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2. The sea-salt ions are more appropriate to reveal the seasonal variations of climate

than non-sea-salt ions in Princess Elizabeth Land, East Antarctica. § '*0, C1°, Na* and
NO, show fairly good seasonal variations in shallow snow pits, but with increasing
depth, the seasonal variations of 6 '*O are gradually smoothed at about 3 meters
(correspond to about 10 years’ mass accumulation) while the variations of Cl1-, Na" and
NO; are fairly good to represent the seasonal variations in the whole profile of the 50-
meter (correspond to about 250 years’ mass accumulation) firn core.

3. Elevated sulfate (SO, *) concentrations found in the profiles of the two snow pits
for the period, 1992-1995 may be due to the June 1991 Pinatubo (Philippines) volcanic
eruption and August 1991 Cerro Hudson eruption. At the same time, the traces of the 16
volcanic events in the past 250 years were detected from the elevated sulfate
concentrations in the profiles of 50-m firn core. Though the high sulfate concentration of
a few volcanic events can not continue even one year due to losing environmental
information, it can continue 2-3 years in respect to most of the events. In addition, we
put out that the middle and small scale of volcanic events maybe found in the low
accumulation rate region easily. But want to judge the distance from the site where the
ice core was dilled to the site where the volcanic erupted, the precision of ice core dating
should be improved.

4. Based on the 8 'O and accumulation rate recovered from the 50-m firn core. The
features of the climate change in the past 250 years in the region have first been
obtained. In the past 250 years, the whole climate trend in the region is the warming
temperature and the increasing accumulation rate, at the same time, it shows many
different phases. First, it can be divided by the year of 1860, the temperature and
accumulation rate trends before 1860 are increasing while the temperature trend
decreases obviously and the trend of accumulation rate is not clear after 1860. Either
from 1745 to 1860, or from 1860 to 1996, the variation range of accumulation rate is
very small comparing to that of the temperature. Then, it can be subdivided into small
phases at an interval of 50 years, there are different water and heat combinations in the

small phases. Generally speaking, the climate trend of each small phase is increasing
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ftemperature and precipitation in contrast to decreasing temperature and precipitation.

Though the temperature and precipitation are increasing in the past 50 years, they are
not the highest temperature and precipitation in the past 250 years which represents that
the climate effects caused by human are not obvious in the region. Compared with the
results of others, either in the time scale of decade years, or in the time scale of hundred
years, the climatic trend in the region is very complicated.

5. The sea-salt ions in Antarctica ice, especially CI, Na®, Mg2+ and ssSO,”, are
fransmitted to the ice sheet by short distance and low level transmission, on the contrary,
bssSOf’ and NOj are transmitted to the ice sheet by long distance and high level
kmsmission. The procedure of nssSO,* and NO,” transmission is nssSO,> and NO, are
fransmitted to the ice sheet at the level between the top of troposphere and the bottom of
stratosphere, then nssSO,”” and NO, transmitted to the ice sheet surface and spread to
pther regions.

’ 6. The concentrations of rhajor ions in the atmosphere in the region is big enough to
uarantee the concentrations of the ions do not vary with snow accumulation rate, that is
o say, the concentrations of major chemical species are independent of snow
ccumulation rate. The results of analyzing the depositional styles of major chemical
Lpecies suggest that wet deposition dominate the major ions flux. In addition, there is no
:hpparent correlation between nssSO,” fluctuations and isotope profile. This would

indicate the climatic effect of volcanism is not evident in the region.
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BT 60 5EHEK 6 (C)ZHMER AR :
§ B0 (%0)=0.755 0 ('C)-7.6
Qin Dahe et al., (1994) MEBFERKERASHEMNINER, REART
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§ B0 (%0)=0.77 0 ('C)-13.4
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§ B0 (%0)=0.90 0 ('C)-3.4
SR ALEAML, X—XRMEILNHRERKEAFMX 6 *0 5REHIXF
AEEEEX.
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R B RTRIR AL A, AT BAZERR M ok PR I 1-6 BRI &FhES T
X TRE RN L EBEEAKRE (FAESHER, RESEAR. 4.
8. BSERERTPEMAS RESHERD. KB 1-6 FaLIFE S, Al £t
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R AR
(wa. xme v, ol | e
—i% Mg?, Ca*, SO HI K* . B
B

l“:ﬁﬁk M C CO3', é kﬁi
SO *ﬂﬁf’f“nﬁﬂt R NGRS

KERBRAS &
H*, NH,*, CI', NO;, SO.%, HETEYFALBSE:
CH,SOy, F, HCOO™ A | O»H.0,O0H| g0, (CH,),S, H,S, CO,, NO,,
ERIY NH;, A&y, x84k
RO,, NO, &Y

B 1-6: it T oK A M & Fp B R WEh (38 Legrand and Mayewski, 1997)

MR R RO X (0B T T R R, MR T KRB S TR T

tﬁ]i (RFRANC) MTETEE (RFRAL) K 5%:

AC= [Na'] +[NH, +{K'[+H"}+{Ca?+{Mg*]-[F-{CI1-[NO; ]-[SO,*]-[CH,SO; }-
[HCOO')-[CH,CO0] M
= [Na"] +[NH; K" [H+Ca? H{Mg? THF [+HCIT+NO; T+{SO,* +[CH,S0, T+

[HCOOJ+[CH,COO0] Q)

Na', H', Ca¥, Mg®, CI', NO;, 1 SO RHACHIT £ X SR FIMTER R Z ok
P FEEEF (Legrand, 1987, Mulvaney and Peel, 1988). NH, F1 K'Xf BB
BE (5<CZ<30ueql") MITTEKER/ (“hF 02ueql’), CH,SO,ITTHRE N 0.2
u eqL‘ (Legrand et al., 1992; Mulvaney et al., 1992), 71 F*, HCOO", 1 CH,COO 7t %
é’l‘%?%i*ﬂzﬁﬁﬁﬁﬁ (Legrand and Saigne, 1988). HE KT K+ EFF
wHETLIRE R
[Na"] +H{H]+{Ca” J+[Mg?]=[CI'T+[NOs+{SO]  (3)
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R 1-1: TTIROES R B A A A AL A RSB 7 5 AR
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Coastal Areas Central Area Central Area
(Present Climate) (Present Climate) (Glacial Age)
Eguation (4) [H]= [HJ=(CIJ*+ [H']+[Ca™]* +{Mg*']*
[NO; T+SO27* [NO,T+{SO.*]* =[NO; J+[SO]*
Sea salt, % 85 36 54
HCl, % N 22
HNO,, % 5 6 2
H,S0,, % 10 36 16
Terrestrial salts, % 26
Insoluble species, % 2 6 62

AR (sea salt, HCI, HNO,, H,SO, #iI Terrestrial salts) A B FIRAFE S, AT
HRICAFREE AW, . ERESEADT 1%. JF Legeand, 1987)

ER X, HFERETF (Na', Cl, Ca¥, Mg®) F1—#64> SO T B FREm
A (4 80% ) (R 1-1), MEAK, MEEERETFHED, HEETFHI
ATETESEMEETS, A NaMEEMEKPEMEFE Na'#i % (Holland,
1978) MITFE) OBk EL 5 T I STk B Bk vT /5 236 3h B T A0 T 5 72
[H*]+[Ca”]*+[Mgz*]*=[Cl;]*+[N03']+[SO42']* 4)
HA[X]*= “excess X”, RETIFHEEM X.

IR E TR ERIKEMRE, W TFREEYERHRS, Ca M
Mg W BEIRAEK (Legrand et al., 1988), [CIT*WRENIF. . BRE, FHFE@)A
NlVE [H']=[NO, ]+[SO,>]* (5)

BRI, [CIMEETE, XA THESRYS, FrKHaE HNO, M H,S0,.
MEARX, HTFCITAETE, FLTKFRT RN LRMPIRS, &
% Na,SO, 8, HCl  (Legrand and Delmas, 1988).

ARV, HTHMERT K, ZAFFEMEZEEAE, [Ca*FI[Mg* 5
HRKHE, MCII*EIETE (Legrand et al.,, 1988), TEXFEHISIFAELRMT,
BT VK E TR PUN HNO,, H,SO,, ¥ Eh R B3 1 £h 549 7
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B2, EWER 1-1 IREHME, ERAREEGT, TRHETS TEK
BRKPRASENEATS, BBEETFEENGERAREM, TEHE (HCI,
HNO,, H,S0,) &&i#f. FEARKEM, FEREKFHABENRA LT FiK
RS EM 50%, MERRSIEEZMTEEASRE MRV ERKRIKERY
HENEFREM 25%.

3 EBEWFEETERE S HRFIE

Mulvaney % A(1994)MRIT B R K S ILH PR, X RatRkokaE S EEEF (Na's
Cl. SO *H1 NO,) ZlaSMFHIEM T MIBEMMFR . ERKRHE, RE NOHIKE
5BREENRRAER —EMXR, BESMNKE L mTE—BG CIKEE
MEAERMEATRD, MESERUAKR, KEHEAEE: ssSO MkE
BUEHRUUT Cl. BERKEF EEMEE THTE S AT RARREN TR
HBFR K 1990 FHFRAMIRBHITIKER TR, HARPEIEEHE T (MSA.
Ca” 1 nssSO,”) WMEEANMMM S MIINS, BEHEFHE “Fm. KK~ &
“TIRAtRM A REARHIR” AR, BI T IKEAFIHIX Bk S H R IEAR R,
RE5TEM (exD) ML R—: 1 NOSHIER A IERWHRES & E
KRFHRBRIERAEYIXRR (FKM, 1997).

4 FEFE TR E S MHE

HT 2. e, R EMNEN, EREKPHRSMERTFH
ARAREER —LEFTHRML, RMHBBERMNFEZHN, UTHERHEFHZET
RUKRHFEM—EE (B 1-7), T &FE a8 R 2R AFE7E T 2
WHERITKE e R P — N 4.

) BHRET: REARAEN, MRKEFHEREF (FEIE CIH Na»)
EXFHIBEAE ERVNENFNEL (B 1D, REEREE: £F, IH
Bt X E T SRERR, AU ANTRIKE AR, R, SRt
FEEATIKA, H, KERESHERMEE FROREELZERTHIRA
&, FFHIBCME, EMERIKSRESKNERBEWHZEWEER, M
ﬁﬁﬁﬁ%?ﬁﬁﬂﬁ@%%ﬁﬁ(HmmJ%ZM@mMMDmm&WML
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B 1-7: ERA—THF 6 %0, HO, EMEFHFEL, HFNERERTES
(4% Whitlow et al., 1992)

2) SOFFINO;: SO —MHMREHFHIMBAM, LFHIE/IME. X~ H
FREERBRRET (0ssSO,") MBIMARE T 4IRS, M nssSO> FE K E
Tl Ly, AREREFHE YRR A RBN, SO HIE KM (Mulvaney et
al, 1992). HARRLSHFKIL NO, MKEEFERX BV IZE KM (Mulvaney and
Volff, 1993; Whitlow et al., 1992), #RT0 H X X—H R MR LS NHE.

3)Ca™: FETHEMBREIKENT KPR RIFOFTRL, EEFRTK
PHEERREFVERMAALR (B 1-7), HEEZEEEKEN Ca FEXRET
AEE, Hit, FELRAFEKME, THRKHES Ca BEHEBARE, XEKK



dRFI R FA I — (RO A A EHIX 250 4K KA D RHIG) n
kiE, BEXRBHLAFHIAREKE AHXENESHARKME, XF Ca iR
RN EZFHIRE (Steffensen, 1988; Whitlow et al., 1992).

= KRR SRR AL R

K 5 RMFIE A X R R BT K] (BREKERMKEREEE
RV e Foket, MRd £S5 E5HRETL. RURARIIESHERL.
R RS AE SR ETAUH — A B F R XTI . B R oK A%
S5HEE BN, TRFEAREIA. RS EILTHTENSERERFE, [
M TEESRARRLEENES, BRETMARSFELROES (BHEHRE,
1997). KEANiEHF ARTINELR, MEEXEIEALBIXN FRER
WHIEN., Bk, KSESELBRTUHRTAFEENMMA. SHEREMENR,
KERMUREMR (REFE). BANGEEER, MASHES. HEREK
(RF 1-2), AMESTHZLHREBUHRF, IKEHRE—MEAEERSEL (G
HEFREE, 1997). |

# 1-2: WA EHFRAITERAURAEER

15 BKIE B [A] K5 15 FHIAITER / a RE3: G2
WARELR A/ZEHY 10° THCBVMS
Bmauiis A 10%-10° TBM

Wb UK A 10° THCBVMS
A REVK A/ZEAT 10° THCBVMS
5132 A 10° TCL

H+ 100a 106 HCBM
TR 100a 107 TCBM
¥y 10-100a 108 THB

Fopuet: 100a 107 THCV
s A 108 HCVML
Jisiex A/ 10° THBVMS

a) T—iRE, H —fERMK, C— AT N RIS, B—EYRN&MHER,
V—k W%z, M—Hlily, S—THHfl, LT

KSR R BB S0 448 (Bader, 1958), UK/ K AEHEBR = 0K # 45K
T 300-400m 7k, HIETHHEHREKYESFE (Langway, 1967). 60 F4
TERS PR Z MR K S A I IR LK S R e R LR MBS &% 04, |/ITT
K SARFRIEC SRR HIFHE (Dansgaard et al., 1971; Johnsen et al., 1972; Gow et
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- al, 1971). 70 A0 80 4K, IMRIK#IKERIATIAER, HA=KIKE (Vostok,

Dome C, Byrd Station) f]6 *0 BWEMAR I HELRSENE T IEFFHME

(1-8) ] | 1
a a
' _ 0
]
=2 O
. * o
b LE
0'#
r _,/J
-\_ sV \
o 4 [’_‘ l
= -Gt—W VOStO ]C
I£ _
-6 | -
10 —35 T
[Zo]
Bvrd/\/\m 38 O
; ' . 0

0 10 20 30 40
FEL (kyr)

K 1-8: BERHN = KIUKLS 40,000 4ELLK 6 '*0 Z5{LI] (4 Delmas, 1992)

HAREHREIR Vostok 3 2100m KIS BT R SIEFREERRAIRE, F
RisE R FELLRERM 16 HELRSEZ#IZ % 9 (Lorius et al., 1985; Jouzel
etal, 1987; Angelis et al., 1987) KIK[EJUKHAR BN (130ka B.P.) BHISERET
BAC, RIRUKIAUKEER (25ka-18ka B.P.) ZELLBIAREK 6°C: &ES 4k CO, M CH,
HRANEARSRBHEBIFN—BE, KIAKSF CO, M CH, ¥4 Bl £ (] 5k
30%#1 50% (Barnola et al., 1987; Chappellaz et al., 1990).

Vostok KIS Hr T "Be. nssSO,>. MSA FIHTEEMR. FAETF, AbIk
MR TR IR R R IR 2 0T, SLKEE XU B Falvk i, SRR kI 7
BERMAKFESRERY K, ZRAFIEELL KUK S Y FR R BW/NTEL T NO, . SO
KRS BREUEAENNXR, BHXLBERSKRESEZ EAXRFY
& (Legrand etal., 1988). 90 /L LLK, Vostok B 7K T-E4HL 1995 FREEIX 3310m,
WEIREE R 40 715, FFRILT WA DKAFIRPKRERE] (Petit et al., 1997). 1998
1 H, Vostok UKiS44%]3623m, FEVKFH) Vostok WATIAX 120m, tkE T it 42
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FEURES@ELEE (B 1-9), KILEATKE—E KA RZRAE LR AL,
BBESH% CO, M CH, MRERUEBERILIFERE—B, BiKKTXBEHEE

SERIWRBEIEE] 42 TEMBEKFE (Petitetal., 1999).

RE (m)
2 500 1000 1500 2000 2.500  2.750 3.000 3.200 2.300
280K i : N
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§ wors v o AT T
< 220, ¢ a %,'A' i) ,’\‘/ ‘ : i f"“-. ! ! ‘} N !
I AL A A I F ER N LAV
i A L PN VAN E ST
i [ [ /“ 47 =
N Ly \l LAY \ \J =
_ oo Eo \ Wwv ArM y \ i \| N a7
; 30 ;.‘iaw 4 / ' / o ! ,J‘qr T \ 'Ik—:
= s ": 14 ; é s ¢
S so0- 4 M A [ S A1 /\fh A | [‘| l
3 ' u“ / -A‘ :- ! /‘\: ’~ ; ‘"‘i | * I s i / \’
j “or @ﬂ a A g,sz [~ .tﬂ" : } -—I—o.s
% - “w s " ' i
2 N WU VALV
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= 00—~ i '/ ! ! ! [ k
s o7 N LA R AL 3
- . / K \ / A ~
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z -303 30000 700000 150000 200000 330000 300000 330000 300000
3 EH (yr BP)

1-9: Vostok UKl 42 TTFERMRIFILFK R R SIRETFHSR-56 CHRIZM)
(# Petit et al, 1999)

= MKV T ERT R R

alsi (€)

Rt KREEIAR D 1400X 10°%km?, PKEEFIVKZEEA G T S ERK 97.6%, 242
RIRUK N EHARA 86%. FAtRIKEMTFIERE A 2450m, IKEEEIE 2937.8X
10%km’, HHWERFREIRK TR 85% (Drewry, et al., 1982). JK)IIZEFKMGH, MH4E
KA RE P BRIk S 2R, SRETFIEE LT 60m LL_E(Weller, 1993). &

t, FRERIKEYFCFE AR ERMRLHRE L.

AT FER LTI R RIK S T4, Giovinetto Z A (1985; 1987; 1989) &
WTEEFANDE, HAHTERKSHFREESHELE (B 1-10) FIEHRK

| BV PR RER KL EHRE (- 1-11).
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ney: {
g cmte gt . 180°

B 1-10: BRKFRAIR RESELZLK (38 Giovinetto and Bentley, 1985)

, B 1-11: BRIK R 68 R R RiE A e
i KIPTHEZAE N 100kg » m2 « 2!, | 730 WD o 6 i SR A R 1
| D @/, NFEREWELZ (3 Giovinetto and Bentley, 1985)
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REENTERMNERKBHYRTFERT KERARN, ESNARBEKE
VIR FHEAIE (WRMAKRTFYFRE ). AH (WFEEHKTFHURBIAN). &
RELMER. BHNHRERMLETARILFEZ S, @il KK % MRAE H K
KNNFLERRYE, BERKEESEIINA (Bentley et al,, 1991); ¥ 3IE 3 NAE
BAUK EEIB4E (Jocobs et al., 1992a; Jocobs et al., 1992b); T D EMM P KIRAH,
Bk UK &Y B T E A EFREIR /D (Wingham, 1998).

Bentley 1 Giovinetto (1991)2#7 7 B3k B HIkE LAIFERRE (BFEA)
FIVK B8 A IKEE MR EIK (BRI, SVTIBREERE TR RBIFFREN
WREE R X, B3t —&kEagERETRRERNYRTFER, ozl
b, BRAKEREXAL, EETREBOYFRUFATERBIRMAKETL, &
- ERUBRKENYRFREAN 200G, HATHFEFETE 0.5mm. &
| REFIRBHS ERMIR LR, Jacobs %(1992a; 1992b)E5E I B AR I HK
Wilkes Land Jb#VK42mAR RO RS KRR . 0. HRRRMELRSE, HHETIK
ERMOMEREE, EETRKENHRE, BERELENKESENBYTE
H4 500Gt. M Wingham(1998) 3 T2 RN ERKEV TG, IAAK
B 0 T4 A B AR AL LA

N GiEe5RE

MEL EXT B T kA F RIS SRR R IE R RO BB PR LLE ., REH
AEF R T v 2 PSSR S R R T IR T E BRI SRR, EXEER
KEUEMMRE N, KEFRNREBIRRE THRURIFRHOZRMT L, R
KK, BEXBX—EH, BIXKSERELEEMRE, ANEILATEAREL
FITF SRR (E R T X UK A 2R & S 7 RIRIR, fefmegiz. JURATT
REERSRZ TH, BHiKGioxre 2R CREME. Hit, ERFKK
#ﬂﬂﬁﬁiéF%ﬁﬁﬁﬂﬁ&%-ﬁ%%ﬁw?%%ﬁ#ﬁ%ﬁ%%%ﬁm
HEEEM: wESFHETREARRREREREE; SHFERNARE
é#%?%ﬂ&ﬂﬁﬁﬁﬂhoﬁﬁmm:ﬁ%ﬁﬂm%%ﬁia%,Mﬁﬁﬁ%
BsRRSURFFF R

FIRt, EAREWRKEVRTE, CHE—SOABTRITE. —FHME
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REXRAFHEA, HHEHEYRTFEESEE FHRKEHBRERTBHBE, R
BBARANY AR ROERITE, ANHEYRFE (BRTE, 1997). #
FTrMERILE, BRMBEFERSHE, BB KENRX, Fin
LEAIX K S H RSN RMZED, FRERRORENEM N
RO S5 Y B G RIREMER . RATINA, FEXTEA M RYK 5 9 5 CF & 17T
B, EFNAHR . B, FEEEFHARUTRIATIPRN.

B=H RRROXENST

1996/1997 Fh B E K ER ARGk EE LR, FIMELEHARALEF LR
Dome A J7[EHJE 300 2 BHMKH LT L +HRANEH, S81NSHE 50-60 EX
(REAMX AR RETIR, 50-60 ERKEMTEREK 1 52 EMRE), B 10
ERE M, 3Eot 300 RAMEER . FE4MAI7E LT921 (71° 10.7507 S, 77° 21.198
" E) &b LGB65 (71° 50.735' S,77° 55.319' E)AL$E T HANAE 2.5m 1 3.5m B
B (A 1-12), FH4E LGB6S AT —3X Som KMEH (FRZ AL, £HE
AHE R RARIEBKNKEIERE) . BN LR TH 3om S, ke
REFERRNKA LA DM, KRR T 75 R i (3R,
RERNOEFES.

N (B N
\60"5 ‘akgﬁ)—;[a]“l /s{‘ E

.

b 1-12: o EE KRR A DK 7 SR L
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T HMERBA HRRATEH B D ERZEREX B A ES TEFFRTK
BELF -15C), HEMWHITE. FHEEXBXFES TR TR
E8 3em K.

EEH. BHETHNS "0 MIAHTE P E R MG LRSS
EXABITHELRZET . FARERNRGE TRR LR =4 H AR, 29
MR SRR IR AL B A T Ak, M3 2 o 5 B A 50 38 10 A 75 005 LA B b B 1
EXRAEETK (KT 183MQ).

FEMABEF Na* 1 Ca™ HIHHIKA Dionex300 BT AR, HACKM
R/ 1ppb, BB CI'v SO . NOy M DX-100 B EE A0, Bk
RABR/NT 1ppb, 8 "0 MIMIEE MAT-252 S4B 4T, MBS
REFMMEGEAS “WRUETIHRKEK (SMOW)” T4, HKEE+0.5%
ZW.
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BoE ERNERTS A AR SRS T X
P ETLA SR B FFERATB R

B FERMERD A A EHXSERES 4T

MoK s Y 6 1°0 F1 8 D hEE AR MM X A SRR AL T S T H (Qin
Dahe et al., 1994). KEMDHIARLEREY, ERXIRKKS D, FMERL
FHRAREENRTIEE (Dansgaard, 1964; Dansgarrd et al., 1973; Lorius et al.,
1979,1985; Jouzel et al., 1987). Hit, FERFFRMRMMBX SIREFMERT, TLAA 6 '*0
EA BRI IERR. RN, dTHREBXS\ERIEHE OCLLTF, FiH
MBRZRB/KB AT, TH, FWEUKKRERE 300 2 BEm EREH
L EANAFR=ZAZMHHE 8 *0 MR BRI VORI R A7 2 2 X
R SRFFAE AT — 22348 .
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—RK, FRUKERET NI 6 0 B UK 3 1 4 T 45 5L B 1) A B8
£, EMKEREFEFHRENNEFEFAENBREE. EROFRNGX S
W, SRERIARIRREIR N, MERALR 69° 30.589 © FIERIH 70° 50.735 °, AF{k
DU 1° 20,146 7, BRI, 4R EINIRAR MY 386 K THEIR &M 2307 K, ABik
WEEEEIA 1921 Ko M 2-1 PATLUEH, AHK 6 *0 HMWEEE A, L
FATYH 6 %0 WFHMRE, 60 MALIEE M 24%F) 39%, AR 15
%oo DM, BARITS AR FHIX KT Y BRI 300 2 556 B P A0 03 ok 1T fig 32
BERETHHRESEMNZL. B TIEW X — 8, a7 LA # 5 w5, AL
Dansgarrd %5 A 245 (3N R M vk 35 6 PO- 18 BEREFE 0.99 %0/ C it & 1 i
(Dansgarrd et al., 1973), A&HXEAFMMIBEEIL 15C, B4R, R %k
GIRMN, 7 1° 20146~ ML ERWEE K, SER TR 4L 10 K 2.
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%, FIRRMEEFITE A FHX 1995/1994 A1 1993/1992 £E#A[R] )% nssSO,> (A
T RER BRI K LR K AEA X IR .
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LSRR, BEER, ERMIRK Som TEEHEK (4250 ) #HRRAY
RIFHIERBMN . EERE RS FIURE IR ST R R W, Rk
EXRERE AN CH Na" FINOy %‘Bﬁi{%’fw@%ﬂfrﬁxa‘%i;}JI)LZa(Mayewski and
Legrand, 1990; Legrand et al., 1996; Wolff 1996), 4R & # &+ ML il L K7
HETH, ARAREM A, RREDEZBMMETRE 10m FLEARZRIL (£5-33.1
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PRI SRAEWIE L, MEHFATLUE S, Lambert vk o6 2 tt 28 U+ 2 4%
PR, FEKEARMA, SEBWBEATREE, Mawson SCK I RIREEE T B
#.

KFENTFLEREEMQEEEGOHNTZEE, MM X KI5
RHRBEMBRRRIG KL HIRIE (Pourchet et al., 1983; Peel et al., 1988; Z= A
%, 1989; Jacka, 1990; Jones, 1990; Morgan et al., 1991; Goodwin, 1991; Mosdey-
Thompson et al., 1995). {B&, XX IR R R R /DR S R A
HHTE (Doak, 1982; Kameda et al., 1990; Bindschadler et al., 1993). iXi5 B LL)5
MK IA SRR R R FEPR LI R H 2 7. Lambert 0K )1 33878 76 55 U
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Hk. EA—RIE, RE Lambert vK)IFER TG B MSEMMEK E Atk P9+
FHURZUKBEAR B, BHRFEEEEUE, mAtHEHERRRK
B IERAE, N\ FERBRIAEFARMER (H 3-6).
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REARARBREAAR, B3-7 FLHET “BHFERR” B2 E KB Komsomoslkaya
3| Mirnyy 89 6 —BEEKEE, FILLEH, X— 8 —BEHEMHS Lambert Uk)1 7
) 6 —IRBEHEELLBEE, M5 Lambert vKJIFELARMIM 6 — B AR M2
BKo LU X R X L B — Ui i 2 6 [ SRR RN X,
FF1E

= &g

IR AR AT Lambert 21V BUR M 51 6 %0 FIRR B & PR 575U 5
PORBORTE, 878 T Lambert UKJINRALAR QA S 12 UK T 5. Bk
B RAEALRFE . S5 00TUR I XA Lambert V)1 EELTGMISEA £ 142 L1k
VREMEBAHE, AT BD, SHEA Lambert o)l FsA %t 1A
FANRAMAT I RO T, Lambert 7K 1137 5025 P 95 WS 52 F o 22 b 2 A
BENXROTFRD, Fid 2 AR R LR,

SEITT BRI RIS B A EHIK 250 B AERSIRIFIESHT

— &R

M 3-8 FAML, “EHATAR, BARRMERISAA XK 8 0 M
REMEIVEMAER, ERMAELIFTHE. AE 3-9 F1E 3-10 g8 LA —
WHEH, 250 R 6 0 IR RFE KB LL 1860 44 4> HFEL: 1745-1860 4F
STR) 6 O FAR B Z AL S INAA%, T 1860-1996 4EHIL) & PO FIEIE R A
IR Bt £,
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H(2 )
1740 1790 1840 1890 1940 1990

y = 0.0022x - 41.515
R* = 0.0102

8 '80 (%o)

150 |

100 |

BURHK (T 3/ K24E)

50
1740 1790 1840 1890 1940 1990

(A JTT)
K 3-8: FIARHRITS (1 2 T HX 1745-1996 4F 6 8O FiIER B 2= AR4Y, th 25 1]
KR EE ) — e mnthe:, £ EAauRRAR
£ (ATL)
1740 1760 1780 1800 1820 1840 1860

y = 0.0181x - 70.347
R? = 0.1857

8 '80 (%)

ER (Tr/x4)

1740 1760 1780 1800 1820 1810 1860
& (AI0)
B 3-9: BIMRAMTHRITS 22 221X 1745-1860 41 6 80 FIFR B AR, il 2 1
PRI ES y—ocektbmyTahe:, &£ EmasSumnAR
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R N ST
1860 1880 1900 1920 1940 1960 1980 2000
-32

y = -0.0175x - 3.3987
R* = 0.1744

300
- y = -0.0129x + 155.97
250 R = 0.0002
X
S~
2
L
3
3k
=S
v
0
1860 1880 1900 1920 1940 1960 1980 2000

& (AT
B 3-10: BRI FITS A2 THX 1860-1996 4E 6 80 FIFR B R A{k, gh £k 1]
PPN — R ek, A7 EA AR MEITAR

— S5tk

EJLHER, SREFRTSHRAR, TIERERAIRMIKE, E-&HM
HRAUKE, #RR AL LR FIFHRIZESR (Raper et al., 1983; K%,
1989; SEHEHRSE, 1994). [N, FItROK#EIR £ X 0K I 90 45 S &0 I Bt 7]
B AR BRI INAIA% (Morgan et al,, 1991). AT BRI GHFITS 52 FHuX 4
ML BRI SRR A R R, At X M2 LUOR I SE AN PR K A 2 30
B RIS, SR, WRIEATM 1860-1996 FEIXHE—Nfia) R L k% 227 F
DAL EMXKBEMRBENEL, BBV ERK NELREEARHE.
R AR — X SIRFFER, —EERERERUME R, L b, NE
3-8 PATLLEY, REEEMELLRMSBEMRGMBE, BEHTHSETE
HIEF]| 250 FR[EM RS (REEHINE 1860 FAA). FHtAHX A
LUKRMTHETRRR MR THREN BREN, HFALEIIROFREFZERR
HiK. NHRE 1860-1996 4:M1 6 O AR T, MBARTUAHE, HMN 250
FHMREENRE, WEMRRLEAIEMMEE. 1860 4L BREFUARHEH
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M 7E Dronning Maud Land (X th4% % 3% (P 3-11). {2 Dronning Maud Land b
X FIETAR 8 PO (HHRIME LA M (B 3-11), SEANTNTARL REBARHER.
ELR—BLZEXRNRLELZENHEHMOBEBPERT (B 3-12), B
FERBEAEHEX 1860 FRFEIMPFR TR, FRITAHIE], EHXELREL
TEREL, EREAERE L, RIERHERHLEESR, T —PHREFHBX

XIS IHRERN
36 .
8 AMUNDSENISEN
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0 | Rate of cha.pga
0.006 %. yr
o 2]
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F (A

P4 3-11: ®I4%#M Dronning Maud Land }1[X 1865-1991 4F & %0 FIFR R FAT{k th £ I
(¥ Isaksson et al., 1996)

ME 3-8, [ 3-9 F1 3-10 RATLLEH, TIASKERIRERER, 60
MR BRABUER LR IFMKKR, WREFEERKSEM, @R,
R 3-1 JUH T 8 50 FRIEE 6 0 MR BRMEHME, MWE 3-8 MRS ATLUEH,
XA EA ERORE T ZERUIIBT B, 1745-1790 41 6 "0 MR BRI L
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THIRIRH RHTR ;"[‘»'Hi!;f
gite ity Il
’} - I"M"l

’HVW

t’ | Jl;' v

TI870 1890 1910 1930 1950 1970 1990=

B 3-12: 1860 ELUK BRI T URBM (3 IPCC, 1992)

250 FERHIBARME, BTHEMT AR, 1791-1840 £ 6 "0 MR BRI FEHER
I BRI AR E, T RAIBA S0 FEMRIMHE &iEKFs, JLHE 1841-1890
6 %0 MR BERHL 250 FRME®E, BTARBMEAN, 0 1891-1940 F
BB ERRRIE, FHFE 250 ERMFHEKFE L, BAEHROEALT
LNHERLK, 6%0 KT 250 FRMFHE, MBMRBAENET 250 F£XRHF
BE, BSIRABKRIAE 7, 1R AR,

& 3-1: AFEY] 6 "0 MR RRMFHE

o 8 *0 (%0) FRRE (kg/m?- a)
1941-1996 -38.14 132
1891-1940 -36.69 127
1841-1890 -36.25 136
1791-1840 -37.77 130
1745-1790 -39.16 112
1745-1996 -37.44 127

BT AVHRRITS A4 EHX 6 %0 MMBHMAER, BATIET &
X 6 "0 A BRMAFHEE (K 3-2),

2 3-2: RIS A R THX 6 0 R RF AR B I b v %

7T 670 MR FER: (%) | BAREMOMATARAER (%)
1860-1996 4.49 26.63
1745-1860 3.79 26.55
1745-1996 4.19 26.60
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MK 3-2 FATUFH, LieR 1745-1860 4F, T/ 1860-1996 4, FHEBEEM

TALIREE AR LR /N, 10 6 %0 7E 1860-1996 FEHIALIREE I 8 KT 1745-1860 4
RIZCALHRRE, BN F&R I 2 M AR Ak 08 B K F FHE T F2 P (AR IR

= 45iE

S BRI B A FHX S0 KT EHBAESE, R T AHX 250 4
KERBE, FFRIE 6 "0 EMBWEHE ST T AHKX 250 FR S EAIFLE.
SGREW, —HHETER, BRPALTHRMORERMSE LI maR,
[ LRI HIRSRAIB B, KBUATLL 1860 & AR APIER, 1860 fELLATSIE
FMRRREHESHA BB, T 1860 ELUEENERIK, RERTHFH
2. LiLk 1745-1860 £, L& 1860-1996 F, MBRMBWIBEHLLE N, ™
SARERE, FEIEHEUEEAERATAHESETHOELEE. RN, FiX
—KBrE&F, 8'%0 M REW UL S0 FEHAMKMEET AN, K
BNAARRRIKBA SR, SAUR, A LHRAHSEHAEHHAKEM, <
{8 PRARBE A WD BF s, AN 250 A BB ) FRUBE 5 B2 = At 48 LIRS B AN B K )
GRRPRKRBEAHERERN EAMES, BBLRNL LHNBEEE, HHTFA
RIED 5 RMURBNER X KRR E .

BLY BERHAERDE 2 EHX 250 FRK LTEF TR

KUBREFEHRENKEBRASAEYREEI RS T (BEHERF
REF), KAEBRJLAUGERT LEFHRFMRERR, FAKUBRNEE
[P R—ZF M (SO, WTEKS A L RER MK (H,SO/H,0) #
RBRRL,  IXESE R AT ATE P IEH BIZ 2-3 4 (Cadle, et al,, 1976)
HIBE RAIRE A B 2B

H T K & R A5G 7E KA AP (R R R0 7K 1 0¥ I JBORE 7T LA 028 K S I 48 4 F
i, B, KUESRPLR—E A A 2w+ ERTERE LS BEZHN=
RKEARZ— (HEWABERKBES MG RLENMIL/ERA) (Dai-Cole Jihong
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et al., 1997). KLiEZ)H A HASIRRN 4 R 4HIESL (Rampino and Self, 1982—;
Robock, 1991). %140, Pinatubo KiILWEKLLE, S47E2IRVEE AKX R ERHhER
REMMBEETRET 02-0.7C (McCormick et al., 1995; Robock and Mao,
1995), St EFHREMEEHE LA (Randel et al., 1995). —R&HEK,

KB E LGB N ERFLEJLE (Robock, 1991; Robock and Mao, 1995). [A
b, B AIRALES M BEFFXN FHRASGRLAEFEFEENEX.

A7 T8 K LS B) BB 8] 551 (4 T bn AR A (R 72 BE i A7 48 — Lo pa,  Biltn
Lamb (Lamb, 1970) FT KBKEXT KR MNR E B KAETENR (DVD BHE
WA RIEM EMYE, 7 Newhall and Self (Newhall and Self, 1982) MEER FER
B KB R IERR (VED BSRE (DVI) B —L, SR A LR KR LU XS5
A EEZ WY TR EAK B RBRL, T DVI HIF L MRR T KL K
FAY A K LRB R R, Eit, EMRALESRNSEZNE, DVI fRRE
A RIRY4F(Legrand and Delmas, 1987). F#, A UL LIRFRE K LITE SR EE]F
MR AHIR B2 AR EARCE, LHEHEEUNOAR SRS, BWT
IR .

P AR DX UK ORI S0 A LS K WL iR B) M B ) RS IREE TSR B A TR HE
FRERET RUBKEPREIRE FIKE (S0, 5RAPHMBNSTERE
FIBH £ 4H3C (Wagenbach et al., 1988), WIHIATIA, KLBKR AT LMEKS PHERH
SBRBRLEJLVEZ RS, FHil, KEPHNTFRERRETRERREZ
FHBRERARIEE R AT AR T KLE D). TR VK E S K LS B B R 3
B TSRS, LUK SR A6, Delmas et al.(1992) it X} ma4k & )L
DK A B B B ABRRAR RO S, L Tt % 1000 4 LUK KL Bl i B (8] 7
%1, Moore et al. (1991) L T Rtk 770 E LK K ILESI I 8531 . Langway
et al. (1994,1995)F|FI A\ Byrd 43R5 HI0KKE T BRI 1300 2 LRI K 1liad
3. Dai-Cole Jihong et al. (1997) it *F Fath ¥ B HIPR K FIFE A RBE T %
X 500 ZERKKLEFK. ETARBHSRMERE, RNATESE =K
Rt BURNEE AT 50 KB (FRZ AT, RENIHE WAL BRI K%
) WEHRAP AL THX 250 FRAMLFEHWEIIET: (1) AKX ZRIHRIK
BRI T AKX, BRBEKLEFMANTAHX. (2) AT EFHAERNE
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MEMBETEZEEE, FHEERELER (EHRENTFET 3 ), MLk
1K WA FUER Dai-Cole Jihong 4b, EHE KL RAKFEHR, KKEWTHE. (3)
FEMARIAE, XK EZ)TEr R A R X 0 RO — bL e, Ao 4 1 A
AR 3 DK TSI G K 1L B B b (3 R AR

— BRI E LR

—RBER, VKRR AR FE AT A N MR RIRE T (ssSO.) Ak
#E R AR T (nssSO,™), ssSO RRM 2 2R F P EHNRBRE T,
nssSO, WK M AZ H,80, (BRI, 1995), WAL, KLBRHIKEN K
WHRAE KPR EAC TR B BB IRL, B, A T BRBRAR B F 5 e HE R
HIRBKUESIHES, RITEEPRBRIR S F MRS FKE R HIEE SR N
RBRIRE F4 4 nssSO M1 ssSO BHERS>, FI nssSOXWERMKE 250 R KILIE
B BB 18] 751 .

H nssSO  PRRHHSL 250 KK LTEB)MIBT EIF51, SR RAG M HR Lo /N R
RKLESIR, EERR T ERMEEIEE R RBRIRE TR AR E RN
G, A, BATS I B R R F AU T % %M nssSO> R ik
AEF Y KA K WLES) (W Pinatubo, Agung, Tarawera, Krakatoa, Tambora %)
FEH I nssSO HIME (—BARYE nssSO K E AR, MR K ILES)
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K4 3-13: BIARMRITS A A T HX 250 4E34 nssSO,2 R AL ) K W iGNt
PR T 77 RS A AL IX nssSO IR BE O AGAE . 1 77 Y sk B4 Jhp AIRC (L N - 5 Yy bdE T 22

Wit 2-3 &0 nssSOME), IR UHHLITE nssSO,» PR kM Y FIdRHE J 2,



e BRI BRI 125 S CRBRHUTRI 12 XM 250 % 4K URMSER DI s
PRI AR SRR S PR AR E,  FrviE o 2 0 R Sh IR B T ok
FERELTEE, £ X nssSO WEMMEE TARMEN 2 Hhrdk sy 288 K LB K
Ff (E 3-13),

M 3-13 FATUFEH, AHLX 250 R AEH MRS FIk R id %
RIKWLTEB)ZIE 16 (K. B 3-13 FPARE RIS 6] B 7E S & PR B nssSO, W& K
HHIBE], KB R ALK 3-3. REF Dai-Cole Jihong et al.(1997) dE#5 £h H#%
AR T 108 B IR E R B K TR M B )RR T REFRICR, {8
MBNMFEATIRPAIUEY, EAMKAKERRELRESRAE.

#3-3: FRITSAA LK LGB6S AbE A8 5 49 K LBt &R H4):

K ZFR BRRAfE AZEPRW  KL&R BEREE ARG

B [A) i (8]
Pinatubo 1991 1994 Makjan 1860 1861
Cerro Hudson 1991 1992 Armagura 1846 1848
Sub Antarct. 1975 1976 Coseguina 1835 1836
Agung 1963 1965 Gaiunggung 1822 1824
Rabaul 1936 © 1937 Tambora 1815 1817
Santa Maria 1902 1903 Fuego 1799 1801
Tarawera 1886 1886 Cotopaxi 1768 1770
Krakatoa 1883 1884 Little Sunda Island 1752 1756
= oAt

XHFUL LRI 16 UK iE B AR B A STHR & 3 30 HAth A K BAIUESE & ik
(Dai-Cole Jihong et al., 1997; Legrand and Delmas, 1987; Moore et al., 1991; Delmas
et al, 1992), HHAIHEAEZX BEN AT REBNKLED), RELERA
B TAERT LLF o) B AT — 2118

B X F VKSR S K LS B R () BB I R AR R B — R3S, — AR sk,
MR UK PR K LE B A D73 1) WEREEHRSE (SEC 3 ECM) 2)
T EIVKFEECE FIBA R FER(LC) 3) EME(H) 4) MEmBRETFITE
([SO]) (Legrand and Delmas, 1987), FRF ¥k, 30X B RXFH SO K H K L
E BB AT — 21318 . Dai-Cole Jihong et al.(1997)7E ) F R 4% 2 5 (1 PR AR UK S B
FRKUEEBEIN, ERIRAEHWIFK LEF)E F nssSO il &H5tr (FTF W
BERUBRRR) LR BARLF, R0, ERNOWFRSREP R, EFFTHE
2 EX G K LG A T bR LOB B AT . FRATTIA g i Fi I 4 5 ) 25 1 75
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TR REEHIR K, Dai-Cole Jihong et al.(1997)4K I UK 5 Hb 5 O FR B 22 7 -
450-550mm w.e.Z [8], 1 LGB65 4RIFA B HANAE 120-150mm.we. Z 8], WRER
R AKIE nssSO, FIKEETRPR, HTAES, nssSO TEIETIEF LK ¥
B, WERK, shrxd—ged b REMKLESMBMERN SR, RUbTFHE
I K ERRI NS, ik, AREREIMK, BHRIEMRLK
AR E A s — 2 N RER K LED) . HRERRER, HTF SOTWES
B8, PrCARKETRFREN AR P — e N R R KL B4, RIE TR B RE,
PEAKMZERK, HEREERRIE, RTIEASEMNE — b MREMKLER). M
EAVOMRGERKE, FIREETRSE, TR B3R 16 RKLB R T, ERBE
Biabr, WARRM G LR KK K34 (40 Tambora, Tarawera, Krakatora,
Pinatubo %), 535h, MBATHRKE BB MR REZLIEEKRE, £XT nssSO>
HEERA 5 SRR REMR N E S, RATERI, KA RERAE R
HERHT 30%, Tl B4 REMAAXTIRUEZE NI 0%, XM B —FHE#
PR BR AT K LIEDN, KSR R B R R R . Rt
AR A SO BB R IR L KLE ) B ] FR U, K LTEBIZE R B X
M 3-13 FATBUE T L P BT R0 2 6 K LR R SE R B nssSO, ¥
FAERES TAREMBE PR 2, 2 1768 4 Cotopaxi X LR RE T+
() nssSO,™ W BEAEAR T A AN 5 135 ARt T 22, RATT BT LA 1770 5340 1768
FHKLE, HREFEAEZ: 1) 1768 4 Cotopaxi k LLiEF) B2 K B UKS Yk
# &I (Legrand and Delmas, 1987; Moore etal., 1991) 2) MK 3-13 hEH, 1770
FLEA nssSO LA RAERIK, EXH—MEARMEMEM L, 1769-1770 &
nssSO W EEE AN KB L R, Ft, ATAL LU 1770 4097 nssSO,2 (&
A 1768 FEKITESNIIGE R 5350 AE 3-13 AT LAF 4, 15 KF) 20 K2 18] nssSO,>
WRAERE, B L& S AREMPE O 2, Bl THBREE & E AR
ENREFEGR, FHAARARAEL. FERATAN, 7 nssSO il k
WEBIES, —J7IEGEE AL, 55— 75 T EAR T & B i B AR 4 #T 6
WHTATIE, dKLBER K SO, AL BR AR SIE IR B0k AT LAZE KA PRI 2-3
5, BTLAVKIE A nssSO MK EE MW (B R IZHF4E 2-3 46, WM 3-13 LB H,



R B R B2 38 30— (R R 1 2 X 250 % 4K U BRI RET) 4
BARKESEERFLET 2-3F CFY256), BHFLEEEFERRFHE (W 1976
ERIEME) . RAVA A XA LR E S P ABE BRI GM (—J7 AT RERTESD
BRI RARBMEE, H—HHATREFRD AL EHXREREK, HiL
TREERMENE, FKEhESRBFRER.

— R, MK ILE B ME S 7R 0K o i IR B 1) 55 oK LR o e 1) 22 BT B
HIT KL S UK S B . 3 AR ROK SRR, oK R S K LR
EVNFEF 1 E, WRAKKLRAEES, BEE, MR, R E R R
K, MKl fe R A ERA X . WA 3-13 AT LUR B H X — £, 40 Pinatubo
KWL Cerro Hudson K WLFEZ)RAELER—H (1991), tHF Pinatubo KA F1&
SRR (FEATE), Cerro Hudson AL FH @A X (BF]D, M 3-13 FalLd
B EE X, Pinatubo KBRS CH IR E# ST Cerro Hudson Kili. {H
MB—HTER, HFZKETEREEREW, BXUKOEF A Ik L #4T H B
MTTHEE KWLM it s, SRMARS AR, WA+ 1756 4/ Little Sunda
Island K ILAESH/E TR 0] K3k 4 47, 1886 4F Tarawera K LLIfE S EF A ih
et 5@ EAERAER—F, XEERBEZIFTEEERFENZWE. F
b, MPEREIX A, DARESKENEFERE.

= 4iE

it LA EXS R AR RIS A FHX 50 KEE nssSOWEEE I 4, FA
B S SR Tid % 250 KM 16 RAWLES), RENHEGHIKLIES)
SEMMERRASSAEELR, RS REEKEINTIE, HTKLUESME
T nssSO WK FFEE 2-3 6. RN, F&EMARNIME, BALE—DRY,
STF R NREMALES), ATHRERZER RO ESRNE], mEEE K LE
B7E S TE VK o B A Tl 55 ok L v ) 0 6 i) ZE 0 K L S 0K R B, 5
WAt — PR SIS R EERE L .
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FUE FMHRNMFERTAA X FEE T HIRE.
ek AR MY T AR R

R AR UK AR S SR A KRR AR AL se R 6t T R % 3 E 1915 B (Delmas,
1992). IEER, MEEHRKEFRICGE SR SHEFEEHTEBE T I FHMS,
Wi A5 A BB Vostok ¥ KB AR (Lorius et al., 1985; Jouzel et al., 1987,
Angelis et al., 1987; Barnola et al., 1987; Chappellaz et al., 1990; Legrand et al., 1988;
Petit et al., 1997). REMWMt, HFXFKEFRUBNEFREERSFTHNE T
WEMBRAMZMHEFRORRTESGRZ TH, BiidKbhRi2p &S
B REAE. OEHFANRE BIRR T BURMERRLTH L, R
KK, EXRFIRZX—BH, LAXKGORELEEMRRE, WML SRR
FIFRBAR. Ak, F3OEBD 1996/1997 Foh HE ReEtk A Kok % 523K15
MM AR A A MK S0 KRECHBEER. AETKRE. BESREXR
KEAMBIF, Xt Lk ia] AT YL .

B BRKE UM EEE AR R

— BTFRR LB RRIE

PRIk E R RE T A LUTFILE: 1) BERET (84 CI, Na', Mg¥%). 2)
REEEF (B Ca¥, A" %). 3) SO FEH ABEEKIE (ssSO») ek
KB (nssSO,). 4) RFEHLE T Z= NO, (Mulvaney et al., 1994). ZA3itig+ A
B PTR EBRIE T 1) 1996/1997 4F o [H ¥ YR RI AR A Rt 0K 25 % ¢ 4 1) R AR () 4%
IS HT TR Rl 2) BRI 1990 & EHPrHEF RIS RRBRER MR (FERAE
EVEIES RE KA, 1995: FRME, 1991: BRME, 1992).

= EMETHEmRR
1. EBHETHERRER
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MEPFRRY (TR, 1995), MRKETHREREFEFERRTRAUES
X B, RE, WAEPIRIESE (Van Loon, 1966), #WHE FEXEEIT/E
WX HgvE E 2 K SBER R A BRI ROK A H . X T FEEHEH nssSO,>
NO, HIfEH B2 5, FATANERE T 3 Bl in B SR M B B AR oK o .
L8, XEPBEEFEHRER SO, (ssSOM).
2. nssSO.” M NO, HIfEHEKR

Wbk o FHIRE R F EE@EE Cafl A, T APIVERIELE D, TR
ok S Ca™ €45 KR KRR RIE M4y, KESRIEN A4 R, KRG K
YR Ca¥ FIRIRM A B R H X ORIER Ca», HTHRBETH. K. BENEE
MIKKEFIGEE, MBI EZR, FXEX Ca Ml AP M H B EAHITE,
nssSO,” EFRIET ARG B HE A LW B B K LmE R (RKF, 1995). B
NO,FIRIFLLR B 2%, (HIEFERMMRLE R LK (Legrand and Delmas, 1986):
oK R NO, EZRUE T (K46 B2 b X A 8] A R AR it o 2 o ) 5 K< 42
B85 nssSO» FINO, SRR s, —MEIEEZE, H— M ERETET.

BERAF, BATAA, nssSO A NO, R AT fE 2 I Iz PR 7 i 25 4% i B A st vk
E, AAEEIEAR: nssSO M NO,TEXTHZE TN -F i B JE 58 £ H R % 2 kit
E=, REEH T, FEMIIKTHX, KEHWT:

1) M R 7 BB 25 5 A R AE 5347«

ZR KU 1990 EHE o T AR S HOAE G SERL XTI LRI IR B vk o = F =5 (6] 4
MFFEBRARME. AE 4-1 POTLEY, BHREFHRENBEHE ARAT
BRAIEE, FRACASRIEHFHREXRBABHEETTEEXRIET Ross #
~Bellingshausen #§~Weddell #—% M LB ERK (FXKHE, 1995). X—W A
RAOXFHRNEEOERE U EER RS EMBMERKENR S, R, A
Bl 4-1 PRATRIN, BEFRBEEL L SO,”, nssSO, I NO, K B F13E £ ) 25 6] 4r A 5
5@EHEFERATNR (W TFRRKER SO R, nssSO i XiAE4y, Hik, SO>
N nssSO B MAFRLEAREL, T ssSO 7 RIE-FilE#h, HERSAESHERET
LD, BIAZEHRETENBRNLMAER, TIREMS 80° AH HINE
KAE, RERPRMER, X— M E SRR KA nssSO F1 NO, 1R AT e &
WL B E T MBS s, BARE R nssSO X F1 NO, ZEXT IR
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B 4-1: BEEAERM 25cm RIZT /) CIY, Na*, Mg?, SO, nssSO,%, ssSO, > Fll NO, B 1k

JE5r FFFE

B OMEERT ChI), +HZERT (14 F), ANEERE (). LUEH
BRI GIARXEO, Al (kg m?-ah), IHMIHTZERER. KPHILU
FHE G AT, W AAKEHR AR ST MA0E, E WIS M. Bhd i
TITRIEE N B A O, SR AR T Rl TR B R (1 1 ) i

FAESL ER AL 1995, BEHUESO.

IR — M EHRIE, SR — IR KG9, 7R F R AR RIS A /Y
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HAET, FAROKE A XA T B K LR )5 5 10 B () B A7 4E — IS e) 22, R
BN, M4 80° AGHIXKEARNE, AR ANBN K. AT
EEX— s, BITARTHREERERARKKEERRKBHB TN
nssSO 7 kl, RILBEANE YU B12% T 1991 4 6 A B K[ Pinatubo K LLIF1 1991
% 8 AB KM Cerro Hudson k1l GGKBAZESE, 1999a), EXMANTZHIH KM LR
FIR K LB RS S IR a) 4 HI 5 1995/1994 1 1994/1993, T Dai-Cole Jihong 7F
AR ARSI PRI LR PR K LR B 8] 2 504 1994/1993 F1 1993/1992
(Daietal., 1997), Bi&ZIBfFEH BN A2, HTXBRXLEKTE 90 F14€,
B EE EARSFEERE, SAGANEN LR AMGHE. R, REFFRMIE
£, ERKEFHIKLESERRER RMHE (Legrand and Delmas, 1987),
Jihong Cole-Dai fi# % H AR 2 X 1 nssSO i #FE ( Dai et al., 1997), RT0IAIXY
BRPAXFMX L FEEFKE. A25REEXRANARERY, SHKHE
FIREAFERRERS GRBZES%, 1999b). Mulvaney it %t Bt #ELH CI, Na’,
H1 ssSOTERHITTT AL, LAES b ib B T WKk REF AR B B A Bk N A (Mulvaney
and Wolff, 1994). MEATMBIFRPAILIE H, XMHMRMERE L5 KLEKRIER SO,>
B RAERMUTENEE, BEN: KLkER SO MRS X B =%
i E7F, SREEH T, BEMAETHX, XHTFERHREENIMAER
VAR, FRMEMAR, XX, MRKEFRHKIESERRBX RMEEE
SRR A AR T .

AT H— LU BN, TR N R A — 8T, Bk
nssSO.”, HNHY IR, nssSO,” I FEAYR T {18 4 FE g A A= 9 (R R TR K L e
T RAEXREDIREY, FEAYRIEN SOPBBMEBIKRAGE, #igFIHIx
RENFEB T PIFES, KLBRE B KB K L BRI B
FRSFH (BHEHELZFRES) (Daiet al,, 1997), EHit, TibREEEALYRE
1 SO R K LRGN SO M F MR & GHARTIMFRZRT), KE=
B AR A B fk ke B2, RERH T, BEBEIHEHX. X NO,m
&, HTFHEZRETET, FitEimnab 2= RE T, B2UT
nssSO MBS, WX — AT IERE, A 4-1 PATLLGE S, B, K4
FES A E R Rt L2y, JREETE RN Aa BV, WO 7ER 4 80° A IHbX
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T
gE ERTR, FMRUKE MR (Cl, Na', Mg”, ssSO,7) FEMIRIESH
PMRERXR[RGAEMEBIRMIKE CEEBREASHEHR), T nssSO, 1 NO, @ d =
RRXFRREARSREMIER KRS S (ZEESTHIL).

= 4iE

B X E AR K 2 LR E R T SRR 0T, AR ETARTIE, A
HUUF e, BT (ETHE Cl, Na', Mg™, ssSO,») il it i BB B 18 &5 A& 1 21 g
oK, T nssSO,”F1 NO,IR W] fig & did i #F B =y e Btk b ok T b, BAxd
F24: nssSOF NO,TEX it B W -F i 2 R 2R mE B b =, K54
HT0, BEEIHEHX.
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ME 42 PRTLFH: S0 KFEFAMEEE FHKEERBRLZ WERA X

F, Mk, B 43 FHAMBTHEEREAS FHSRALRLFMARR, £LA
KA A AEE Eak 0.001 0, #EITARX REH BEERR.
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KR EE N — g mdhigk, £ EAaARKNRIRAAR
WREEART LR RERN TR
Z AANTie

ME 42 FWRKIE PR D : WELHER, EHRHERTA L K
B FHBEBEABEAR R R A KT K, B ABEAR R RN TIm/N . AKX 250
FRU|BRRNZRUEERARKR, B/MER 55 TR/ K%, BKE239 T
/K e F. EMMERMOBUEEFMT, KRB RERRNUT
A, WHMEHRMEANT AL LK R TEE TKEAFERBERS, BT
EHAARBREBRNZN. S8E 43, RATSE—DREY, FBERIPHETK
FERNEK, ATLLHE KBRS &R TR RE S, atR 3, AHX T K
&, KARFREFRBKPETEGTERNETE, ik, XWX FokP &
BB AT RE R R T B/ X K B R0 S 1 1R B e 0 A0 & R S F IR S R A2
TR RE. Mk, ASCHR BB 7 iUy U8Rt —fgisk, ik
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Eh B TR R EEH A TR IURER, B 43 PRTHE KRR
FRTEMBETHTIRE (Daietal, 1995), AEMHEAAXPATLLEL, BHE
F CI, Na'fl Mgt TiRRE# N, R EREFLIRIE N £, FL ENE
BB FHSRIE (MR KR TR BRI RIK S ) BATAE IR BX — . XF Ca™
NO, #1 SO TiE, HTMMoEEH A FMHE, HHTHREX=METRREF
B E, FUSMHETRFSREREXIH, Ca*, NO, M SO TUME
EARRBRHEALS IR 3%, 15% 1 6%. tHTFIFEH sS4 TRE#EFIE 300
NELL, Ca¥Fl SOYE — ¥ KE T, Fitt, XHMHETFHTIURE 2R
F NO,. HHAUES, AKX & EEFFHIRFRLSIRNE, BlEHEXK
BB FHREERENEFFRARE SRR ERN A2 /.

= nssSO ARG

KL VE B B S AR RN E M4 IE s (Rampino and Self, 1982; Robock,
1991). %40, Pinatubo KILEAK UG, & 7ERIRIEH A KIS A ER R 0
MEEEFRT 0.2-0.7°C (McCormick et al., 1995; Robock and Mao, 1995), Fiit
R R 2 F AR B AR B BT (Randel et al, 1995). ZIRFHEIRIGH] 50 K
FHiER T % 250 24K 16 WALBERIE, WATHBEIERT 1991 F4&
% #J Pinatubo KLF1 Cerro Hudson ‘Kili. BESK K 1L¥EZ)HI5E S RUN C R
SIESE, KE DR KUTESITEFER nssSO N 5 R NS BIFIRAIS0 B HLEE
. Ak, BATX S0 KT EFBHEAFHUH nssSO, S0 Z 8] IR R T 74T (K
4-4),

M 4-4 FATLUE W, FTTILETE 10 FEM R RECEA, TR 250 FH
B REEFEE M, nssSO 580 JEARHMBAVITEM KR (FHXKER). AH
RE, FATAA: BAREIESO K i E) I SR, (BIX A SRR I8
BN (02-0.7°C), ERMFIEHBHEEGEN. 5, REREWS 0 EHWEE
H%, EEEEREZ nK) Xedfgin. Fit, 80 RigkmitidFKilig
5 RIFRERAEAFTT .
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BHE 4 &

Wit P EXF 1996/1997 497 (5 1 R 7 M 9 i oK 58 25 22 h X —— A il g AR 1 75
AAEHXIE 300 A BEE E-E+2NTHA S0m T 6 %0 MEHBEFLUER
BEREASY, ATLBHUTER:

1. AR AL EHX A F LS Dome A 77 [RIE 300 2 BIEHE A&
MEEKEZILMN G HE R A FER A E Y, [BAGERARRFESR, FKES
A SEA TR B . AR HTEREFEZETHERML, BKE
BUHAB R F AR 8 X .

2. MERMBRT AL XX, BHETFUHRETESEREERRN, R
SEREETHAN, 6"0 M CI, NO;, Na© —HRIE BIFHERKS, H5
ERBERIMM, 60 AKX MERMNLE 3m Af (410 4F) W%k, T Cl,
NO, 1 Na* TERAWIFH Som FASTEAA (4 250 ) HRIHEMHZHE
.

3. B ERMERDS AL EHEHEANTH nssSOWKEMH AN, BATE
EEFRMBIEAET 1991 £ 6 AN Pinatubo KILHEEF 1991 4 8 AM Cerro
Hudson KB &R HIIRE. [ 50 KELE nssSO KEERI I V4 REFILE D
BRTIEE 250 FRkH 16 WKWLES), RENHERKKLESSEMFERE
MEABAARER, KU KZHYUALEITE, HFRKUEDIFESEFOE
nssSO WA RREE 2-3 4E. AN, ZEurAMIE, HATH—PRE, stFH/h
RERKWED), AIREER BRMALXT SRMNE, MEESKLUEDIESE
DK B BT [ 5 oK L& B B T T 22 07 ok LD 5 K R O S IR B, IR 20T
B— PR BRI EEREE .

4. EEXEIRM GRS A2 3K 50 KF LMK HMEE, WE T X 250
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FROVBR, FHHIE 6 "0 EMBUIFEM T AKX 250 FRHKBAUSE
fiE. GRKW, —AhHER BFRBAL FHRMREEN <RSI
B, RN XRIERRAP B, KEATLL 1860 FEX T AHBEL, 1860 4 LAY
SEMRERRMENA S MBGER, T 1860 FLUGSBHEMREK, REXRFL
AR, TiLR 1745-1860 £, &AL 1860-1996 &, BRI IBEATLLE D,
X SEK Y, FEIEMZNIEEHEZRTAREETBIERE. R, 7
X—KHr BT, 6"%0 MIRBELWLIAR 50 4 ARG HHE TR, 88—/
BB XA ARSI BA R, SEUKR, HA EERI G SE T &K M,
SR PEAR PRI BF . AN 250 SR [ B[] FRUBE 35 8230 4= At 48 LUK < iR A &k
MERRHERBAREH 2N EAES, BEALNE LHESE, BT
AKEFFIRESFERBNEAR X KR ARAE. 5HAMFRERALRE, &
WEXXREJLTERE L, TREBERE L, [BEELBEAHLERL,

5. BAtRUKE BT (EEH CL, Na', Mg”, ssS0,2) it iF JE B {45 f
WE|FEROKE, T nssSO M NO, R AT A6 2B T & & EAE MBIk E F,
BAKEIE A nssSO F1 NO, 7EXT it 2 TN #B T B JE 3 2 5 IRy B aR b b 25,
RIS T, BREEKEHX,

6. FARMBENDB L FHX FEFFNREALGFERBRNS, W5 TFRE
HARREBRO W, FXE EEETF. QIR S L ER SRR,
FRMERB AL EFMX B FRARFABIRAANE, HEHETF (Cl, Na'fl
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