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Abstract

Paleoclimatic research using ice cores collected at the polar regions is in progress at the Nagaoka Institute of Snow
and Ice Studies, with the objective of making contributions to the prediction of environmental changes and the
prevention of future weather disasters. Polar region ice cores are the unique undisturbed archives of the past
environmental and climatic changes on our planet. They have revealed the fact that the temperature in the polar
regions has changed suddenly and rapidly with an amplitude of around 10 “C within a few decades in the past. We
reviewed the information derived from ice core analysis, the analytical methodology, and the present state of ice core
research.

Here we express our attitude towards conducting ice core research in the next few years. Our tentative objective is
to establish the updated procedures for high quality analyses, prior to collecting samples from various locations. It
should be possible to reduce the volume of samples required to yield highly precise data, with the analytical techniques
developed recently in this institute and our cooperative laboratories. Analytical resolution in terms of time scale may
be improved from decadal to annual or seasonal. Our advanced techniques will enable us to reveal more detailed
environmental and climatic variations in the past, their causes, and the precursory phenomena. The acquired

knowledge will assist us in predicting the future and preventing disasters.
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Fig. 1

The "0 record obtained from the Greenland Ice Core Project (GRIP) (after Johnsen et al., 1997)

(a) The GRIP §"0 profile plotted on a timescale, from 160 kyr to the present. It shows that the climate was very stable during

the latest 10 kyr (Holocene).

(b) High-resolution 8O profile spanning the Eemian ice. The vertical axis represents the depth from the surface. Some large

oscillations in 6'*0O over a short duration are recognized (e.g., around 2870 m depth).

(c) The relationship between temperatures and 6®0 in Greenland. The functional forms of calibration curves are different

depend on the sample conditions. According to the relationship of GRIP, the amplitude shown in (b) corresponds to around

15 C.
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Table 1 Environmental information obtainable from ice core analysis and the corresponding signals

REEER KK TF v
< BRREIR >

iR 0/%0, D/H, FEEIFLIIRE

IKDEM BURMERINLR, TEHER S 7 TNV L B8R, KLy 7T,
SKEAK S 7, TREE TV

BEEHT LN 8O0, Cl, Na, NOy, SO, Al, H;0,, BEKAMEE, B Mk ¥,
Wy AL

KILTEED SO, CI-, pH, Zn, Cd, BRAEUHEE, Bk +

KERELRK KA - AFHNZER: N, Oy, Ar, CO,, CH,

THEE FEEB T 7T T K B4, *H, 29Pb, "Be, TRBIE TV

Wy ApENE s, Tek

BRAERE SR IR SR

AL E H80RI T, Al Si, Ca

B AR EAKE

KR EIRE ERERE

SKERFRED FFRME, BEILEREE, 74 AL —F —

HEKIER ClL, Na

KETEE 4C, ¥Be, %Cl

HERN ' Ni, Fe, Mg, Ir

EMRmMRE KEERE

< NIfJE>

KBS - F Cd, Cu, Hg, Ag, Pb, Zn, SO, NOy~, pH, % H1A41, B ##l, PCB

BB F %Sr, 91Cs, *H, Pu * AmFINL{E

REFELT A FIAANZELR: CO,, CH,

bR BRI AT R uC, BCC

b AAN

EkaTEEEIL, ForbLBEOREICETIER
2RI LITBEIRLIIZZ0FEFILEOBICEALICRS
7=, EXka7RBHIEE Uouzel et al., 1993), 7 U —
5 v K (Boulton, 1993), JL#E L F+# (Koerner and
Fisher, 1990), ZFDIZDOHK (Vincent et al.,, 1997; Dibb
etal., 1993) oiEAIEHLTWS.
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1993; Dansgaard et al., 1993; Johnsen et al., 1997) . K D&
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{CEEE L FHEN SRR ESITT D, ZOSHIC
R Za<w 75 78HAvboNn3 (Gillik et al., 1998;
Chappellaz, et al., 1997). HUHHEZED ST L > TENR
BECHESFEEDOREL Y (Bartaryaetal,, 1993), £
R EEEERROZE (Kudo et al,, 1998) BAEETHD.
EkaTHOELEA AL OBRESIIIHTEEST T

X< B E5S5HEE (Sturgeon et al., 1993; Townsend and
Edwards, 1998), U — ¥ — B i€ J& F ® 06 &0 47 &
(Candelone et al., 1995), ES 7 VABEBA Y v 27
AN A R Y — (Goerlach and Boutron; 1990) 72 &3 H
WoHneBIRH D,

B L7 X 5z, Toka T RIRICE W CIRERRIES
EATHS. BREEOZOHUK T, EHRKRICL-T
1 EICHYTEEZEETDHZ LICE->T (Alley et al,,
1997), HbAVWREBZERMELEOFEHEHITL - T
(Dansgaard, 1964) ERBIENTOhE. ThiIBARDHE
BERLAZ LICHAY TS, a7aRCbhiz v ERNIC
STFNESHL, 7SN RROBELRLD G RFEDFNR
ERETHFHERDD. ZhiTit, EREEE (Zheng et
al., 1998; Hammer et al., 1994), L —¥F—Y58Uc X5
OBIE (Ram et al., 1995; Ram et al., 1997), FETRA A
> (Herron, 1982; Whitlow et al., 1992), BER{LAKIEAK
(H;0,) (Sigg and Neftel, 1991), HfERFE (“C) (Lal et
al, 1997) R EDT T FNAEHITTHH, BKOBEET
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FOBERB P OBSEREN O, KKPHEEROREHN
FIE & 7= (Kudo et al., 1998; Picciotoo and Wilgain, 1963).
7z, BiFEBR{Y (SO, DOREIZXY 1815 £DTambora
kili, 1783 SEDLaki kLMK R EHE L DEXR =T TH
EENTWS (Devine et al., 1984; Legrand and Kirchner,
1987). ZhbDy 7, BEEEDETEETDHZ
LT, FRAUESCREROELREDARL Y OBEL
R LEE5.

EkaTEEIFRICEIARVEELRRIX, a—ay
NOTN—T BN E IR TiTF b Greenland Ice Core
Project (GRIPII) &7 AU DF N—7HBHLICfTFo7
Greenland Ice Sheet Project (GISP2) LW HHE7mY =
7 bizko>THESBI#% (Boulton , 1993; Legrand and
Kirchner, 1987). B X% 28km BEN/=BFAACONTZ 2K
D 3000m =27 D, 11 HHEMNE COREEDOFLERN
B oz (Grootes et al., 1993; Tayloret al., 1993). Zih b
OMENPLHALEZ LIXUTOREY TH 3.

- SEFTHE (BSEAT 10000 £ER) w2 Y — 5 v FORE
REL TN .

- %9 11500 FFTic# b - RO ORI, 2R oR
Bh—BOKBEEHRH 7.

« BFIEAEED B VITEERIZ 5 ~ 10 ‘COEROKIE
AR o TV,
INHDORBICX - TEKITIZ LD RELEHHIEN

FEHZEDBI L Lo, oD, S, BFEOX
SREABKSEVULIZN TWER, RiZAKWHIZROER O
FIZBWTHE, BRIIBDTEELEZETHY, BE
IR ITIRBR L O RVIE EOFEE CAMAKEE
BB o TV ERGo b THS (158,
bHL, 520X RIEFHHEZ > fFE, HIROR
B AR, ALICHBERTBEIZEDOL S REERRES
DD TE 2.

Fh, W ohoaTERWERESEEDORE
S b, MEREBEBLELDRLT EEIONIYHE
(Greenhouse gas) OHME KB ERTEERIKLL O
MHERHDZ L LHLNI A>TV (Chappellaz et al.,
1997; Schwander et al., 1997; Anklin et al., 1997). Z# 523
FeaOXHBFETHY, BEIOERLRELTEES
TREE 23 EELERHEINTWVWS (Smith et al.,
1997).
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ASBEM S RERIIEFTCIX, UTO XS 28R
TEKITHREEZED T FHTHS.

(1) BRATPHEOSHOFRAYE : 94 - AERTD

ALt

LEOFERKTHESNERL T FEEL LTH,
O irRES o F L, @QFEHRIUMHAE DM, O 2 A8E
EThd. OTIE, HHomECRnLE, BREEREZTT
TP NOREEOEMEB L A4 AOER, 2 EDER
mEERLENE. QiF, KRELCKELZGHOERDED
MRS R Y 23 7-oDRHM EL R EN5.

= R bBBRIZONTH, BB TOL Ot
BETHD., LiIzbRLELEY, a7iEHIEERER
EEWSERLEBERBULETH S, HRCHEHEIEL
W, —F, SreEAom EIcELTIX, SV {bFEoFEEk
IzBi35, BFRBOTEEILVENYOEELRE-
T, DNABECEOEOEERHFELLYD, ROBKE
BN ELMROERLVICRBRE, SFTEBOREN
b ZOHOBREIDEELVLORESS. ¥R
NOEDORBIIFATHORTHLENLEINTIIRELD
ThoT, BELIZRLEUADY 7T ADORREL, B
SREOR LT EFEDLIBRETHE. Thbb,
I OMBREROBEIRTIZ, = TEHIMAEE WS Bk
FELRITiEH 5, Y@L, IVBREOT—F%245
BILEEFEME LIS FEOEREZBETRETHA
.
EY 5z, a7REBHIBERLOTHD LWV I FTRI
b, 1A0ar,rb i EL]OFEREEHT LN
HEERBTHS. ZIhb, RIEZE (@) Z7T, &E 100
ERICHBIT S 1 ERMNOREBEIS, EBIEREDR
Lzl B3BABEL V- RELREAT — & BHIMFT
5.

BRIy 77— B LU TICHET 5.
< AREEMEEBELSR S ST I L ELRRBR KR
- A L OBERE 2 DTV B BESRF OO BREL
- FEREETCIT ) BREGEENE LSS A TR L DB
- RIROBIE L 2 BRI ST N E 2 REEO

KL
cBEETGERA Y I AHEESTRICL A kaTH

DB E TR OHE

ZLHDIDEREIZIT-oTEELDTHSD. bLD2
DIZDONT, UTDOX D eFimiicEF L.

2 BFEHSTSATHEESWEKICEIETERRAL

VRERNE

HEsk, YMEFTIIAA v Z7ua~ I 7ICX 350
IE-2T10E5D 1 (ppb) A —F —OREREICEY
HATET (72 & Z1EGoto-Azuma et al., 1997; Koemner, et
al,, 1999). —E2KEFREELIHEITIT 100 5o D
1 (ppm) A —F —DOHFEITI Z & &E 2L, ppbA
—F—DOHTRBEIREEICENEEZLS. LoHLREDL,
IR DO EKADEE, BEKRIEEVEREOYWERE
ThHED, TORADFHEEF> TLTHLEMIEE
PUEThol. TOEERBCRETHIERBHEL
BB,

BROFRE 2HELEEREEB LT AL, BEETD
TRAVBOBRBC L > THWTEITZH LD, 1EKFD1
(ppt) A —F —OHHFRARETH IR 2T REMX 72
HEBET T A<EBESWEE (Tao et al, 1999) @AY
B EERR. TORBE, BRI I t+oE
ETRBEOHMEREBOMAETHA S5 LORMEEL
(F#2). Zhix, TROSHEBELZOEEFIALTS
BoNRWHTKBETHY, RO U OEERMBE R
DT N—T RBKRFERTFFERF ANy 7 = FLEH
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#2 KB LEBELES ST AHESNBEC L SBMEPOERTHE ST (Tao et al.

(1999) 2B DFIH)

Table 2 Determination of major metals in arctic snow by improved inductively coupled plasma

mass spectrometry (after Tao et al., 1999).

Element BEC (ppb) RSD (%) LOD (ppb) Snow sample (ppb, 1 o)
Na 0.017 1.3 0.001 8.38 = 0.03
Mg 0.015 1.0 0.001 4,08 £ 0.02
Al 0.081 1.1 0.002 3.84 = 0.04
K 0.016 L5 0.007 217 = 0.04
Ca 0.012 1.8 0.006 10.3 £ 0.01
Fe 0.022 1.3 0.003 6.49 + 0.03

BEC: /Ny 7 75 U v FERIRE; RSD: A 1 ppbDIRHERHEZ 10E] BV R LAE L
THE L2 FAxHERERZE; LOD: 2HTRA (3o) ; FREHIAEIRY 7 OEE 1 m

LERXh-.

BEC: Background equivalent concentration; RSD: Relative standard deviation, calculated from

10 replicate measurements of 1 ppb standard solution; LOD: Limit of detection (3 0 ); Snow

samples were taken from 1 m depth in the Canadian Arctic.

) EDEFAEEICE>THNHTERT DI LERT—F
TH3D. BERX, RORT 7L LT, {HLRODRVRA
BIRE S EORTTERD TN S.

(3) BESIFRICKZRERMBBLST

Bxix, FRAKEESHIRKEN AL ¥ —ICRAE
AESNF-EESBOZFRAFBERFT LTS, Z0H
BEOWETIE, —EOREIZ 0.2ml OKERELANELE
#HP, SREIZ01/5—INTHD (JELRIEH, 1998).
¥, ZOHWHRIT, T AKOEFEREZRAETHD
ZHEAIRELOTHS. bL, EBEO XS RIEERE
DHEEKBREOSIIZE N T, ZOBABKEShh
I, FZxDBWET A RkaT7TOERIBMETCORIAT
AT ENTFBEETHD. ZOAEENSE, FREXFHES MR
KEMEELZ—L, RIZATOERSTBEREATS
BIWRFEEROB N E/BTRE LR (MEIZH, 1999).
7z, BRERKE, ARORLERMEL B KIRICHIE LT
T3, ABELBEZELETCOWTHILTLVE
S OERNBEHEDFAEENDD. £2T, TOHEF
DOEEEROFELIT -7~ (Yamadaetal., 1999b).

Frx DEERNMELSTEITIICEBELT, EEBNRK
SNEHIEUTOIATHS. OBIRO L 5 ICEDTRIR
PRV HEE DB ST DB A, BARD X 5 72 hikE HuR
OEHERBIS AV LR WD, KIREKRREH OELE
REEZAETS. QXL ORBRETIHEHREED
TEOKRBORMKLEZRET A0 FEEZHRETD.
OEBRMARLEZIE T HMBICFEMZD Z & TK
HLEARICHETRICIAR D), TOREHEERET
5. BN, LROSTBRNFTE TSR EFHF O,
EHNREFETETWVRNWED, BADEWSIESEER
SEBICOWEETETIERTH S A, FROICEHRy
Da=—r RFiELEFATHEE - FIFATESBEE DT

Y AAN

@) 2BKIGBEEETV VI ORIET—2 DR

[RERASCBREEICRBIT 5 KETRICET /%R 0—
BLELTITbNAEKRaTHRIIBO T, EFVOK
HEF—F FRETAREBKE. FIT, BROEEK
HAICTIBEE 100 EROKBEBLOF —F 2 BHI L
FENETE. ERERETHDIEBOREEITD
DT, FRBRICEMBEAKBEOEILEZHOXDZ L HARET
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EHMCES BESLERBFT IR, Yl FE
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BEBREH-TZERNLREETHo=. £ 2D,
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HEER S, LRI Y F 4 TOEEIE, ThboMke
BT B BRI R THES, £0OEIZIEEL DIFEHR
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THH ¥ 7 (Agassiz Icecap) 72 & TOHFEEMBEAIZ
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