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Abstract

Tritium concentrations and oxygen isotope ratios of ice samples from Kuranosuke
snow patch were measured to determine the ages of ice bodies and climatic conditions
for their formation. An ice body of the snow patch may be divided into upper and
lower parts by the clear surface of unconformity observed at a height 0f13.4m. In the
upper part, at 19.5(the surface of snow patch) —17.5m height, the tritium concentra-
tion was 10—20 TU and increased rapidly to 143 TU at 13.9m. It then decreased to
67.3 TU at a 13.4m height. From this vertical profile, the ice at the 13.9m was
considered to have been deposited in1963. The tritium concentration of ¢ TU was
observed in the lower part (at a 3.2—10.3m height). This is consistent with the age
of the lower part of the ice body (BP 580—1760 years) determined by carbon—14
dating.  Tritium concentrations of 2.8—14.5 TU (at the 11.3—12.9m height) and
2.0—3.3 TU (below 0.9m), however, were noted in the lower part, indicating contami-

nation by water from the melted ice of the upper part having high tritium concentra-
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tion or ground water whitch entered from the bottom of the ice body. The oxygen
isotope ratios of the ice body at all.2—18.4m height ranged from —12.1% to —11.1
%. While at less than 10.3m, they were —13.5 to —11.8,%. The ice body below
10.3m showed a lower oxygen isotope ratio than that of the upper part by about 1 %.

From the relationship between the annual average of oxygen isotope ratio of
precipitation and annual mean temperature, the ice body below 10.3m was concluded
to have been deposited in a cold climate period in which atmospheric temperature was

lower than that at present by about 1.5°C.
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Fig, 1. Location of sampling points.
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Fig, 2, Vertical profile of tritium concentration. Solid cricles, solid
squares, open squares, and a broken line represent hole J
(1980), hole J (1988), 86- 2 core, and the surface of unconfor-
mity respectively.

DHFREEROSRELE» SOEER, JRIEBT2MELSOE S CHBRE L,
ZoLTHEsNT, JRZBIZ NI FULABEORESFA 2R TCALE, KDL
FEb» 5, m319.5mAEROFRERERE) 2 517.3mF TOHAHTIX100 520TU &, 1F
B—ETH20, ZhrS5TIZA®L->THIF Y ABEIAB FREL, B16.3mDA:
ETRI9ATUDOE -2 %22, 85T TR M) F 7 ABERPRETL T, 67.2TUE
S14.7Tm) X 2 5%, HR13.9MTi3143.4TU L B LR T2, 2 OBBIIKESETOES
BRETHD, 20K, 1MECETTIMCABIN) &Y 2BEIHAL, &§513.2
mT67.3TU, ®&12.9MTiF14.5TU &2 %, HE11.3mE D FOWSITIE MY F 7 A8
BIHEL, T XTS55TUMTER -T2,
ZONIFULBEORESML S, KEOSMBEOHBEREMET 2201013, B
BT 28AD MY 57 2 BEOREEZHLESLEIC R 2, BILAKFCBLTE

111



T e EEZ

KOV F Yy ABEOHERBELDII1BIELS TH L7100, ZRLHOEILCS
FRREAKD P U F T ABEDOLFIIR G, FITRODESIKLT, ZhUUFIDOELDREK
DN FULBERHELL.BLUECB Y 2BHER?E2R2 &, BILORBEKD MY 57 4
BEZERO N FYLABEZRZELVLFITERIEBT S MY F 7 ABEOERH
RS HB1964FEH S1980EE TIE, HEO MV F 7 LABEERZOEEEILO MY F 7 4
BEL LU THERLT, 1963FELATICDOWTIE, #7504 7B 2 BHN1954F 0 5
L, BYEL B IO TWEY, EREA S 7B M) FULBERLET 2
L, AZ IO F T ABEREFICEERT 2~ 4ECEE3.28) 8V, 22 TE 7B
F5MN)FULBEE32TE > THEHED N F Y ABE, TROEEILD M F 7 LEBE
EWELR, 23LTHB N, BAD N FULABECRERHESIT-> T, 19880
BEICL7b DM Fig. 3Thb, 20 ZOZ, BENZBT 32BFORAKNZ D REF
FRTWVs, 1988FICE N FULBERINIZTICARSE, LWIBERRLTWS, I
OFEERAERE, Z0LI3ELTRKOONILDTHLI:D, ZO MY F V7 ABEOHS
iz, 2720 OBREOBEE(1963FELFNC OV T F0BRE) 2 BA T2 LEbh 3,
LoL, EFEERRICBTBREFO ) F 7 LAOBBRBIERICREV O, FOREELD
N—F — T FEETE S,

ZOBEKD MY FY LBEOKEFELEM(Fig. 3) &, JRIZBUZ M) FYABEOER
o# (Fig, 2) 25t 2 &, @317.6mONE, Thbb PV FVABENERLIDTT
ST BN, BAO NV FUABEORBREMND B S % 5 7:1968~1973FH 1 3G

200
2
c N
=
-
la
'_—

0 I ! |
1860 1970 1880
YEAR

Fig, 3. Tritium in precipitation at Toyama.

112



TN TANBWEED b Y F v LBE, RERGELEEHERE

TE2EBb»%, ZLTES13.9mD, b Y F 7 LABEHNI3ATU LESEERT LIS
DII6IFEHE WO B RS, ZOT TR M) F Y LABERRKCHEL L, £213.3m (%
BEICHET S L) TI367.3TU k2, 2O F7 ABEZI62ECHEYT 2,

AEEHEL Y TOMWMSTIE, HE12.9M(FREEGET)DMUETI4.5TU L2, 20T
11.3MOBPFATHZDO M) F 7 L BEIF2.8TUTHY, 0TU L3EBIZESHZ, 2D
BRAREGEEX1L.3mM) L) b TOHMASTH, B1L.ImE TCORREFNEEE 3%
<, 1955%Em 519605FEEHE TD, M) F UV ABEOAKE T AEFMOERERLTVE LS
WRZ%, LESTHNIE, ZORBREES 2, TESE TR D 3 #DHHs
HoleT 5, BFEFNLHERE -BL20, LHL, BE11.4mOME (TEEE» S 2 m
T, R & DI S Wl OMC SR BP 13801 240 L HESh T3, 20
fe, BEE12.9IM(RBEEEET) 2 5 11.3M5T & THS19554 5> 5 1960FEHER L 72 & 5
5F21, Hobh " CERDOBREFET 2, B&12.9m L11.3mDKEZ, &3
3.2~10.3mDEo L FFR (BR) bV F U LBEN O THo7205, ZOELSFHEBED MY
FULEEUBMBEAISKBIIEEL TN F 7 ABENBL ko, EEZLZONRYT
H59,

SSWETD, E&E10.3m» 53.2mOEFTIE J RIISERAKID b ) F 7 ABEIE—0.2
2 50.3TU 0&BHEDETH D, BIERE, +0.9TU(X20), 2EET 2 &, Zh5OfEI
0TU L AR TEBTEL, LL, ZOEFTBIT S JRIBUERKO MY F 7 2 8E
3.3 55.3TU LB S 5 J 7R198BERK L 0 b &, J /R1980EHENT, BRDHERDFE
2 &I E N7z, BROMENL, BRRBOBMBAPCREADBEIZHAL Twd, 207
, HERREICEL L T AKME (] 7R1980ERED EFED b Y F 7 ABE (10TU £E)
R OKOMIIREM BRI L 2ERE2Z0C, NI F 7 ABESEL k- EBbhR
2, —77, JRI9BERAB DS, BRHRIUCKEILL, MAR ALHCHIEL TW3, &
BIEl, EREICBWTYH, AROREDOKEHI DR T o, KOMEEZIT-> T3,
FDH, JRIBSERR TR, WAKIZE > THEI NIV BEINT, ko
FUFTLABEREONZERDbNS, 20X CELLE, I0EX10.3mh53.2mE
TOHEFHEATI M) FVLBERIRLC0TU TH L LARTENTE L5, BEBREHAH
DEHARZBIZ NV F 7 LBER4~BTURETHE LINTWAY, Z0L5 5l
WTURIRO b ) F 7 ABEELFOENHERL TKELD, ZOXKO MY F 7 LBEH0.3
TULTF ez S 0iziE, MY F Y L0 (12.444F) DHI5 - 6 15, FI60~T0ELL L8
BBT2EBLEE L, FIBEROBBICI-> TN FYLBENERICEML -0
1962405 TH 53, ZONBBIEED0.3TUUTO bV F 7 ABEREOKEITZH &
Db E5I0~40EIZERNIC, TRbEDRL LD, 1920~30FE & D b LTI > 2B
BEREL THREZDDEZIENTE L, COBRRIIAEEHL D TOBWAOKEIZED A
FN Tz KEDOEMRD BP 580EN S5 1760F F TOHB 2R L-EWLERLLFMT 2, =

113



T B MEEZ

DEIETEOKET, PV F72BES0TU OHSNES TMizbl: > TELELTL
B, TEREOHRRIFTIIADBESFARE RO LERL TS,
EHIHRITGEVERS TR, EE0.9IMmOUET2.0TU, 2 L THIE BELTwaER
0 mDIKETIZZ.3TU &, MERFHETIR MY F 7 ABERBEVCRERE T2, 2OBEHELT
3, ROFEBEZOND, BREREOMBKCTIE LK > 2BAD, BZroRHT 2
B, INoDKIKERERET 2ESHEL L, ZORHAKIBRDBRECERIICHE
ET BHR»SWMAL THIR EKEDEHOMETNS, ZOoMELELTHLLED
MADKEIE, FICHEOKZE 58T, BMEEEELEVET, 202, H10TU £

(m)
|

HEIGHT
|

-15 -13 -11
50 (%)

Fig, 4 Vertical profile of oxygen isotope ratio. Solid squares, open squares, crosses, and a
broken line represent hole J(1988), 86- 2 core, 79- 9 core, and the surface of unconfor-
mity respectively.

114



TN TANBBIERO Y F v LBE, TERNMEKL & LFHEK

DN F7ABELEORBOKEKEKICIRDAL, M) FYLABESEAELZ DL
Ezoh5,

M)V FTLBENS I PR ZIEERMBLL T, XSRRO LI 5ENH B, ] 71980
FEFL86— 2 37RO, ALEICBTSL M) FYLABER, 6FERHOBBOKRAD
H2brrboT, BS—HBLTwk, L, Z06EMIIKEDERBE « hRIE « B
e T RTOED TKOBMBEREZ D, KESSEMTHNL Tolz kT2, 86— 2
A7 T, JRIBUERBOBRICHAT, KED L VEVEELS b F 7 L8BED I
AVREDRTTHS, MEOBREN L K —HU-HE, BB X2 KEOHEZBRIBADOH
ADVDHZKEDOEREEIZETTOARI YD, KERHETRABEREI SR, EWHEH
ERLTWA,

Wi, BEFMEORRICOVTIRTA LS, BRERIALL (60 #) i —13.55 5
—11.1%, KFERMEL (6D f#) i3 — 861> 5 —66 % OFHIC H v, MIUEE THRA I hI-—
ZORESE ORMALY(6%0 = —16.9~—8.8%, 6D = —107~—49%) £ 53 L, ¥b
5 HZOEEBITR, Fig, 4 R& N, ZOMERMUELOBRESFE*RTAH5 L,
HE11.3mE Y LA TIF PO EIR— 1205 —11%DEEICH 2 DT L, B510.3
mt H TS TIE—13.506 —12%50EHEA*ZEHL THB D, MHOMICIZE»ZEHYS
ROoNT, TOLIEEIIME D O L TOESTIE, LOFIDOH L. 2%1E
ERMENCEOEER LT, &7, AREMGEL TS, AR ERSED sz, B&11m
OB, THbLBRFENCHRT 2RI TEAEOR 512 2miE KTz, FEAMEEIC
ROSNLE O EFRESFET 2 2Ll h 5,

b D IhsDKED O EIZ, FREFNOBRICKE > - E0RMELEYZD %
FEL T2 RTIR v, FORMBLIZEBRRORBME, 5 VvidMKk L ORELER
B2 E-T, BT 5, ZORMELDOEZ, KOKEI/NES L, ZREOFHLY
ZABDREORCIE, VI ABEOFOKOBENRE R, BHEIEI S, Lo,
KOKIENKREL, »pOEl, EREWNNS L, KEDREICYE 3 & EAALE 2% D]
FENB ki3, EEFig, 4 1R & 51T, JREETIIIEICERIR S h-okik o
TEEHTI—9 3 7)D B0 Iz, KERIH~1240 5 —11% DEEIZH 17, ] R1988LER,
KIOTBEEL D EOESTD 00 EE L —HL Twb, 72, Fig. 4121386— 2 a2 7&K
BID sPOELRLTHEH, TOFRL—W(ES17.2~B8.2mOFEMN 2D F % J K
1988FEHMERS—HL T3, ZNS5DENS, BREZEDED > Br0kiE(LT 3
B, 2SS IOKEDRMALRER EO P OBFTHRLTHIE, 272, wokA
KL L 12 TiE, ZORMELOREEIE»E D BOESb®2 S, 19865105 12X
N7:86— 2 27 TIHIISSEDEBHIKABILL THAERTH SN TS, ZONBHSEIE
T, —ERETKEEBTb, RIBESREEINLIIICREDTHSD, ZD&

115



T # - MEERZ

3 BB HOKEL T 2 BRI B VL TEMALSET 2R, BKEICHEKED R
KL, FIOOBEORMELICHANT DB LU B0EE bITHWHEER S, LHL,
KRR B BRMELOECORE, T2bbRBORNMEKL L ZhskEL 2o
FREOFENELOZER, YL TANERELBREDRIZ—EEEIONL D, 25%2
7oBE, Kk LI L THORMAKDOZER, FhZPhORBRROBSORMEKLEOESS > b
LTWwW3EEZ BN TED,

—ig iz, HER EO b BFBFNIC BT B ELHRIR(t) &, ZOHATC BT 2BADRMIEL
DEFIIE (61%0,) L O, FHKREBEOEN L 22 0RBAKIZ Y 0 EEVE 2R
T, ROESBABED I OBBTED SN T B,

680, =0.69t,—13.6
ZoBFRAK, B31mX ) LOES ETOHS>D 0 E, zhFh—11.5% & —12.5%

ZRAT S L, 1ImE by ERTE3.00C, THMTRL.ECLWIREERTS, bekb, Z
DTIRDHEIHEIZ EHRIZ LV, L, MEOTBOZRIERELRERERED, Z0L51IC

432 o O []
% o °
LI T [] ]
L e L —
.;F: ,;;u "l o dy -/
e J
15 - \ 15 /
] a
_h_*ﬂ\ _________ ﬁ __________
E ~~
— /' é L) /l
10 BN 10 - %
T — L —
O ) 2" & —
5 L ./ = N ./
T s T T~
./ ./
B | 1 ]
5 -— B g
\- \l
' =
L. . -\ n ~._/——/>'
[ Eatl — _ a
\/- T
o - wE . O . -/-
! 1 | | | 3 | | L
o] 0.5 1.0 1.5 0 0.5 1.0 1.5
Cl™~ (ppm) SOY (ppm)
Fig, 5, Vertical profile of Cl- ion concentra- Fig. 6. Vertical profile of SO,?- ion concen-
tion.  Solid squares, open squares, tration. A broken line represents
and a broken line represent hole ] the surfece of unconformity.

(1988), 86~ 2 core, and the surface of
unconformity respectively.

116



TN TANBERED b ) F 7 £, RERGEL L ALEHER

LT o0 fEr oBoNKiB» 51, 10.3mE D TOXERBEEL D $1.5CiE F5E
B o IREICHER L, tu O BERMEESR S, AR, SRTEOEE S Lz, 1
il H S 8 i  TORMBOEB AN, 2 HEBF CAFHEL RBEOISHN S - 15
ERE L7 WS ER TR S 0 HC RO, B b BTV ESIE BP 1760+ 14059 T H
PEEEZD L, 10.3mUTOXER, ZOSBEOESHOBICHREN:OHE LA
B, TLTHIBAMRESHE) LYTF, 11.2mE D LO®ME, 1200481 L b B0E
WIT, BEL EREICRIBEORCHRINDTHS >,

Fig. 58 XU Fig, 6 XM A1 A4 > LHiBA 4 L OBES A2 ZRFNRELS, Cl-4
A 130.44%51.36ppm  TOHEBEICH -7z, HX13.4m (FEESEH) L b L D1962F LI
DOFLVIKETE, REBTEERIRLEL, TA KO ATHBCRI LTWS, =
NIETOKEIE ECMBEFEREEZRVEL TIEERD KD SHR S W R TH2 S,
86— 2 a7 DB AV BED, W OLDHERBORITBENT L XoTnsHE%
BR< &, FROERERT, ZRICHL CTIRBEEUTOHWAETIE, B32.6m8.6
mMOUB YA A > D E— I BT D N, THODE—2DRED ST KE T,
KEPZHL *FPLERBOBHELET 2 b OHH, BHLWA 4 > REAEETH 2 DT,
ZTORESEHHEIVFEFICHA LD L *OBESATY 381, Z20HInEHNEE
REEL L >TRRIZE 58N, ZLOBTHREDHBEERT 2, 20k 5 1TLERS
DE=271%, ZOXEBREDOREOHMARIZESINTWLL, Thbb, Pt b
ORI Z Z THRBM S D o7, BRTIBEL R DB S, —F, BEEA A > OBEI0.15
2 51.03ppm OEHICH 2, ZOEREIMD/NY — V3B A A > L £ o7 —KF
5o WAKPOREEA 4 > OBER, BEYI AL OBEDHTHD 1 TH2DT, fEALL
BROWMBRA A > 13%< L H0.2ppm BE LRV, 2RI OKEDORE A + > i3k
AR TRHAT E v, WEBISROFER2. Skmic i3 IR £ FEIZh 2 sk D, 7
CTRERKIUTABBHENT WS, ZOKUFTADRSHEI & > THNEBEEE T
EENEBERITHCAETH D, EEBELETHILAZRORGRBRUL2HL LIFLIESH 2,
IR0 S B S N RIL KRR B A V2 ESBIL I N T, B A > ich 72 b
DB, KEPOREA 4+ > DREFETHS S,

5. %3 ¢ ®

EHFROFERUT OB S Tk o7z,

R E13.4m (REEHE) & Y EOEAOKETIR MY F 7 AEE X102 5 143TU O &iFH
WhHoTzo OO NV F 7 LBEORBESH» S, I DERSOKEKIZ19624 LI 1= H
BLbOTHLEIHEEL,

B3 AMCREESH) & D TOHSOKED k) F 7 2 BEE, 05 515TU O&EIZ

117



= B - HHEEZ

Holeo TOWHATH I F 7 LBENFEIZOTU L VE» >0, TRAHE T L E
HOHTHY, ZOFEEFIXZERIC 0TU TH o7z FTEKEDOKREEZTD bV F 7 LBE

0TU TH2H» o, ZOEZOKEXIZ0FERLIFNICHR L3O TH2E, o0,
TEAE TR ADBENFRE R OWEBHBAL 2, AIFEOFKRICERDOKER L R {HFHM
L7z, BROKGE 2 ~3TU D MU F 7 ABER2HFOED S, BROKE I BEERE %
BMOEL T, REOKEKFZIRDAA TR EE2 D »posbilz,

KED O IF, B&IImE ) FOEFHTIE—12~-11%, TOHS Tk —13.5
~—12%THYH, LOEHOKEKIZTOEMMERTRFECL.2%Fn o7, ZOHRZS
31ImE Y TOEFOKEZ, RELD b RBEISL.SCCEVEMUZHER L BE2E®RL,
IONBHEENTEO RS SN BE BT 5,

2 DAKAEDEACH A F > 120.44~1.36ppm, FEEA A > i30.15~1.03ppm O HHE I H -
2o WA A Y DBEESM/ NS —IE—FKL, KEDZHMHALDLY FOBR EBELET B8
2, TRLLREBRACE S ENTWREBDLIIEITE—2 2R L1, ZOKRA,
LERZOE -7, COBEOCHMERFHSH -0, 2RTHELZVBIHERER
w35,

X m

1) WAREssh, BREE, SFEE ", SHiR, =BG, Bk, 48(1986) 1,

2) HHfR, REBEZ, #wEE—, SFREE, #HET, Bk, 45(1983)25,

3) HHER, WAREA, hiHeREx, BMIFEHASKESKERSHETHE, (1986)
191,

4) RHE, MHEZ, FEHE, IIEEX, KETX, LKL, BR63EEBEAETX
FEKFERSHETIRE, (1988)118,

5) SRHE, 1T, BESREOMEXEGALT V7 AREEIR) OfiE & PRI T 5 5
R (FERTEERNEZNREMESRAamR (A FRERHRESE), (1990).,

6) FHE, AFRREOAECL T V7 ANEENR) OM¥E L BT 5 3152 (B

TTEERZHEEMPSR SR (A TRERKRES), (1990),

EEE, MTHEZ, BUURZENY F 7 LE8E Y > ¥ —%eE8E, 7 (1987)73.

J. Bigeleisen and L. Prosser, Anal. Chem., 24(1952) 1356,

N. Yoshida and Y. Mizutani, Anal. Chem., 58 (1986)1273.

HTERE, &iE, BAMBRCFSF<#EERSE, (1983)55,

ETEE, BREAN, KBBE, BIUKFENY F U LRBE L vy —HFR®RE, 2 (1982)

53.

12) #eAree, HER(LSE, 20(1986)90.

13) TIAEA, Environmental isotope data, nos. 1 — 7, IAEA, (1969, 1970, 1971, 1973,

o
o@m\‘l
N N

—_
—

118



7NV ANBEEED b 57 LBE, RERNMKL & ALFEER

1975, 1979, 1983).

14) R, BARR S OAKE L7 Vv 7 AWNEBIR) O3S » BB T 2 9752 (B
TEERFENEEMBEREITR (A) TIRRRHRES), (1990),

15) HHE, #E.

16) J. R. Gat, Handbook of environmental isotope geochemintry, Elsevier, (1980)21.

17) i ER—, TE.

18) W. F. Dansgaard, Tellus, 16(1964)436.

19) WAREEK, "Rk - Rk LB, (BAENE, 1978),

119



