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Core Processing, Analysis and Transportation Procedures at Site J,
Greenland (JAGE-89)

Hitoshi SHon?, Hideki NariTA2 and Kokichi KAMiYAMA3

Abstract: The field activities of the Japanese Arctic Glaciological Expedition
(JAGE-89; PI, O. WaTaNABE) were conducted at Site J, West Greenland (66°51.9’N,
46°15.9’W) during the period of May to June in 1989. The main objective of the
JAGE-89 field operation by eight members (field leader, Y. Fuii) was to drill,
process and analyze shallow ice cores in the field and transport some of them
into Japan for further analyses. Such investigations will make clear the environ-
mental record preserved in the Greenland ice sheet. Two ice cores were obtained,
101 m and 206 m long each, by using two sets of electro-mechanical drills. Physical
property studies of the fresh ice cores were conducted, immediately after each core
portion was recovered in the field. These studies include measurements on ECM,
stratigraphy, bulk density, and others. Electrical conductivity and pH measure-
ments were also carried out on melted samples. The rates of core drilling and
processing/analyzing were almost equal to each other; ca. 10 m/day. After the
field operations, the total weight of 720 kg of core samples were transported to
Japan for further laboratory studies.
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e BBOK A AR % (JAGE-89; Broef#d « EREE) 1, %FRK 1989 F S A5 H
WY Y FVA R VAT 4 24 FCREHRMDCHF L, TXTOMFELK LT 6 A29RIcHi
N B E TOSSHB 7V — v 5 v FicliigE Lk, BEEIRIEe s & LT Site J (66°51.9'N,
46°15.9'W) 1“1 HiRBE K = 7 DYl & X OBHBENT A AT - 2. AREIZIE 62 FEIc
I e — AR E A AN - LA TR I R IBEEk = TR EO—BTH h, dt
IR OB AT 3 X Tk EEE OB A Tk 2 7 LETET 52 L AL TV 5.
AHEO HIE, R0 BZ SEMCER T2 20, 2k = 7 OBUBARE - ifirls LU
2 7 HRECETARERYRAT A Lk B, ok, Y —v I v EKEKLETOBRMEEN
BN 80 ThAETRIO D THS. AW TR, F& LIRS THbI= 74
M, TR ORI LeFEFIC W THET 2. £oflic o Tl T < 2h
DEELFT > T\ 5 (A - WIF, 1989; HEIF, 1990). %7, Site ) WHERORIEHME D
TR S £ OF DMOBELEE = v~ — 7 v KE IR BRI (R v 4 ) —-
ZVAH =L FEE) HOFT xR LTI,

2. KHEREFEA o HEE
BS1c St 2 AT SR O YT, B AERITIEH O BREGEMR O 7o, EROHEE - F O
xR 52 LixmaTHEHTH L (IS, 1990). o, BBl eti-~1T, =27
DEX () LER (0) OBIRAYEHEE»HRD 7. BWERE (A) BN—FTHHEE, KBED
BEH/7 4 v v [ koFERL,

z‘:r/pd,v/A', (1)
0

Thzbhd, ZZTHEE (o) 7w 7 » 1 AL, HERRON and LANGWAY (1980) R % -
THEHB X HBECLER T £ — 2 — & LTOFERHLEHE L EBRBEOHIOWTIL,
GIERN S Site J (RO E LT, FhFR —17°C (OHMURA, 1987), 300 kg/(m?-a) (REEH,
1985) % 3Rkebic. KREWEL 360kg/m® & {iE L7z,

KIKBRER T3, FREOE S (Aemfa) IKKIRBIOFE L VRS LB T 510, F
REVEFOMELER T ALELNSH L. 2 D—BBELL, KX THELZ OIS,

A=A(H—)(o:+ H), (2)

CCTH L opi ik, TRENKEE UIKIKDE X EHko#E (0:=900kg/m3) THh 5.
H ol Site J R0 & U TH#IFR A S 2000m &L U7 (Reen, 1985), 5k (2) %
TCEIEY, o 7 7 5> A LV TER 900kg/md LI ATEXICOWTE T -2, Fh, TOWEXLL
HOFEIL, 900kg/m?® O—FEEXWB D ELHFEWLTH 5.
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ALk, KRNI VEBHEBRIIS
dr=dy/A. (3)
AQ@nbHEHEh1E, R L@ nbiESR 2 L, % 900kg/m® DX
TRETSH. £ZT, H®E S0kg/m3 1T AEILUBETD A P e 7 > A ARB LTS
72D, ROMBEILITPR L A7,

A= e.?(_pﬁ(% »[40) +0.2862, (4)

T, AAD3IOOFEKME, R(D~C) TREHIA K AEZRLIBLAI> L5 LTR
DOATHS. RA(D~@ DRBEL hick s L&, X 100m T 1700 £, HS 200m T
BOOFEMRICHER Lok L7, J[EMBHBRIWAEDHHEI (FE: 800kg/m?) 13, FHHEIHh
fce7e7 oAb, FIS0mPELHEEIRC K1 cEANTOEHRBTEE LKL, =
TG L ERE  ER GBI S EHDIE 5 B AR AT -2 a v . — K-
WANIRTE D, AV avERBICEBLAR, a7hbEEROR T - 2 THLIAIE
THZ LI -T2 7B M X 7.
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Fig. 1. Profiles of ice core density (Mg[m3) and age (year before present)
with depth (m).
KOFERPREL, THAK—SOEELHEHEB TH b, Site ] 0FERIOWThH, @I
DERIZ L > THEFT — 2 ¥HER IR O2H 5D T, FOMMKERINCHEINDBFET

H5.

3. FIKIKARHIMLEE Site J T o E

YIRS Site J (3, YV FLVAMVAT ; I FMLEAR 200km, v — K —41 |
Dye 2 »5ib~# S0km #h 7o dEEEEFERY 2000 m o His5 (66°51.9N, 46°15.9'W) T4 %
(K 2). KERORLFA iz kIR Biw 7 v R, BlKEs, K EMZC ENRBE LTV S,
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500km

B2 7Y—vsv iFKEKekiFAsa7E—Y v/ #id Site J.
Fig. 2. Ice core drilling site, Greenland (Site J).

NI A B DRIF FREEEER 5. L L, BEBPCRAIEORCEEIh:
K (BnErTizf03m BEoB—KikbH D) 2, ImPBRCAFELTVS. 25
LEcEBDOKBOFEDDIK, BERBCY , t2Bs0 Wiz Ths. HHPFARC
X o TEEAE TR - BEE2 L VRSN D709, BKOMELZIIR X 5 el
iTol. 2o X5 EERRNOE M - BREBEOFEL = 7T W T ERET
LRLBENRHSH S, KO EL LT, BERGEHT), £—-Y v 7/E ik I OERIITEE
CET), WEEFXEICGET) & FA QRSB ERIFREORE /7 Lo (K 3).
Fok= 7HENE, 28E (BER 8cm L 10cm) OFEF A H =H 4 F U A BT,
REO=a7%KRmHHHEEE L THRIT 522 LA TE . £ L, BEI L2 7 0%E, F
VADAR, 27 REFOBMBEEFERE R L. B X OBEN TS SIcMiTa iz 7ok
R, AHEFRCIXEFETOFTEYLH 5. ok 6m FEE TO 2 7 XEFEOBREFHRLYEER
ERLPETHLIART D0 DTH Y, TOFETXTCEHNCRE DR > . A
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Fig. 3. Field camp at Site J, Greenland.
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Table 1. Ice cores and their ages of deposition at the bottom.

£/ F Y AR UE o E B HEEHERRSEAR
(cm) (m) (4E11)
10 101 255
8 206 610
8 6 9

B LKERERIIH 250 ¥R ThH D, JBXRK =2 7HEIES L0 = 7 AHE - T OCHOBEEFE L LT
i3, 2 B0REREHE (1.7kVA, EC2000X, HONDA; 2.8kVA, EC3000, HONDA) » f§ /i
L7z, EHIERE 101m & 206m OEED =2 7122\ TiE, FV ) v 7 {FEERD F Y Vv
DEERE, Ha7ENRECEREEHYR4CRLEL. AEDF) LA VARICEVWED D
Tediia 7 OFEIEEY BT A L3 LL 0T, T2 TR206m 27 O HERE
COWTRHLTARL Y. Ihbbnbd X, EEs,rd 100m FC, 100m »H 170m
T, 170m LT, BPFHRIRECHENIGEVBADBRS. ThbbIRENKE D L,
EUEAZBMCE LR ETHDB. RN Y AEEIFLSE E T35 2 BT A RHE
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Fig. 4. Progress of ice core drilling and daily gain length of ice core samples.

A FRREIRERIRS F U b 2 7 RULT 5 & 2 B AR ENC TR & & LAl
W3 27cdTh 5. JLEERFRD W X O Bl E ) AR EER LTI b2 e
T LRERMNL, WHIRE &L L LI RESMARTLZ L FHEIRD. ok 100m BT
THHIR D —ERENCEI LT 5 00k B Y L OfRET « ABIEEA T - ThH 5.

RERE hicTok = 7 OREWCH T2 —#HOER R 2 7 U LY, ZhiifE x« oBEEA
B Lic 2 7@t LXK 5. BIhic ks AFEEER A Lo o diciiZ o EEFI o —
BlExR D, = 708 BT 1 vRRELE. BHATH Y FEORWEE > o ZE L
7o BT, BB BT 5ABEE L TEYBRE L, RO RN CrEERER Y AR A
Ficdie, DT X5 kEHBRODWTEBIFEELT - 1.

(1) Fk=7 OFEKRWIGLEIFEFE: B THEEE = 7HERAE

(2) F/oKk=7 ORERENCETHHE: L7 #%E, FEESEEE, BEREE

(3) BIHFENT: MWRESILERE, pH, ¥RR
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(4) EHAMBH OIS OBMNIE: (Lo iR ORI & VIRTAE, WEETFERHER

IhHD4FHCOWTL, BB TERINLEET A v OB EE L THEED 5\
MG OB, R 4 X0 FIR, WERE - Tkl e >\ W TBEDRITHEN 2 b R
bR ER LI

BHTHObh 2 7AE - BS54 VB XOEEFIHZ, F+ - PREBARKEACT
AL (K5, X6). 71X 6FomMAMEIEFC OV T, MERAPHLE & N HE AR
HO®EXIT > en, FMrihREzchZhRT ER8 m L. KRicz2 7EEOHRNIKC
o CABFIEAY HBT 5.

BE=27 PV AR bERIh 27, BREIOEHZ LcBEIES, 2 7&S, KIRE
Rerp K xLBLic27 7~ &3k, ETHRMBRODWLT I AF, 7RI ARDRS.
ZLT, MERSHOFET LSm @ &elffbh - WEBHSEA (—15~-10°C) oL
B4 v (WS) nfFEbrinsd chboa7i, ##/EE (M7 —-71) BT
FOROEHIC L - TEbNI 27 ERAbEZ IR, =27h-> TEM Rz r — L8
B b, Rebe#ay, 2 70BEKASYREOFITHEZBTLL b, BiRE (&
B, RO, &R kHOoRX) ZEMRCETKTER L. LT, @A L L
TORIFEK 10cm D/ v T it HldD~—F v 7 a7k, £LTE
DB EERLCBEEX ALK, EVa7% 50cm ZLigiliLic. S0cm oK X3, H

|i*i‘iiiiﬁiﬁiiliﬂiimiii" *hulk BEOWE > [ ! 0

B >

A LF=TW ;

CaAFTDREHE A

oH AU Y YR POHEK N FY—

o AR B DR o a7 DYIN : RN BE

4
opl, RAGHROWE € oBK LA (1 Ocnfe i< )

HRY «

<
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Fig. 5. Ice core processing and analyses.
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Ice core sampling procedures.
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Fig. 7. Sample preparations for continuous chemical analyses.
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AFELRIYORBABEOTED D THS. S0cm 2 7eonTik, BREAERXfT->TAL 2
(Bulk) xR, BT, hb S0cm =27, FLuv=27HE, A, =7 L,
TWHOBEHEH LIc2 72— Faikabhsd. ke, co=a7xfEE 25 L,
ZDO—DREEL LTHERMBITAE L, 35 —HLFEBIAL LTI bRV FY — T
S 10em AR v 7 il T h, REREMOF L HIR Lich & hTh#RK
BEEEM LT 5 AF, 7B/hpi Licos, {LESAE LTRETS. WEREITH
DT, YIMEY I 7r b~ ATERR LD, FEHER FEAEREEERNE TH
hBn. xR, FEERFTH D I¥RE L BEREUER DRk I X 0L ¥ A 0B InEk 2
BRI hs. ®BYOMIGENFTAOCKELB v GEAR L LT, ETHA - 2 7S - &
LEDOFRDMNTH LT 5 2F, 7VBEAIR, BT 525, 7 ¥ VE- LERI
MaT%. =270RBYESZMEM L LT, BExHAG

—77, BRACEIRIN Y TR, ABREREY BT S X 5 TR IR IALFERS T
e i#OCFh, 2oTr2V—vv=7, £)7e—7Z0PEERYERL, BEE
HOLERLE  BREY ATy v A AB AU TR 5 & Tfibhic.

HERARAE (X T7): ThZhoy v 7 MIOBERBE AT v v A+ 1 7 THIBR LT
DH, MBHEROT 7 e VAR TET VY o TRELL. SRHEOZERASEE 2-T,
GV INGERENECE AL, BF VYIS RE > TEREYETRIML, oK X
- TERBHE 2\ “LBBEVT L, MAREEARNL, Zo%, FEAEHCESD T 1m
TEDRGY VI AEBARST bR FERSRIE RO MBRRARBEO —Hx AT,
BRIEHE L pH OBBRIEET - 1. BohBRI, WHRMITMCIIBET - xL8b
2T, TORDOEBEDORRY 1 Xk X OYIMETOREFA L.

NERFEABHLE (K 8): il L@ T L MLED L WIHEH I DWLTE, TERAR
BBz T-7c. ThEhORNL, TOMEEE U “HiLE” Ale3hTn3. &kE
27 (10Im, 206m 7§) Listicd, REYE » PR - LE Ihi.

ERANOEGIR ) R HE IRy v 7k, HERER & SEEEHCT T

® 2 HAMBNA = 7 AR OB E

Table 2. Ice core samples for laboratory analyses.

#E 3 H ik HE i}
Yo B R W B R 400 24
L2 ER 5 B 200 10
I SOk - KR 30 2
FRFLE R (A iR 60 3
Y- <7507 iR 20 1
210Pb - + Yy 5 4 gz 18 1

PO 720kg 415
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FvAR—- LECHEEh, BEREOERFBRENS 2\, PO ERGEHTEUEN R
B L.

HEEAED 5V IEREEI LT ERNL, Site ] 2bY Y FVA PV AT 4 2AF
R L. TOREDLCEHHEARE (—20°0) 55 W IXHEABCHRE I IFERNL, HIE
THAZ TLRB XN, BRI Y PABOEMIE 2 RINT 5. BEBEER X
CHEREXEORER I LA Th 630ke, Bkg LicoTe.

S BGMMAMAER

BB EiT-C, =2 7HERYENCTOBNCEL > TR TAF TSI LILUTOX
5 1R D 5.

() =7 0FHUCRIE K 2 WEREOHIE,ATES.

(2) =2 7HEBRIABEBIEREC R TES.

3 =2T7HEBIEBRMCAFETE S,

4 BBEEOARRBYMELLTES.

REFHBCOOLCTEBMICBXTH L 5. BEBEBCE T, =2 7RRIECEE DR
EBHZIHLINTWD. Lk THERO—TABRATITV, ML TEAFLARDIDO
REHLBEEITS 2 Lk, ZofBEEEABEYBRTI I Lcid. SHLERIGHEDE LWL
FERS L ERCDOWTL, TR LTHLRERMENLEE L. IL N FISE LT
WRBOHIEAYRAZ LN TES.

BH#ic s\ C, BRTO 2 7 BITEHEICIS U AR OFR - BEN X v BT D, X
IR LD 5 I EROREGHOHNL LA O~ Btic BB X 5% B\ 5
BB TED WA TE S,

EROMNE R 2 7 2EDOERIML - L el > T, BBEELETIAMD 2724015
BT O, 2 7 BITOBEIRM OWRE E OB IctERE 0D,

FU Y v rEER, B -RFEREOLD, BELTESDARRZNELTS. Lt
TEFEWCIL 2 7OBBMA =T -T2 AANABERL LT YY) Y v c#HESMT 5
TENEFE L.

SEOBRHBITCOWTEDO—HE RENCENTHR LS. =27 0OFKES K 2OWVTE,
e B ERETs = 7 OHEEERCE SRR ORI SHIF SN, FI Y v 7 HEOIE
B, =27 OBEELERL OBFRYHE LicZ LI~ b Th s, La LEHTH
ELEGERKEEE L SOBR (HERD, 1990) #ER LT, k#EREROHEMHELXED
WEBELABTAET L L E0BE L L. {L¥ERAIC O VTR B X 5 e Ko+ Biig
ABPE LTARE L., ChIEARRLAZRAROBERORLM L ZoOBROFIER, xR
BOBIBAE A E LicbDTH D, (LEERSIFINCHBELABOREIKEL, a7
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Table 3. Preliminary results of EC and pH measurements
obtained in the field.

WEHA BREEEE (ps/cm) pH
W OE K 1543 218*
SEO 1.5 5.32
B Ok fE 12 6.55
B o fE 0.78 4.25
B % 0.70 0.27

* W LR R OREE LS.
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Fig. 9. Profiles of electrical conductivity for liquid core samples.

B OBEEAESIFEANCHE 27 L LTRHRLRLZ LR EXEEL, MR —HI
BHc &8 Uiz, 2000 3okhc B SRRk S S0 0 3k A B E T 5 ik, RArtang
BEHCT-> BREEEOHAUERAYFB LA(X3). MEERY Y 2 VicATI LB#
Ta7&@En7e 7 > A ARERNY), = 7H#E2FLR ) ORBE T RIS, K
BEBOF -2 THHOT, FENHNCAMESTRRLTVS. ABESIL = 7RECHE

BRECHEEYETH AV EEOREECHEKE L THE LTV Z 285, Lt TER
CHEEOE WA B ANEBEORBTFER kT 54 0TIk, BETEBLYHL T
WBZENHERTES.
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6. = 7 HLER - MEMTEEE O T D E

PLEBRTE X 5, BHTo 2 748 - fmEamEc B8 - TRHETH HiEn D
T, BNCRT 2@EHEZEBRECHEB IR 2 ETLRHT I ENTE V. FEOE
TR L 5, 2 7HEIO YN ENEEIC N TAEEREOERNF Ly, F iy
EoELEEIOTPCEF LS. VY LORS - BHAKR, EOMREEL L LR
ABETHERERTHE, 27 AH - TOREMIZEZHETH 5.

B Cfrbhic 2 7 OE - ITEE L, FEGERE LI2ER CH 10m/B THh o7, 1FE
ABIPHSAT, ThrthXx s UTRfE - EEATE - YIMERTRE, v F v -,
17wmb—3 vy - HEBE, FEERLEE, MALFLABRCs R THY L, 2000k
R REEE (K- v 7HRERNE, ¢ r8H, &S, REyv 7)) v, SR
B, WEEE, EBRERLY) 2iT-o7c. FOfEE oo o cERIRE 0.5-1
HHREATHZ EEHEFEETHL, 10m/H OMUE - ITEEZEB 4 L OEECHY TS
TEREEE L, FL LT Y FY -k X270 GRY), REE0%) L&EAXE EToLEK
fERCHBIIh D, SENBREDEELS TR, FRBELEEEOREL E$~XT 50cm £
LY = 7 Ciibht. bt X 5, KK 2 7 BEEERRERE, TCrBET O
BRIsATo ik ®) JlE - WB IR0 RIEE L. SEOHE - WBE DIz &AL
BFFETT 723D THH, HEERELTH 10m/H OFN « flE - UEERECTH-7. =
DEEE, BEHEEIO L5k 2 7R IBEEAKEVCBECRIRHIETERNLDTHD. Th
i, To & XA EEREEOBIC I EBR A AT AR EAL, 2 7 YMIEE IR
LR 2mED a7 R —KICYH - BT ZEBEEOSVCHEBME LAY Ry -Gl v 257
A DBFE, £ L TEEREREEE D L 5 L I EFRAELZ LE LT3 012, Al
B\ a7 oRBRE AT ADOMBEIATRTHSD. 202 Lk, VIBHEROT — 2 o/kHl
RS E LB, FESDERLR LI, MR ZTHE Licy — A0 25 Lo # & THaM.
BT 5 L FATRETH S 5.

{LZFALEE & AT DV Tk, BRAERR O EREEE, pH, (LFERSsAARO 7 4 1
& — BRI, ZOEBHWHEINS 7 4 v 2 —REAYKEL, A HEESHELEN
~FbRbsc ki L, toRpPHRELEAMEHRENEET L. TOodEI b
15 L5 PpH D7 - 2R BRIEEECHBE LTELI AR, BbTo 2 7820 T
DALEBHRA~D T 7 ¢ AXBREEEBECEShC. BREEEOEROATL R TOR
Bl DB O BRI HE TH-cb DD, SHRENTORMLEY X 5 HFctD %
DIZHBHTO 2 7THBRADT7 7 £ ADEZIKREVC EEE L. SHRABOABLc
& B BHEALHRTE L ABCATRTHS 5.
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7 ¥ b b

AWML TRBMTO 2 7 4R - B, ER~OER W THFCR~NT. £hEh o4
BFIE - MTEROFMCERI, SBRAZThOWNERBCET 2RI OPTHEI LS.
RO FB N IRBIE & T hictk > BB OFIH - Kk owTix, £oRERh+4
A L EHSADETH A D, KRINEDLDDO—20BFLEETHS. £HE
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