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=64, =290 THh %, kb & £t DfilL Cole-Cole DA i\ TRD 1D, ZDOFHEHE 2
W, B & RS RR T 10 Hz P e Bl T B B & SO o RSB R A
BRETLZENTELPLTH A,

B &L & DEMEL THKOIEE S Ok, = 7 —KOEERE TN T, &
BABEETERRRE /oo T BKROEERS P EWMT B0 THD, UL, #EHH50m
(0=082g/cm?) %z 5 LEHE A D, Ticbh, HIMO6Im & 68m OMETRIND
L5, KRAMEMUO & OEAFKDEL Y BMHRKEL LD, T, CORIZEZAA TR
73, 55m (p=084g/cm® & 56m (p=085g/ecm® D27 —kDOBLKMHBEEIERT, iz
FEABERO ¢ 3BT L S RERERYTL .,

B 2MOBEREEE o OFHEBSENR CREN R ik, BTk T —koBaE, &
BRI OEAFKOHE L v L —HRkEWKL2nbb T, EREHOE MK ERBRENLR
I ETH S, FAFRCHE XN EREEE 6o Th 2 OHEM BRI, 0 KEI L
OMCITHELMATRGE SR ote, LaL, B2 THLMAKRE 510, 31m X )k
27 =KD o X ENE VBN T ~KkOELY L/PEL, BEEE —10°C T10-8 ohm™'m™,

250 T T T

:

DIELECTRIC LOSS FACTOR

I 1
0 50 100 150 200
DIELECTRIC CONSTANT

FAB AT =7 ~Xko Cole-Cole B, WHoHO
EFz, B (m) LEE (C) ¥7T



30 OB R -

—35°C ¢ 10 %chm ' m 1 DA — £ —ThH 5 2,

53 LR S o OFRBEBURFMBTH B2, 27 — KD &7 OFARIZIAKD LI
NT—RBCEBEMC TR TO 5, o PR 5RO BEAER oML OFERY BRI
HIEMEHTH DD, SO Lk, =7 — KOFEEBEMMRE 2K O BRI 0 # 1/10 1R
HPULteZ EHFBRTH, 50m L0 27— KD " Tl AERE i,

AR, & HEEFHCEE -, Wih@ 5 Cole-Cole DX TH%, 50m L b
B2 7 — koM, B, ThhbbBEOHMINE L TFokE IARBTHML Mk
HFNESL, =, 50m X D27 —KDORHBIL I h & ixETFRe B b,

2. Byrd A7 —3& Amery 27 —KOEBESMHMEE

Byrd = 7 —Jkd& Amery a7 —KkD ' & o DFRERHMEAE S KEHE 6 [Kiciiviz, &
BABEC BT AHAOHEETRT, FERESEEIE#TH D2, Amery kD 306 m =7 —
ERE, £ TORBD & L o DEEFKO LRI D b RkE, &K, mDEXET LGS
KRERMEERLTHAB, ZhbO—ME, ZTEO50m Lo E- 27 —kOHEE s
LTz,

b b7k 5, Byrd 27— & Amery 2 7 — 1 XEER 09 g/em® I F e S WS
DK TH B, T, RBOAMTIIATL Y OJIFNOTHR= AL F-REBEL 5, £
L, BEERERET LR, KORMCHOWTESERIED L, SFFLFXTTHE
KHAMBROME Z LB DT LD LEMTE D, KREEX 1973 46 1974 T Hi TiTb
iz, LENST, Byrd a7 —4& Amery 27 =238~V v 7L » TEIRE N TH BT
CEBSFRBBLTHD I &I Dd, TREL b ET, a7~ KkRHOENT LTS
CREECHES Y, kARG E -0 FRRBCH5HITHS, ZHIZKDOBERN
WHC oMo HIC KB ELRIZTTHA 5,

% 7 K<t Cole-Cole DX v T, 7oL, Amery = 7 -2\ TiL130m = 7 —

104

Byrd cores

&1 899m, -25.0°C
*:1001 |, -24.2
+:1095 ,-248
©0:1392 ,-260
©:1882 ,-250
Amery cores

e: 98 , 258
o: 130 , 255
4: 189 , 260
% : 306 ,-253

e
o
w

—
(=
N

DIELECTRIC CONSTANT

107 1 10 102 103 104 105 108 107
FREQUENCY Hz -

S5 Byrd =7 —-%& Amery =7 —KOFER (v) O BIE Y,
AT A - IR T, AREHOKOEE R



B oKD BRIHEE
10° l —
i
"‘E g T D, wieer, bl
=109
E / .............. S
£L .
[+]
>
(i
> 106 Byrd cores
: &
g g
§ K : 1882
- mery cores
107 o o
o: 130
A 189
x: 306
108
107 103 104 105 106
FREQUENCY Hz
#FEOHRE Byrd =7 —K: Amery = 7 —KOBKEBEE (o) ©
B, REFRESREALTH S
6000
5000}
& 4000/~
o
Q
hrd
1]
8
= 3000
<]
@
—
Q
w
o
4 2000}
1000 SN / _
K My 6 H
 of 61
o =52
0% 1 1 I
0 2000 3000 4000 5000

#1E

DIELECTRIC CONSTANT

Byrd =7 ~3% & Amery 130 m = 7 —KXK® Cole-Cole &, WAk

OFIE, BE (m) LBE (CC) %7, AFE06lmE 68m 27—,
FXIU218X101 Mo KCl #5804 ERK0RBLHV-TH D

107

31



32 OB oKk —

DI AT, Tods, WO R®, RFEDND6Ilma T ~& 68m 27—, HLK218X107¢M
D KCl &L Mk o TL L L e, SOMBIX, Byrd L0 Amery D2 7 — K
D &P MK TONCKECETH S5, T LT, TO— B RRIEA 22X107*M
D KCl #80KORBEMUTWB I ENBRINSTHA S5, Ll, KETHL BN
X5, ThbOREIEEIARMYHEL L TIBB T, Cole-Cole RJFLHEZ L DM
R BRI D 0 F IR 20, i Rl _Iok B ORE — e = ko F — IRE
ODRBLEEZBRD,

EZAT, BE5RRL L 51 Amery WikD 306 m 2 7 — @ e iZMOKOMEL &
Vo REIOEMD I D TERFEL WIIERST - Tlheun 2y, Amery 2 7 ~ 132 DML ADER
LT, TOBRKMNEEN EE T Thrieh £ 5TDL5TH5H, Zhik, Morgan?
D, 270 m ZHEIZ L T Amery Ok OAEROREIGES L5 HEFELIR, LaL, ¥
o DIEAFAKDIEDE 5T L, Lo FRS @ EE AT e a1 888k p BRI
ThB,

Byrd 27 —X& Amery =2 7 — KOERZEE LR Liclyidno&, BEL0OH
FIxRBHE ko, Lal, HizkkLE, —10°CC¢10°ohm*m™, —35°C C10°8
ohm™ m' DA —4 —Th, 7,

Iv. = =

RIAT CIREEMLCE bt = 7 —KIZBIT 2 ERAIE O RER 2 HE S sl <X, L
L, FEHICBITAKO—BYER - BILOBEARS L ToRUMCh s EETHBH &

10000 T L] T L L T I T 1 L
e18828
| 5 8938
L A ]
Z N 130A / q10958 ]
§ 189A
S 1000 ?
o '68%~98
o | ] ]
x ¥ . $61 1
- - . E
Q
w - -
'}
w
o JEp—

100 e ", 3 -
= ""—‘——ﬂﬂ—%gg/o;" % 50 0s2gam™?
=~ 7 26 -
b gl ]

78
] c 1 1 1 1 L L . L 1
05 06 07 08 09 1.0
DENSITY gem3

H8E WMENFER () LHWELOMK, ROoFoRFEEIvRDbT, BT
DHD A LBk, ThEh Amery =7—& Byrd 27 -%%¥, A
EBORGFOMGTUGRRRETIE2 7 — 2R, BHE AR,
BREBBOBEHED, ThIhEERLBEETHEZL%T T,
RIS (DR TTFIh2BABESROBRMEYRDLT



B KkoERHEE 33

RGBTV D, ThbORND SHMATELRE 2 7 —XKOWEMKE OZE LI E I E
FHE OB & L TR RHERFIOFTRATE S TH A5, FH8XEF, To—HELT, #
BHHFER o OBF O TV O TH D, 2L, JEFEY, Wmayal, EM, W,
BeRE, RS EORBEER, MORESCIEN L ECEKET HHEBELRARTH D10, KO
B E BT BER Bl o, m O, BEONSZFE 2T - AOBER
FEAMZRL T L 5 7c Cole-Cole KD FEH#h E DZF LB KRS, Byrd 27—k & Amery =
7 = XKDOBERE 5 KO REBEFRBE» DRI,
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HHBELTHE- D TH D, iHEICIE, =110 35XV ri=1 DR, v & vl =
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BWITDO 27 —KiX, BENMPICD T DEL DN, i, BRTORINSBAMEL
DA D&, Tibb, B a7 ~DROXKKTEORKE DEAIIED T, BE
MWET & g OIS EEBTIINT S, Zhid, Bedbbxick 92, ZORGFHFEAHEOFTEI B
KRWTEERFEZRL T3 KOEET ST D TH D, £OFRSBIT KRBT
FORGFHEFORMSRCEAL TW5Y, o TEHEBETREI LWL, a2 lmTsLE
Rz, ZOEAEDOEE BT HBAM @) CRFCASE, HERHY 0.73 g/cm® TiXiF
EAETWER-BRLTVBETHDH, BEThiE, BRE TFHOMEEGOEEGIEEOWINE &
LiIEE D, M073g/em® TLOBKICEL b ThHbH, BRICETHEIZLDOEHNOE
EOHEREOFMC L - TRRESD, ZTE a7 —0OB51331m Ths, Gow™ i Byrd
a7 — DfE MM 0.72 glem® DT, MIER2HLMBR G 21ED L EROKRIETAA
BN IOKBD L 3T ia 5) WEAT R LB THD2, Thii EOoMRER—FT
%, 0.72g/em®iT Byrd 27 — CRHEZI 39 m it Y T2, PRV ICLIE, ATiEa 70K
BRI ORI, WE AT EEESEMT A2 bbb M 30 m ¥ TIE—E[ (#8
mm) ZfFEH, 35m U T THDTHEMT 5, 35m X o RGITTORT O HENED TRIETH
5K THOBEMAFET AW LB RT 200, Zhd LORERE-FKTA, &=
AT, HFig a2 7~ KCBET ABEFRMED Xy, BEX0.65g/m* ITFTD a7 —~XKT
RERTEL 1) DHEWE DR S K HF MO E R L D b RE G, TR, FRFROHKEENKTES
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AL bBEHACRSFEEL THBZ L2 EKRT S, ANETRRABORE XOHAT, &
Tk a7 ~OBBIETRKEFRC LT bR, Lo T, BEEHEFECHIT CTRE
T8, COTHRAEELD WL OARERFERRME X DA HEMERD 2,

BEH 073 g/em® LT D 2 7 — KD oo DfiiE, EENER LUK 2K o BEEEKT
MR»DEEINS L5, MAKBELZRUTTH- o, XKORBMOERGE L FREHE X
DLBEHTHH0DWD, —REFD g 1XKD 60 LD bl h KEWITTHB, Lichts
T, EORER»L L, BEIMY0.73g/cm® LIFD 2 7 — KUK TRID A 1R EL T
HBHENIERIEIND, TOE STy, V-V Iy FKRKED4AOm X HiKR=
7~k T Kopp® $8EL T3, B2/ RIND X 51, BEN0T3g/emd iy
TRITHOBENRTRET S & g DEIXMIML T <,

BOE SRR T, WELNHK 082 g/em® #iz % &, s XEWBMELBRD, HEMN
KDME0.92 g/em® IS EBT & 5 KREhfEich?, COBMEE 2 KTFPTEL
Vo REFEEDOFEEK r OBWAMEEFTH Q) Rk, B ) 2> TR TH
LEREL, 20, BEBENN th, «, ot OFRKKCID 25 Wiener DHPEFE L M1
ELTRDONRICEDTH D, Lo T, FEH 082 g/em® iz ThHb D v DBEINC
3, FRUTOBED L 57, MEMC X %KOFEMROMN &M T MO O Rk L 128
5, PIOBRENBSL Twb EEL T uEbin, COBEHEK T, F2R, # 3K,
HAM, FORBIVCETRCLRLIL 51T, oo b/ Ofib 2L, Cole-Cole [MIFILHE
FEDHKDEE L IZBD TR - 1L D&, DL SKkENL S & L 3 B0
7 BRI DU THRICEZE L TH L 5,

27 ~EBOBEI Y 4Amm »Hb 8mm ¥ THEX TT- BIET, & o EIICHL TE
EAEERERE RS e ote, LIchio T, MEEIhKEFBEROTLKER, BEEL R
B o #Hts AHI W TR, 27 -RBAHORE TH D LfERIND,

Bl = 7 — kKOs F h HILFETRFY D BB TA v, Amery © 306m =27 —
FERTE, 37 K E R L foK OESEREL +25°C T (3~6)X107 ohm™'m ™! TH H
ChIf R RBEE CHELON D MK OEEECNET S, LrL, EL Patterson'” 73
WMELTHB IO, 0L RESRBKRFCL 30~70 pg/kg (A BE T (09~2.0)X
10°°M) DERFEENRTND, ZOREXMETIS DA, EHHFIVKOFMHNE FCERIC
BATHE L BEL: DO ERTERLVETHD, LK, BOXD L 5 EH% %)
TRREC, L b AR AE T TRERERE IS E, RAEONHMY, & Qclikngh
NI b BE S MCEEL OO AR 2 2TEELAH D, LarL, ZOETIHHNE
Thicd L’ ODRERMEXRPTEL 5L, BEFEODHRE, HCHELLL >, &
AU B Sk X el R R L F DG L= & A — 21 523 kcal/mol (22.0 kJ/mol) &+ 5 #fik
DEGOMEZ IR D HCHbh T b EFEL bR A,

Byrd = 7 — % BT 2BEMEI AL TL £ ) D& <SRBT Y s r =51 v (Cl-
CH:CCl, &tV 7v v, HBTH D) v 5RENME bR 2,  OFBERIKCZ
EAEBFRNEZIRTWBR, a7~k TR B0 TS LERD D, ERE
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THR SRS HRKEY ~20CDO Y s 23 L v FEORIEEL, FOFEME
Aax— kg c#lNle, TORRC LD L B IO offidfiumcimT sz Lk,
DUAMKDIEY D AN B EARD » e LIt T, ZOWED 27 ~KIxHT 258
BII—ISEEL T X &E5Th 5, ,

B DK DR LR EREHIL, FENRIh ot RETERLANDEBHEMEALETH
b, BIfICL i~k 5ic, 27 —RBOABCIXFEECER XA THE 5 EZBL TH R
M DIEIREFEL Twvb, LaL, Chan 1ob? OEFFEER XU, #likIs D & g,
DL ORI & & b 5435, HAKE 2000 bar @@ Th FhLh 3% 3 X3 %
UL, T, Miller® 12 L qug, KOFENRD 5 —EOMBERLL Ficis s &, 46 @
DKRG TR T % 8MOFEEEEOPI TN LR LEDOKET T HEEL 2, WHhYBHKD
AL G (clathrate hydrate) BNEEICHFLETE B, Byrd = 7 — DA, 0L 5 @it
EWiL 800 m YFEOKDOFIFETHWRENS D, Zhid, H100m X ECFHFO=27 ~
KON ZER A FATH B bbb TERANRIRE S ETEHTHE I LO—2DF
NeFEREEZ ShTH3Y, Larl, 27-KCBWT, ZOXDUELEHWOFTLETER
PMECREREEBIE 200 THA 5, ¥ LIE, ZOTELSHILARRBET B H
LEDBRKIIIEEN K DTN ETHIEERL B ERELZLAIWL, ¥1, FEL TV &
LTLZDEIIHBECL TUEAD 006% 1T b THBD, ZDLH5K, BirbEHKE
DD DT =2 7 —KOBRWEBR LR EELTH EXE L bR,

BHEDEZ A, 2x’ OxBuficHlmE®sTALL X, a7 -ABORMCEST
THNFHOTREEZ DORELD L 5 TH B, NFENOFRERIIIKDHIT, AP
BXRMG, H5CEEACRTES TREDK BN ERENEREIEEL T 5 2 L2
Ve ShboETFRIEE, K In MBTERFERY ThH 0D, fHcims oM 4y
Mo, KEEOHESRMORK MY, =27 —kOBIHBEHCASBELYE: 55,
¥t a7 —KAHOBPEHED B ERRIAC KT DL AN HDOREL IFNIEIREE
ERAR TRV THS 5, LichinC, KRHDOINDE L OO 2RI T 2B ER
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Summary

Electrical properties of ice cores obtained by drilling at the Mizuho Camp (West
Enderby Land), Byrd Station and Amery Ice Shelf in Antarctica, were investigated as
functions of frequency and temperature. Figures 1 and 2 give the frequency depend-
ences of dielectric constant and conductivity for Mizuho cores, and Figs. 5 and 6 for
Byrd and Amery cores, respectively. The results showed that the values of dielectric
constant and loss factor increased with the increasing density. This was attributed
to the increase in the amount of ice which plays a predominant role in the overall
polarizations of the cores and to the development of bonding between the composing
ice particles. The mode of ice bonding reached its maximum configuration at a density
of about 0.73 g/cm?, as shown in Fig. 8 by the static dielectric constant which, at this
density, has reached the ideal maximum calculated from Eq. 2 (dashed line).

Above a density of about 0.82 g/cm® the electrical properties were completely
different from those for lighter cores; the static dielectric constant and conductivity
gave extremely large values. The inspection of possible mechanisms for it, such as
electrode polarization, impurity, hydrostatic pressure, formation of clathrate hydrates
of air and strains remaining in the cores, showed that the mechanical strains in the
cores were a most probable cause to give rise to such large values of dielectric
constant and conductivity. On the other hand, the cores which were taken from the
layer 306 m deep at Amery Ice Shelf showed small values of dielectric constant (Fig. 5),
which was explained by the substitutional incorporation of chlorines into the crystal
lattices of ice.



