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A laboratory Experiment on Melting of Pressure Ridge Keels in the Summer

Wladyslaw Rudzinski* and Masaaki Wakatsuchi

Institute of Low Temperature Science, Hokkaido University, 060, Sapporo

Summary.

Pressure ridges are accumulations of ice caused by compressional and shearing
interactions of ice floes. These ridges rise several meters above the ocean surface
(sail) and may extend from several meters to tens of meters below the surface
(keel).

Knowledge of processes related to the ridges is important because of their in-
fluence on thermal interaction of the acean and atmosphere in polar regions.

This experimental study attempts to model a phenomenon which occurs in the
summer Arctic; namely, the melting of the pressure ridge keels floating on salt
-stratified water under uniform temperatures.

The experiments took place in a glass tank that measured 0.60m long, 0.30m
wide, and 0.45m deep, which was filled to a depth of 0.25m with water linearly
stratified with salt ( salinity on a surface approximately 3%, and salinity gradie-
ats: 1.6 ,2.6, 3.8 %/m ), at uniform temperatures: +10.5 , +8.7, +4.4 , -0.5 ,
-1.5 C. A block of bubble-free ice ( 0.10m long, 0.10m wide, and 0.04m thick )
having initial temperature about 0 C was submerged in a centre of the tank, and
extended 0.03m below the water surface.

Temperature of ice, temperature and salinity of water, and Schlieren data were
collected during each experimental run.

During the experiments Schlieren image was as follows; meltwater concentra-
ted on the surface: below the ice block, water sank untill it reached neutral buo-
vancy, and turned towards the far-field of the both side of the tank, then turned
back to the ice block; below the top layer, several thin layers were observed.

Our laboratory results show the following pattern of the heat transfer from
water to the ice block. Just next to the ice block, there is a boundary layer across
which heat is transported by conduction. Next to this layer,there is a convective
layer,which appears to be thermal convection. Below this, there is a double-dif-
fusive regime with several diffusive interfaces. A massive water layer below the
double-diffusive regime was maintained as a conductive region.

* On leave from Institute of Geophysics, Polish Academy of Sciences, Warsaw,
Poland.

12



JaYair» ZFIVABOBEBKKE

PR BT KRB B8 GEXERYD - £ RE GEHgH - @R MBIE GeRRrEilier s —)

1. BOBHIE MREHAGHEI-SLIEBHCBIIGRENICHM T IREFARIEE(ACR)Y
@, 3L RETRBREPLELAEAKS-BRK-BFHOBEEAROPRNESZTHATH > I,

ChEKBUT, YVavs - RILABLUORBEKAEOMBEREES LT, 2okbBiREiRE
THELEAMELT. BER-XKEORMEEIT - I

2. #BA [ =

B1ERLELIV—-FPDE6REOWIL—-FDA4ETHY., 1990, 19015
D4R, BABLUVNADOTEHEPLELELTEKIBOMMMITERM UL, F . 19925 1 A
CRLITILLEIOAUI TS —kE->TOBRMBOITo>L. BUEBE. TR - HIRE - &
BTH 5.
3. MEHRELER RIL2KXON~-+TORBEREKEDEHERLL. kKBR 2~ 3
mENS, COMMOU AV s KL LBERNOBRKNBES TEMN> LI EERLTH 3. 1§
TRBLVKEL I BRI BOOo N, RERBABCECHERTRELAE L. KK
NOBNBLC > THESEBL, Imhdl.imicET 2. MEROBACKHIEL T, KEH 4
BLOHFNELLE>THWE 2200 FTCOERRIBOONLGL, EEHEHMTR. BT O
BLUBMEAMAELI)OKER. 2oMCHE XL :
ENLHLHUTHEDKEETHRIL. ZhERY ot L./
BELTOBE>TH B, >T. KEE2 migE AR oIy o o ow ﬁf&
ReBONB, —H HBOSLHE (BARLI)T i
LUTZOW-HOLM BUKT (BAY)
@, BUREEBKOILH, EOMTHBERBLT °
CaL. Lh L, HEORBKEBOTAEGKEOMX AN j'%;
Ao, Thld, COMMCEIN®T. ZoOR D Fau s S 7B
BAOBAB TCRELLC & ERLT L 3. 19924 1 Q7o i Wﬁ
ROL3ITOMMTHE, MBEBXRKORBC 1 9end ¥ ° oo
mgﬂﬁﬁéhfhkocwctmé\iﬁkmmm B 1 Bk BEANRG b
bR% SN B,
K1 Uavas - ALLABEAORBREKE
OWGSGb owi4 oOwWa oOw?2 oW1
BT kE BT KE BT KE BB kKE BT kE
"90. 5..tH 46 128 47 190 33 160
80, 8. F @ 113 302 130 231 12 170 98 211 53 1040
‘90.10.F B 164 277 121 285 102 226 11 219 55 201
91, 8. FH 140 338 109 117 104 283 45 245
"$1.10. T B 154 330 116 205 110 269 64 230
L5 L4 L3 L2 L1 Lo
BT kE BT kKB BT kE BT KE HE xE BE kB
"90. 5. k%8 17 220 63 210 39 2120 11 144
‘90, 8. T B 140 213 120 213 97 213 10 2590 15 170
T80.10.F B 165 212 159 232 139 224 106 222 28 196
‘81, 4. B 50 285 60 370 30 310 10 2190 5 145 5 15
‘91, 8. TF 8 112299 92 181 86 325 56 188 20 174 20 134
910, T B 142 280 104 285 98 325 53 236 20 204 15 160
82, 1,123 53 335

13



AL 1 i3 O g K B 2 15 D K B Kt

OB OB

MlL@WERoBRIAE., v 7 D BEBEH
HARRRHEBCRBEI L AINEBER, &
BROEL*80EENDF—2LLTHESNS
ok, %%, 1EEROZTHH LR
A7 DB E ESMR 2, 20k, BHER -
SZRED 2 A 7 0 BB EE (SMMR, SSM/1) 12 5]
E@ANT. BRKEERPKEOFT -4 2 E
HrxhF—a2ey b LTR#tEh TV 3,
Gloersen& Campbell (1991) . 1818 DA 5
19837 £ TOSMMRT — % % % & (2 # K % @ &
ODEXZTHEMFELT. FEOB I EmIGE
Bl rERESh, EBICRASh AV 2 2
LA, 20, tEBOBKRKEGHROER
FALR FHHCREONI X" de 2Dl
15.8x10° ki DI TCRIEFEBEHECED> T
34, BRBEROTEILORED 5 3E
M #0. 33x10°%kd (2. 1%) D AMEERL
v %0THDd (BIH) ., LrL., B
IMitAEshs &30,
WLk (10%) KW BBLTWE DT, B
FHBOBUCLPELES>TZI0HNZ%DRBY
HAaRAKs<EbdenrE¥xoh3,

— 7. Parkinson& Cavelieri (1989) 4. 19
13/74~ 1916 DESMRE 1379 ~86/874F @ SMMR &
INERPOF— 2 2E->T. ERAEHOHEKS
fiz@AN, SHHBACBRIEELEERER
RBLERERLE, FTHRHBXBIFARIERKE

¢.80

COREOLEHEIT.

(M mEHER LEERAKRL > 5 —)

HERTIAOHEB2HICH AL AN, &
BHEPRBEINEOBTOELIHBRKIEEMLEL.
EL > THRKEXEELEY LAM- Y
2B, RLYYB., YV —-r3 v KN,
Ry 74 vB - FT—EAEBRE, "—Yy ¥
W, AR~V IBWBELTHEII DL D,
ERdGloersen-Campbell 2 B L SMMRo 8
M2BAT. ChoZWBHBROE2XORRKE
ROEBEEHARD L, XL VY0, 4x10°
ki), 7Y —r35 2 FHg(0 3X10°kd) |
(VB F—EC R0 4x10°kd) .
g0, 3x10%ad) . F &R — 7 #0, §x10°ki)
B, ThenBEBBEEH TS &, 13X
Weki& Z->oT. 2B0E8E: LR 22N
bhd, 0. BRKBEHRODT Wi
LRABERTHBR P EVOTRELS, 5
BEROoOBXEBHEAMIVELCHOBEE X
EWVWLWVWHEAIAERY—-I—OBEEIGDHDZ 2
FEKLTWS,
Parkinson& Cavelieri (1988) OE R 2o
T. BBBROBRKBROE2~LHEFRTTHE
EBRLAE (B3IE) , WS4EHFBRPEME &
BNRLYIYHl., YU—-vSUNEB, AE—
sHEARFTZE. BEXREBHRBILBOLSY
BErLEY, Fhid¥orr ATHLHHELT
WBEDOHN, A=Y ITBENRY T4 E T
—VvABRTHDZEHDND,

Ny T

N—y v

NEYUE

0.60

0.40

-

Residual area (108 km?)

i

79 80 81

82

14

83 84 85 86 87 88

Year

BABREROFEZHED S ORZE L EHRESHE Gloersen-Canpbell 1391)



#Fo2E 3AEHEAIEO ] 2EBOEEHR
(BB

{Parkinson—Cavelieri 1939

hFr A S B, IEBRIEBEKERNCEEE IJ904E BICRB L AUL S { Upward Looking
ABILELTCVTEAZHIRS A v, Sonars) B VI EFBCENLELY @, o ~
BRBESEOEBREO Y -~V —-BHEKR. £ BARILIIEROBLVEBRKIIEEI LT ALY
K- sEBEAR—Y Y SBLEDONSE I DHETARVEEOKKTH >, UL S,
PHOEhTVwS, ZRE2BIPBRTEDLDLT TtBEOBKOFES*HBEMSILL LT AV
LE >dEBBOFR T, BT AH - H FT-THETIEOT, 1930FE S E, 1991
FEAPE IRV YBREELILY—~Y —EHEMNBE FUltErZEB S h, HIKEBLOkKEIE
bharRBIEMTE5, INIEDE R KEOEXIZRDATWEDPERITL &5 &
LEdse, 75 vaAraAbos — 8N $LH5WCRPEHBEBOBA THS, BICHERBL
SRYTHEFOILERBESREY., "—VY 7 & OB, T —Z a3 BEEN
HEBRAEBRTCEHEBLCELE, VEORBRKXKHRO TI3AHNABERBORTVESRETH Y.
B LL00BAKEDOEZ VBKETDH IlFE RN~ aETho Db HEBEW
Sk, =K., ¥a—7x—bETE., 1IN BMLOWELECHE> T AEONMEEN L,
16 3 T T B
T Arctic
14
Canadian
12 Vi
Hudson
0" 7
Baflin
; : |

Greenland

Barents

1979 1480 1381 1582 1983 1684 1985
B3N BHHOBRABKEROEZZEH (HEoRAIE 10 ki)
(Parkinson—Caveliert 1989 %% & IVERD)

1986 1587

[z )

Gloersen, P.and Campbell, W J. 1991 Recent variations in Arclic and Antarctic sea ice covers, Nature, 352, 33-36

Parkinson, €. L. and Cavelieri, D.J 1989 Arctic sea ice (973-1987: seasonal, regional, and interannual
variability. ] Geophys. Res., 94 (C10), 14498-14523,

Report of the 5th session of Working Group on Sea fce and Climate, WCRP-65, WMO/TD-No. 459, 1992

NEEE 1990 IRHOENSO¥//0BE  IBHERROBERAR HAEE0 S ROBE) , VASEERTRABREAWIREEE J-12

15



10

EEHOBKEREORAEH

1., @LHIC

LEBOBKERORNEHEZORRLDOM
FREWMANL, FALELT~4(F, Waishdb Ik
BRKT -4 (1953~89) &, RRFOAKR~-V
BEBKT-F (19T1~491) THBd. [IRT-FC
E, 500mbBE (RMFTREMA) EERAL L.

2. BRKF-HILONWT

Walsh OBRKT -4, 11kax ka8 T &
C, EAXOENBONT LB, BL, FKk -V
b, RyBehF+F¥oryrO-LVZIBOF
—smeghTEod, XIVEFBEBINELHG
F-ISNEH, MBHOBER+SEF-SINBOHN
BOBKICOVWT, BMMCARSIhcENER
EHNTHEN, - SOEHELEHETESLS
EBFEL2BERSD 7S INRITHATL B,
SERFOBXRT-4SR, AR-VvIEEELIUAR
ABEBCHLT, @K (12~88) L2201 T
LHBORKT - INERIAhTHE, BTFHM
BB -FLEBIC 0.L2°TH B,

3. BRORPE®

E1HRR EERLBOFFHBKRERORESE
1180 (/0%km?) . A-db3 e
— .. /'\/\-

”L‘O_M../\ "../. ' \.'\ . i

b Yt A .\ 1\\
B \o\./ . /. \/. \ ./ *
1100 v ye ooy -/
1560 1570 1580 190
B1TR EROETYBREROEEE(L
(k= TR
(m) _
ﬂ\ ] o‘o
S0 °/ Y /
LV A A
j ;\ i f 23
5320} g n—o\/\!\/ v \
o/ o ° \
-
5300 1953 570 7350 3%
£2R EFEHS500mbEHE (50~30°N)
DEFEEAL

16

EREE (SRTFBLIARR)

FiLER T, KEMICIIFEFEOE/NR, 19604
REIHNSGIIERKEOOBREE, L TIINIER
2ELUBRAEC VLI RANLEROXOBHBAL
LoTHEITILNB, BL, 1960FHOE/NEG
E—BHaLbOERBE, WNEROKDEIEL
LT, EnETCOLEOVKEMASTEOIKEAND R -
ZOBITHNHELTVLWBLSLCLHDRELEIEMTE B,
CoZEBHEEILCLELESLTVWAOR, 3 -0y
N (10N~ T0°E) OBKTH B

E2RE, ELHINEEOREZEILTH S,
txBeBmOBRkEBENEE, FO0EFTEHF
UMIEHAB L, 5B EE4EETESEL
BCROBHMENBL, LML, Lt¥HE4DDE
BLEALT, EBBTOBK-[ROKBEER
S3&-RICEKBAMRMXBLIRC, ¥ B2EBOB
KOAEOSVTHRANEALSHAOREMBREF - T
WENESISHhEEAMLGLE L,

BIMEE, BREDOEBHRKERSLH I,
812 LIGT & IBLIBO Y B KEKOEE RT,
S0~ ERICEBENTEXKERORBRL LT B &
ANEL, BCI -0y NUTHAEE L > T3,
WHMMBEILI>TWBRBRER, HhFryREENN-U
VYBBEBOBL ~BMICRBROIA TS, 500md %
BCOVWTHFEMOCBEENED L, W+ YREBHE
DERLBEREINKRES, BRKOELLEHRLLT
WaEN, 3I~0yNBTRMIBTEILIOILEED
rtRERohGH - I,

#£3IHX (S56—S78) MIBEFERICKMNT HLEE
S56: 1953~ T2 @ F iy im kTR

ST18: 1913~ 83F O F Y5k &K



11

ﬁmwuﬁﬁbcszéfhﬂ?ﬁm

1 81,

.ok

AR WEHORFLMAINATWS &S
ChEREXWRAoh B —-MmEBRE R
2TWwd, B~xik, EHMBzE#HKRKZA»L
TAET 22, TORBUBWIBERA
EIDEH HBRCRIEZh, HEPRET TS
ERE BB LETBEILERWELE, ZOR
ROERER, 25COBBHIDOIOEHEUELEDR
ETHENTLE, TORRBBREORMIZONT

ERLE, -, BRINESEHED FDMBOD
RBIZOo>WTHEL -,
2.EBAB

BREUIRTHERELEOEEAW, 8
Mok (18.3MQcn) THMLEZ, BEBREE
R, TR/ BRRAEGVYAOBREEZEREH,
SO UENRNTY VYT B ERZEDESRL
. BELEENIMALZDSL, MK
o EAF UM ITIT 4 -REDBH

L, RERSISn lOBBEERR (2L T
21C)RBLT %2, MBI, BB, |F
Ly, EEARBOWTR»P T, BHRE
80 08
~70 107 .
o &
60 {os £
° 3
gso 105 €
g <
= p O
,@40 0.4 <
5 |.. £
g 30 0.3 g
o c
820 102 S
[Kegl [Xvel
10 on 2
0
0 10 20 30 40 50 60
Time(min.)

Fig.1. Time profile of the reaction of ENO, with DO at pil 4.0
) :Freexing process by -45°C of the coolant, @) :Freezing
process by -21°C of the coolant, (D:60°C in the solution,
@) :25°C in the solution, (A):4°C in the solution
The in{tial concentration of N(III} was 100x10"% mol dm-J, and

those of DO were 442x1075 ana 253x10°% mol am"3 for the

freezing processes and the solution, respectively.
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Table {. The rate of N0~ formation

Concentration,
-3

Rate of NO;3~ formation,

-1

mol dm mol dm~3 sec

pH Rf/Rs
N(III) Do Rs RE
5.28x1076  0.25x1073 4.5 3.56x107'°
5.28x107%  0.44x1073 4.5 9.29x10719 260000
1.44x107% 0.25%1073 4.0 1.90x10715
1.44x1075 0.44x1073 4.0 2.53x107'% 133000
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Figure (. The penctration depth of microwave to large ice mass
at frequencies between 30 MHz and 11 GHz at -15 °C. The
penetration depth significantly depend on pH.
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Figure 2. The propagation velocity of electromagnetic waves in
ice as a function of temperature from HF to microwave
frequency. The velocity depend on the angle between the
electric field vector and the crystal orientation of ice.
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Figure ) Conductivity contrast against temperature when
concentration of acid in ice changes suddenly by 25 [umol/L]
at a boundary. We assume that 25 [umol/L] is the upper limit
of contrast in acid concentration in ice sheets. conductivity
was calculated using eq. 16. It decreases with decreasing
temperature. Since E and o, in eq. 16 are based on the
measurement at temperatures above - 30 °C, conductivity at
temperatures below - 30 °C (dashed line) is extirapolated value
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Figure 2. PRC due to change in ice fabric (dashed lines) and
PRC due to conductivity change in ice against frequency.
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TABLE 1. ICE SAMPLES USED FOR THE MEASUREMENTS

Sample No.

Angle between Density

the electric field

and the c-axis

(£5) (kgim> +2)

1 10 -
2 (] 913
3 1 914
4 1 915
5 1 912
6 1 913
7 84 -
8 84 915
9 88 913
10 88 911

4 RIERR

el DRMEHBEIRILEFLTH S, X
1Thr Lo, B2DXEROECH
. BEBAY MK LBERETS 3 ik

temperature {°C)

Figure. 3 The dielectric permittivity of single crystal of ice Ih
at 9.7 GHz when the c-axis is parallel to the elcctric field
(sample no. 1-6) and when c-axis is perpendicular to the
electric field (sample no. 7-10).
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LUtz iz, YUHFNVASLIaT TS5 T4
— % FWTHIEREE A F)U = 2T VBiS 2508 Ui,
IZXTFNVDOBIBIZIE, A oA LA VT 74T

Cig:t
Ca G Cs Yo
Cgit
\w
Cs
brC[S
Co & G
Cq
G
wCis ":C”
il

@1
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Fy 51 —~GC (#—pox 3, VEGA6000) K ¥
G C—EEME (71 =4 —MAT, ITS40)%
Wie

[(BREEXR]
KERBFITRERT 5o 3 20MENBERE L
fzo M1ICHEHBEE S DH AT 0T b 7S LETY
EEH3, BE3 2m) , BB Mmid, BEuK
FHOBMHERL. EYMEETHEL I EAETH®RL
T 5, &5 FIaliRE (C12-C18) & iz @sr Fig
58 (C20-C32) Hitgit X fchd, A iz
HYRE, kH. RELESRYWEETH 3, Cls,
C187; KD AfafifElEE (K1T Cl6:1, C18:1&L LT
FT) FEOBETHEE UL S’ £ TOE
A AAIC L DTN ERRLTEY . KRFTO
AERARIEBROS RIE. THIF EETLTHARNS
EERTEU Too EITPIRFR ORI TIE, 74
DD (FM1Hiz brCis L L ELUTHRT) MEHE
REEFEL, TholElioLBEII3-19
Ug/LT‘bﬂ f:o

Caatl
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JOSTOX2 7Kt d Air-hydrate(?

)

~HREEO air-hydratel & -

NE %, o BB (KLY, FEKE (EKEEW) .
V.Ya. LIPENKOV (AAR!, Russia)s P. DUVAL (LGGE, France)
KEEE®HK P I, air-hydrate& BEiEh 1987~ 19890 WA & hy VOSTOKH M o -55
ZEREAEMAKUMBPEELT VWS, Chid ComBBILRFIAhT WL bODTH %5, =2
kit d+ 2BmM DAz hiefBd, XKKEBRT 7XhRber, BB X >~ THESF B2 5
BB KEDLHEIALALESD TH S, £OD 2 & hydrated o BB L T4 UMb 0K
ESHESIXBREFOHE» . —DITAD SR TWHED -, O3 7KMo HITAM
HEBEB>THETEHE &b Tk %2 HEBL. ELEEMBEM VT air-hydrate
DV, KOHSHESE (R BMBLSXT.3A0 HEEHAREIEZHEL
AHER) ERR LB, £ o fo¥ air-hydrate HE I ALRKRE LD air-hydrateff s 2 M
HRR KM HFET IEEHRBET & B B 1R Yo Hi(a)BBEBRB TR T L d b
KOBUEFRLRALSLPOREBEEIRET EE KT, HALOBAPL -, TWi, HI(R
Ao b, E£f. BEVOSTOKZ 7KdDair- KEE*RK&CHIT B, HESBHT 3K
hydrate £ 80N HOoHEFER» 5, RBLHE air-hydrate§ B8 BEM S LTt HEAIL TO
Bk b air-hydrate E B HBREZHK T T VS 3¢ 2EHLTUVLE Hi(a)ea s h s x>
CEBES I E AP, air-hydrateE B HEBRcoLVT. ToRREIOEHMICB Y D
BKEXPTCHEEST 2o Rk. TOENRS BAAELREL R Chid air-hydratedd
FTHA2RDFRLEEATFHERPE2HYELAE BoRHEBx 2 AVF - yand, HEx 24 F
CTRESRY, HFREEEFH LD b, yert O EHB X B, T OERE. 7 an/7 0b
WA BFEB->-LABEBLBEVEELS D 5, = 0.97& 7% 9, Shoji and Langway®’ & Xk »
o> THRA LD air-hydrate¥ & 0 HFE 3. THLoNi4~TE VWIS E RS CRLB L
KRN TO air~hydratei RO HPLERB Bhdho-7%ke M2EBNALLEMLET Sair-
2% A5 LTHEETSH 2. AWETE, hydrate ¥ B¥ B, 2H¥ BB NCHT s K
4 @ air-hydrate( R OoHRA L OoMEBME LB,/ NoOERIZELEFL o CoMb» s,
AHME L, HRELOEROEBEBE AL >V #2400 nE F To 3 7XP T air-hydrate
TP~ to HBRBREREECHFEAEL TWE & B S »
HE L LT, EHBVOSTOKEM THEM St wio-7, BBEHERCHTIZERR. MHO
1050~ 2542 m2 7IKMAAK EH Wi ORI HBIKED
'35 T, Hondoh et al., J. Incl. Phenom. Molec. Recogn. Chem. 8, 17 (1990).
2) T, Uchida et al., submitted to J. Glaciol.
3' . Shoji and C.C. Langway, Jr J. Phys. (Paris) 48, Collog. C1, 551 (1987).
\ ‘ N R - .‘
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é |
0.2
0 1 I 1 i 1. A i
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Air

hydrateBROERCRBETHARERE

WHE®R - -HNEHE -FEH (XD

1. #Loic
MEesrY)—v3I3 vy FREDKEKKIRE
fE8ATVWE, 27 KOBEI»S. BV
BT &EMB. B T air hydrated L T
BET A EBHSshTWEY, S@E» S
air hydrate~o iz, BEE 2B XL L &8
aTEHbBREBI SO T XL, air hydrat
e BN REERERRZLTBEEDE B

b b, COREEL Tiair hydrated ¥ £ .

KoOBLEBEFTSh2, LrAL. +58
EofgfBsod 1 BNEEOE MM T
air hydrateBM AR Eh 5 & HBRE IO T
wWas?, oTABRETR, LR EHE
LfcdkicBKkKEEd Y, R &N 5air hy
drate D BB KEE o BTHEKEKL B2 »
PPN, CORBAERBOKKEB DaIr
hydrate® 53 7 & L8 L T. air hydrate®
EBRECRRBR IR KEODRER 508K
ROBEBMNT S 3,

2. ERFE

fERHBHE -BALEZHERKK2 5, &
BREAAREABEMERLABEN % ¢
WLt SHEEMERODALFEHEREN O S,
air hydrateBl B A SR AN 2 HEHL L, L
FhEHomnER EEENOGE S ¥ 7
2P WVWT, -3 CTItHMIT» o HHEK
MABBRKELLR, COoOBETORBIEI1L
9 [ kgf/em?] & v & V200~ 350 [kgt/cem?]
2 RAN, [ Pair hydrated B/ 2 {3k
BAME (BB THW. HEKRE L%
Bl ® L f2o K & air hydrated BB . B #
ROoOBVWERNBH LA YVBRFZ PR -
T » fto K M. air hydrated $R B %, W&
FoRB&E2fE L, AWM. air hydrated® ¥
EEEXRDL, Choo@ERVT, KO
RTHREH air hydrateERP 2 R ¥ fo

air hydrate® & &
[ABHEE

air hydratet R R =

% 9.904

3. ERHER
MEfOoXHbPo L BHEEERI VI
10 (@ em®] BE T, EHicma 28K
FE 4200 [ kgf/em?] O &, air hydrate
BRERK SO LD » e Chiex LT, 250
[ kgf/cm?®) &350 [ kgf/em®] T idair hy-
drateE R ST h, TRIO LS CHKEDG
WRE EREREXHELL-, TV I, i
air hydrateD BE KRB FER EH B L
LEALNB, FEITHERDOEF VEE
A. ERIDBRELR AT A -9 & HEE
MoXkKic#HMBLAL 2o R XKkdgo
air hydrate? i 2 HP T & 2 & b o
2o

1) H. Shoji and C. C.Langway Jr
Nature 298 (1982) 548

) NEE - BRER - WEH B f0 6 34E &

BHASKFLLERELETHEE 30
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BHAKOKILAROHAER

zs B EFE (D (BWxEH .

H.B. Clausen

2L oI
BHMAKKIIERLEATRIFEFI L LIIIAE
FRITTC, BREOB BT 4L HERY
DEWKERALELLT S (FEY 0.8
Wg/wd) L S hEKILEBATY BN, KK
KICEEFRTWARAPRPONZBARILORE
TENR2ELRhAEALOT, 74D XL
ARENBERLSCEFUEZRBREZIATWLEI LT S
& (Loosli, 1983), ¥ ZOERWEAULEZOD
KogERIZEXRXRTRIEOERKIHEwW 2R
5., KKEI 70X ARKEIREZORARK %
MEETCRIEDZFEFRO-DTH LN, %
ODERANEBTHINAOERE2HEET S~
Hicld, KLABOHHML2BEIFTITXRTH
5., 2 TAHETCRRLIICELAEKITH
BEAWTERROEBEMER T, Xt
BEOBEL2T- k.

ERF &

MEE, XKa7EBITESIHFEMORL S
FTEHAEAEI J0b-L2HWTED, 22
CTO@Fbme > a2y TLAROB WO EML
T, MBELITTRINTIBOED 2R

i

F 1. BEICEWERE

HEH e T £ ABEe
Sm oy
AD °C (ice eq.)

i

G6 (73°S.40°E) 1986  -43 0.08
S25  (69°S.41'FE) 1986  -18 0.27
Byrd (80°S,120°W) 1989  -28 0.11
7 Y-y

Site J (67N, 46'W) 1989  -17 0.42
Site A (TI'N,36°W) 1985  -29 0.31
Site B (T'N,37W) 1984  -30 0.33
Site D (7I'N,40°W) 1984  -28 0.37
Site E (T2'N.36°W) 1985  -30 0.23
Site G {7TI'N.36°W) 1985  -30 0.25

C.C. Langway,Jr. ( Z1-3-7M L K%) ,
CIN yn-7 v K%

HBWBHZ XTI T2 (BL) . &7,
H6PLOBVWOAXFELICBEWELEDESN
HOBEAEAXRNTCEBE, TOREHIZELEE
*BEAEOEVWKOBTCH AL HEL -,

ERRUEE
KibkrpsFESWT 7+ BLEBARREOD
BWAKOBLEAZTHEIZRKRDEIhahs, &F
LI ROBOSDAFN AN ML T &
B enH ok, BohrRkEEME,
$25, Byrd, 6621 7 O IEIZ36.5~48.2, 49.9~
56.5, 69.5~77.80 THN, TOXKLAHOD
XKOER (HREKOERE) 25 HTRKD
3k, BEEIZ85~171, 287~ 391, 538~ 1702
ETHo2, >T, KEKRKIZ&EFEFHhBIAH R
OFERE, KILEBEF 7L B ROFL
OCHEHBHMEIIZ>»TWAZLHhH, BB T L
HOFEKOBEHAOE S 2 EET > T3

ChAE.ZOZEEEFEREL, OTOHNAK
A5 LT, TOFXOTNZIFRONK &M
#L0&k58Y TV AEBSITE, 825,
Byrd, G6a 7 QMRIcEXHmIzHI.5, 2, Zn
BEov L 7Y rVEfTbaithidassznl
EvHEMER A,

0k

K]

ice core
™1
(B, LBEXFELFH)
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SL5MAOERITHNER

EHEMAS (RESE). BIHRE FUFY (B,
MLESE (XX-8)., B2 (ZKX - kKHH)

HRXRODEBRINBLLEX, BEEERERI BN R E L, TOMEBHICEST 5 S
5 M (69701°587S. 40728 07"E. fEE868n) T B VT 1986FE 1A, 10nEDOFKk 3 7
BTlaEnto REOPUWHEBRBOSKI TH AT > &k »T. ZHETOE X
TREOHMBEBEOAYPORBEELZFAR ST ZIERG S . BN HHEHRBEGBISEEE. &
BRESEE (EC). BMERMEE (6 '%0) . pifi, BBALKERE (5.0.) . B~ -
GE., FEEBAA BE (Cl. NOs v S0¢27. Na*v Ky Mg?™, Ca®') W & T & 3,

Hl1ueFgRsbhooBERECERE (5 '°0)., BB®AKZEBE (1,0.). piff, BRER
HE (EC) 77 s 400 —HE2RLLe 6§'°08 &Y [H0.] 72774 VicEHE
BHLRBEEIALRLINAEZN, X HEB T w74 B EtobBER X - TER
TV TOREETEERT S, UBXKE»S 33nE T TOPHE O FH¥ 5.5, ECH © F 5

8 S/enT H » fo

K2 33nfECOXFERBALF v BELRBA4L BE NS Y 2ORHEE2FL L
Dfebic Na' 4 v BEE2 037 EELRBE (8.1peq/l) &L EEnBKOE
SDWVWTHR3IERART, choh s [Cl7] azxBKRKEWIENDNDLMDB, K4l [Na*]
C17] o M&E %2R T, (Na*] W R&C B e hcHERKEED [C17] o¥hask
[ N SR [Na*] & [X'] CoMBURERFO B EBHR - TWAKRKILIEEEFTLY (K
) o

3
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tofe BT HEMOEBE:EH s L UVEROBMEBE ok & 2 H 5 5,

ef. ! §25-2a7 ey U il
# z IRAA VRN A }

ERAAVRE

CATIONS
X 2 33n BFEF COXEA X VY BRE NS v R M 3 [Na"] BE 2K 2 o [Na"] BE
ER L LABOBKDO S & v iE
N5 v R
gL $25-a7 g ! 525-37

W et w g )

K 4 [Na"] BME L [C17) REEOMK K s [Na"] BE & (K] BE L oM &
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XEKEAI7OECMRIHFEZBY 3

EER FEEZ (EMHEFAMERF)

1. dlH

RiFZOKKa7TRITRIABZORIK - BE2H 3 L
TEETHD.,. BT HHammar (1980) Sic & » THIZ
ShiERBREEERMEE ( Electrical Conduc
tivity Measurement)id., 2 7 O#MEE LA 4 4 v &
Ere 74 vEBBECANE I EVHKE LB,
BLOWEZFwL-THBEIhTW S,

L»L, COECMEOMBRELTUTD 24
HWEZoNB,

O —ERHEET-rc@EROCTHUHEEITS
EF— s 0BRUENEW, CORERR. flEFD
RODOBHEIKL - TEH OV EREBMECKRE T
5f:%&EZL SN B (Space Charge)o L %S
HedhiE,. CORBEBNOEEIES L LD
KRRV D, —FESEVHILCHELIFL
RRXODETCBAUELZTOIVENSLLEDLAL S

L L. AHEEBCBECSOBRING 2
. BEUZEZB3 b0 B/NHEEEZMS
CEREBEETHDIEELSN B,

a7 2 EBEKEST A LCED., EEOE
CMULRIVBETT I EmbhTWE, £5T
BEEMcHLVUHEEZMBLLLETECM
BEETALAIRAER IRV, O LERH
HE=2TRI>BEOF—s0BHERLKEL
BT LTHS5, # 2T, I DAging Effect
ELEFERZECMULANLOBDERBEHRB &0
BEREHLDAIRTILENS 3,

@

22T, LEOMEX*ERNERT 2L HORE
Eﬁ%ﬁ’)to

Space Charge & Aging Effect OB

YEEE (ERMEXBXERFRMN)
3. B8
® Space Charge
cHEE: BEORER. 1 0mm, LS

mmPHIETR W, FhEFhomsH
WTHEERITHE » 20

R -Oie. EEXL10.T0n~11.02nD 2 7R Wi &

NZERODECM7T ey A 0ERT, BETERLEBES

HEZEWRED SALT L,

@ Aging Effect

cRIEE: BRONER . Space Chargex HL v &
Kt samBlHI %2 ITH S5 D%,
WRERELAELEDECMLN LD
TALZF~, 50 sontIHIL . 204
BB LAZESDODECML XL OEA
RN,

SR -Mic, BE12.4Tn~12.9TaD 3 T EH O F

NENRDECMT o774 0%:Rd, COBREDR

MTHECMULSNAOREBLHEEETOAY, 204

HMRB LA 7 CRFRLLNLDEENESE TV 3,

CHRCOUBIES(5m TRELFEZEH oL E

BE--TWEhHEEDMNS,

o

2. H& o e — MFELa A
- & ¥ : JEN 31 (Depth 10.70-12.97) Bo- 1 .
WIS AT : Jennings  1/10/1990 B W& O
- 3EE  X-Y v1-3T (4737790 WR-TT00)
A Y1y (NEC PC-98NOTE SX/E)
Cho2R- 10> EHELTEROE N & ECM [uA]
B EEIB T LIERT 5o 00 .
<=
~
THE (L3-S [uA) =
0.0 0.5 1.0 0.0 0.5 1.o0.6 0.5 .0 =
o7 v ¥ e a—— AR v ' a
=) -] 5\—’ (3]
ck i v S
= % Le‘z { =
2 5 é g L} = R 105 ref.
:- f_?—‘) K- M Aging Effect®#E
- Smm 10mm ref. : BE ME ref. : BEME
B — 1 Space Charge® 5 {ff
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EHLEIL D7 7 7Yy 7 OBEERIT

1, TLadic

XOCcHANDIT (777 Vwvy) ORE
i, XERXRERE A= VRF
—VETCKEFEZEESY, HEEL—E—
BOKEOEAUZERCETIEILEST
cliZRET S (Langway , 1958) »H
WHENTNWBEY, COFERXIPRD DML
FheETR, 777 Yy iz aiid
5HNT, BHEOIS—-PFAEHBENE T

BIliEBcHMAUBMEOTEERRE~E,

2, Wk
KEFZRERERICHATHEXZHER

SEDHL, HEAF L L ->THEHEIZZEDC

WAMckELETFSEN O, FHERE,

cHM-XHMMAESIMHEMULTI RN, ”,
R, ®, #&, &, %, #, &, Hrxkss,

HoT, AROBWRKOGH, BE, WE
ZRET AL Lo Tl —XHEEARS
ERETDHILENHETH D, HEXER

REORAESHEERBZ LItk > THAL
EREL, THRRL4DOHFULEZRD D K

360

wf
340 ]
w180 1
@ 90 , :
® .
0 50 100
cHi—YHEAE ¢, E
M1 c#l— s AR L & MR
3 60; ]
< pob . .
mﬂ | -
B 20f . .
= .
|| R
cHi—YeHEiAE ¢, B
M2 - YA L EEEO N
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AEE—, B FE (BERERRFERF)

2, B EEAAFRCEY, chihB5h
BZHUNWEAMLED cHMiAfIz 1 DIRET
BT LNHED,

3, IS —HBBWTERBICLDHE

X (. TnnOXEHFEYV I I E—RF—Y
WAKEiIzEy L, ¥HRTHIEBORDIC
EiRXERESECCDETFA I AT THREL
ko BohEEEBEHIS —EHEBITEE (Pl
AS LA-555 ) 2RAVWTCEBEHEIENR, ¥
B, HEZHELE. SRR O MR
WRETHELE. BRI L D clll — XM
AR LEHOOMBRERIIETOY MLk,
HMBEHELEIL—BLTWS, EDII L
HTRasrdrd, oIS JERRETE
Bud, M2kpT D IHANLABMOD
BHEZALL sOMFELOHBOB T EHHEK
5, M1lBWT, SEHIN° ULEOBEHET
OEMNSHEPS—BRCRESBRVETIHT
<3h, H3kmedLd e 2¥RT
BIrikoTSERETE D,
EGEMELC LAHRROBNE (a5,
1991) L AFEEZHADLDEEZ»T YV ID

HE BT L 2HRERTH S,
40 — T T T T J
*o ol e |
w20 wet
0 1 1 1 1 5|0 1 1 [l 1 0

cHi—YHEAE 6, B

M3 clli—XEMARLEEDNRK

EEHEXH
Langway, C. C. Jr., 1958:1ce Fabrics and
the Universal Stage, Tech, Rep 62,U.5.

- Army §IPRE.

NGNS, SHEM, HEE, BRREH,
1991 : EEMEBIC X BKEKIFENR, £R3
EEAFXBRERLERAIBETHE
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A AL Hh o 33 0 & b L oA T oo YR SR ZE )

BAEA (BHH) . HIWAT (RxE; B, RR)
WA B (EEO) . H BE (&% - STER)
L ® ) MBh»sb, bbb, EOELY Mo F 0.
A B A A B oM BRIERAE L LR UL IO U g
mmmmmznumuénto_niruu B H, EOMk. VIAITRILEI L AL F

SRNEBAMERIT O WTBET S, Mo FImEIAEWE -7 F BT S, 0]z
HEBERAFEIZET UL LA A A Km0

WA S h LT ER T B 19881 5 19904 12 2 1 T o) 17 1
BREGZE LAY YO 5 kAMBR OFFHELRBEBL6L 1 depbvT S 2. i}

FONRYITIT Y RBBMIzE>TEbdT BRERELREREBEIIEMMEL TIEZ & A & LI
BMLEBH TCH 2, L2 LARMEFEL., X MIzHBELTED., EFI2LH5MB o
Sl mERBESE VAR, EHBIEHIC L 2 FHI0H LRI E o T Wb, i &gk 1uss
ERWMBI Lo T AT Y NBMEIND T L HB L 19904 T E <L LIBYM T B Rk < ili 1 o)
5L, HAaWMB EEIZED. 2DOE S0 -5 Z G 1.3ppbvT H B, BBEBEEE. £ by »
VL EBOBREEB O hore BEXAET TOTRSEIMVEFCHL L TED, 34T
—58.20THN. 2HOIMUEDF — ¥ ”meﬁﬁﬁg %

T 5 5 bbb Fe EA B REEELITRL A
Bl ey S BmEO PN s HELE P T T YA
JHEWAE WT AT, BHSMs s FEBTXISOREENBHLDH LT
LAV v gER b TRELTED, 3Ap BREBFIZRETH L, COBR%RL 8
MR h &S —S0oren OWMEY BEreoIHOMAGICEELTHAL T L S,
Zler g A<Mz, ~F, 9Ams ETOREBRFTRNI AT A AL A
A2 THEE 2 H Sy @M n. FREERLETHOVEEMBEL T W 20 fE M
BWidMo 0. ALK A2 s, @ 2PVWTRHEBEIL>TWA,
DIVHOBMIER > DL, BHERERE 2 ' T T )
BroBFAEIPIT. EERERE LTI HAR
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Figure 1. Ozone, pressure, aerosol
counts(CH.1), and tenparature ob-

served along the track of balloon.
a:ozone and pressure.
b:aerosol count (CH.l1), tempera-
ture, and pressure.
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Same as fig.l but for the
level from 80 to 78 hPa.
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Figure 3. Ozone concentration
displayed as a function of aerosol
count of CH.1 for the pressure level
from 80 to 78 hPa.
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Volcanic Ash Layers on Satellite Images in Meteorite Ice Field
near Yamato Mountains, Antarctica

Fumihiko NISHIO®™, Kohei Cho™™ and Katsumoto Seko™™™

* Hokkaido University of Education,1-15-55, Shiroyama,
Kushiro-Shi, Japan 085 {Tel:0154-41-6161, Fax:0154-43-0855)
** Remote Sensing Technology Center of Japan.
*** Water Research Institute, Nagoya University, Japan.

1. Volcanic ash layer

Dirt layers of tephra were found on the bare ice surface in the
Meteorite Ice Field near the Yamato Mountains, Antarctica. The
grain-size analyses of volcanic ash fragments and the geochemical
composition of glass shards of the tephra indicate that the
volcanic sources of the dirt layers in the Yamato Mountains region
are far away and are some volcanoe in the South Sandwich Islands.

All of dirt layers was found to contain abundunt volcanic ash
fragments. This fact shows that most of the dirt layers in the
bare ice area are tephra layer. Tephra in glacier ice offers
great potential as marker 1levels for stratigraphic studies and
should be useful in providing isochronous planes in the ice sheet.

Englacial dirt layers outcropping on the bare ice surface can be
observed easily when there is no snow deposited but may be missed
when the dirt is in low concentrations. Since albedo decreases
locally on the surface of a dirt layer, the ice within the dirt
layer ablates faster than the surrounding ice to form narrow
shallow troughs. Individual dirt layers showed great differences
in length, width and their concentration of materials. Two types
of layers are distinguished by the difference in colour tone. The
darkest layer is very dark brown to black with a high concentration
of materials. The other type of layer is characterized by 1low
concentrations of materials. The thickness of the dirt layer
varies from a few centimeters to about 15 cm, and the layers dip
steeply up-glacier. The dirt Jlayers generally have a sharp
dirt/ice boundary in the bottom of the dirt layer, whereas in the
upper part of the layer it is diffuse.

2. Ash layers in satellite image

The satellite images of SPOT in the Yamato Meteorite Ice Field
have shown more volcanic ash layers than the dirt layers which were
surveyed on the ground by eye during the traversing. Many
patterns of ash layers on the bare ice field would suggest the very
complicated flow mode of ice in the vicinity of nunataks.
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