HOKKAIDO UNIVERSITY

Title INRIVDFED SERET
Author (s) =8k, \+—; ENDO, Yasoichi
Citation EERIE, IR, 28, 203-213
Issue Date 1971-03-25
Doc URL https://hdl. handle.net/2115/18152
Type departmental bulletin paper
File Information 28 p203-213. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Yasoichi ENDO 1970 Puddles Observed on Sea lce from the Time of Their Appearance
to that of Their Disappearance in Antarctica. Low Temperature Science, Ser. A, 28.
(With English Summary p. 211)

SAF L DB S b H B E T

=\t —
(5 8 Bt 2% BF % PP
(FEFN 45 47 8 AR HE)

L 30 ® [

FARRRAE R ok Bk, BE A NARBREINS, AP EX, KOECHRS
KBODZ LTHAHYD, SiBIL, - REBBHEAKOBEL L LT, P, BEPLKON
HEFC L - TSR D Z Ll LLY., Lrl, BEBOHCE, BREDED <L
DHLWEBRENTLH I T, 2T, EHL, EMEREL Ok BTk < P
DT, EORESLHEE COBBRLYBEL L,

IL 8 /8 5 &

EHFz, 196842 A2 19694 1 A & CHERIFEHI THIZ L, <FA%BELL, ~<Far
DEEIL, TRBMEMEIEE LTI T oBEFoXD Echiit- GF1IR), 1K
D0, 3, 10,20 D A1k, BRAEONEBETH D, ILOFHEOKFICIE, EX50cm 3L 0%
D - Ty, HELSERECHT T, FARTREFRIIN, kBNRACHLhTW%
o X 50T re, BCEME 10, 11, 12, 14, 15 Tk, —FEFEARE D S arvs 1o,
SFAE, SO STCERAHICRD &S RAE LI, BKHE, KD, EEIWEDHEY
FAROEMHE D o Tnizhs, FiAaREE 20~30cm © RRDOE S RBHKDE Y Hv b
BHots, FL2ME, 1 HOK, SFPaAR—BRELLLEOIDHEFOBHRTH S, HEFTD
BWIBNEETH 5,

AR @ 2%, ZOBICHKFOBHLALLHECT IR LILKOK OB/ EEET
Bb, BHETKkE V- TL, BHAORED?LS 0ecm BE TT, TOTFTRDAEWHLKTH-
7oo RBKI D 3D a,bik, FBHHG EABURS L0D & o kOBREZBELZFRT 21 PR
IATESHERETHD, ZOFECRINHEBZ S, BHIG OKBNEKRPED TS O
Dico Bk B THEIKTH B 2 &, Fih, BEWRG OKRBBARMEKTH D Z L0
bbb, i, REMHE 0~50cm FOREBRKOPITIE, BESICL 2ELIERBOER
=PI F (R

* bR ERBEMERTER 5 1078 5
KBRS 9EE #2848 WBM4HE



204

BOEATL —

%

L=k

N

%,
(HPAS)YI9puUNs 1nBug

#E2H

BE1H

Bkl RILoBE

FoWEFE oKD kw270, 3, 10, 20 ORF LA BRA O E A RS

OWEOKD FIZTERATA, S FAMN
ChIARELL | AROFER, £floRL
MATHRZ BEF A AV b, A F DRI,
BOX>RBZEYDI ERLEVKORE
DIz B, BAOEBCIUNEETH S

I NEILOFR

DR D 2 F A DEEZ Y, 11 A
RO 6T - e, 83 B, PRI
Hio> 1968 4, 1 £/ A FHLIE & A
BREKIEARLEY, REXIERE 1L A
21 Bk U T 0°C iz, 12 Fic A
BEBAZOCCHU LoEER LA, L
L, 12 AR E T, JLoP TkiE
WERD I EN—ELTeh o1z, KE
R0k, BHPEZE0C L ki
BHERENLACAS THETH -

Fot, KENR Dt b EiL, BEKEY (RFA) OBZWE70emiZ L T, 5K
i, ohi v, 12 A 22 HInES i, KORMCEIR+ cm O KO BEAHEC20%2 B2

iz,

1 BCA » T TRkOEMCKENB Iz DiL,

Z DK DB BRI KIE D A5,

ZDEDK B LR TH D, RFVARRDIhs i v, BERKUOFT K»NHNI

HBLTL 32BN EL ihoTohb,

2L EE2 I eb o,

CDARAY, BBAEMELCL ST, KON



AFAOHESLHEBET 205

1968 Syowa
10 Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Jan.
°C T T T Ll T T T T T L T / \
. .s./'\.
0 Ly AL / \
o o~ \/ "~. qu Temp. : '800
¢ \ - A\
o ~TNL T\ \ \ N /
.g . . '\. / 7" \ ./ / (é’
2-10 -\ - 600 2
Q 20
§ \ \ ~ g
= | "\, / g
= \ Mean / / \ / 14005
<-20r .\ Temp. Solar . .
. /qulqtlon g
\ / 4200 3'5
. Al a
—30 i .\‘\ /. T SL
" R 0

FIR 19681 Anh 19694 | A o RO HRE SR,
AFHSE, AFHOHE

KIZ1L Apn 12 HE COJOEF OXOE (LA RNTR L 5, 11 A28 Bic&kich, &
CEPTH - ToKDOREA, FaBE-3F oo Tofe, R ILA, B> RFIOERTS
b, HEMEETROKCAVENL, HKHORNCHHREWKDOEY H230 T, £EFR
D5 FTERCIEGIERRKTH S, AL Lo LHIOERICIIE L OERAMNED, BEETH
L&, KOWMCH 2 ERRARBT TECRA, BAXKORACHTHEFTAT A LS
KD ED L S7eFN LI, COHOESRRIL —15C Thofenh, KRR L BKDOH
BRIk 2 b, FESKIR S B A2 @R IR L CAlY, BRBEAZRh 3R KkOFoK
WARKEETDHLEECHAL TEYH LADTHAS 5, $ 0%, KOREIL AN &I
FFFETHL, T Tovs T2,

12H 22 H, kOFEPDOCAWAEFITREH- 1o, B EFbh ToitWEXKE T,
P X+ cm OKRDERBHRE Tl Lnl, BKFOR-rTLARERLKDED
BHNnHIH e, WKHEONOEST TS TIX, KB IS BRB- TWBE0T
Hoteo BARDA L B L, TRFHBHAIL & 20 DA F A DOMER AR LI, HEHEIL,
AR ADOKED BM - 7o KEE, BIRE T, SEiT- a2k eFbd, EROKLKS
B BHKETITE T RIHT A, KONHEAT L - THFAKEY (Fra) thb, 20K
KA THREZB D CREKTH -7, AREBRODIZA26 RO AFa1e%h2 &, AK
DEHE 19 TIHEZ 3em A5 T0em Khic» T63em DEIOKE Y b5 DL, BX
DEPE 20 T, TOHFEGORIOKEY NES ll~4dcm OB HHICTE L, F
HOKIXFERC, BEJBEA19 T 4om, #EL 20 T 17cm THo e, keid, B
20 DEFEDOKIEETBD 1~2em BB Tty TOES KN BHOBAZ S Flcele®
ﬁm&%qu%ﬂﬁm%<h,ﬁ@ﬁwammf,m@bu%<iﬁ®mu5<tot
THHH, SFADEDKPDOKIL, EHLHOBRAATLAREYT, BB A 19 ©51en,



206 A —

A  Station 19 B  Station 20
-2 0 5°C 10-2 0 5°C 0V-10 2~10 2 410 2 410 2 10 2°C
* $ A —_ L ’ L — [ J [ [SrE— — ——
\
%
P

1
T . 24 Dec.’s8 I T 26 Dec. +6Jan’69 | 26 Dec68d 6Jan’ss 9Jan. 17 Jan.

017 Jan. ‘
!

o 25 Dec.
10 ¢+

oo

AR RO SR & KBS
HEHE, <SP A oXKELSW- S, HHMIRERYRT, S&iT- cionk, #
FOKEKRFOKCITE TN TN AV, KEDXKOTFIREHKTH S
AGBRHAEL, BRBRHMA 20T FATHE, BELI9A) OXHEOKILE
BHEHTH - 1ch, BHUALA220B) oREOKIL, 0L I~2cm PELTBERATSH-
oo BE 20 BvTEAFADREDOKIE, 1 B 15 AEL ko, BROAWOK
(LH17H) &, BHA2003TCHL, TEEEOKIBIT E » ThkVWHIOWERTH %

20 T em THofo, MR I-44k, 116 HRBHI S 20 2 5HBECYID LIS FArokE
TOXKEFBETLSIEHETH D, a RN FADREDK, b pKbDkO—Hath 5,
KHEOX anBoE R 201k, FEWOKPNBEIC L » TREMA TR SR n TH
By AFADLEETFEOKOHEFXEZRTI v A FICIZZ e, FRAFRER I3 D aRyb
ERUCHBERLIC, Thdz, 2 FALOREOKIIEKIEVKAE - ToKTH Y, KPD
KIZEARTH D Z Eribh b,

IV, REAORERCERBIE

SAFEMTIZ ARHEBL, BE4AACHRT S, CoMEEEL COBIILTE eh o T
By, 1968 D2 At 4 Qi 2HMI L, 19684 12 A5 1969 45 1 A F TORTEIC,
AR DWRROEERES HOLEALENT D 2 LNTER, ZOSOOBMEHE S
B, R TOBBERELL DT/ bTHAH 5, bobdb, HEMEFELLT
EEM R A 22 7o, BROBMILE 1R OBIA 0 T, Ao BB & 19, 20 T /s
2T 1968 HD 12 Ak, BIA0CE LKL - T, LI FARTEE LD 5 s b T
H5, BARPEPMOBRMER TH 5, SFli~ak 51T, H 4R A LWL 19 Tof



AEADBE» L HRE T 207

PHERT, ZOHETRANVLOLOERRKILTBERCTH -, 4K B IXBRAE 20 TOH
WRERT, COEOERDKIL, BER 1~2cm AT EH TH T, EBHLDORTEH, HAEE
DD, AFADREOKIID LTI TR, 2AFLDOES, TihbbiRPedh
BKDO EHEOMBIL, 12& AEELLE Y, Thib, RFALOETIRKIIE LA BT,
SRENDKBEL e B DS 5 XA FADOREDKDOMBIZL 5, L, SAFALDOTOK
NEDEH TR S & Lich, S FADKIEFBRR L, CFADK, Titbb S
DTFOXKD FEIXETT 535 TH %, LirL, AFADTOXYE, £OTHE, Tibbik
EDBETIL, Ml h BRSBTS ERREELR T 5, KB, AN EDETHEMAET
BT &, v Aok ch BT 5 o ke, BEOKSEHMT T, SFArD
KEABbheoR, BHA19TLH6H, BIA2 TL A 15 BETH- .
FARBOWHLITAK LS DL 17 B R FAOKERKE, Bifls 20 03, Kl
BHEHLATWRVCFTOLDTH B, S FADEKE, MMAHMLL, RFSLESFTOBEDRIRO
KTHotoe AFADEDMEICILTEVED L 57 b OB E - Tvic, 2 FADEDKILTE
ECETAHZ L BERBE T L0580,
EORMAFAROBLOBHFERECTH S, CORKRINTWSHE KL, KB &
SEAORBCHFLWKIULE, A FAOKIE, BEASEKCHTEVHES, FHLLKILEH
TRAODIL K TH 5T, ZDOHF

0 Statijr; 0 [‘ -?:(,:_9 6 _;i_(') ] -2,:(3_9 i KL, KECZOBEIEHL T
‘Zz:‘%ﬁf‘f?‘J*?? ; ‘fﬁ— ot RFADTFOKE, HicH
T gm0 4;2#’ I _“ {75->T@E, 389 HITIXE®L
1. i | em 7o, BRI, RFARBOFAEKD
ﬁ; Efa | _ I [1m THEK, KE¥X3~TcmBO I bh
ooy os TR D RA NI E EAo Tk, &
/ // MR FADTOXOEHTH %,
/ / I Z5LT, SAFADERET, <F
24 ﬁ ! L MLTERICHR LI, 556 L, &
I I3 AREESREED ERLT, AF
L 5 N DI B IR E TORBEXER

12Feb’ss 28Feb  SMar  |18Mar |28Mar [1aprii A LESOTHD,
I Lo Linl, EDF A EAT
LT Tk, ThT, 6Nk
lis LEOHIT DD LET b DL
%, mLThHbH, FHE, BHUHE0T
I3 AIHIZ A FADEDXLAEE

- T0M g, i AT C DRI

BSE B A0 RN LR EENO < L DR K : _ v
Bt BHAKE, BHORELEL, gz OKPERS S LERHTS -
Fo BRIk, BRARSELRDT 72, 3 3 23 BICALORER T F A0

-



208 E BN —

—— _—

A fresh water R
ice

Mar.

B6E SEArOBELLHERET
ABREANY, CCD BEIREL LT, AV D
WA, HERE OB ERMCR L

K THRFEKCREDTIcL ZhH, BEALDOEHE, LB T FADKEY
ANETT, KO TEBEDBEIROANLNEERI, SOAFADTORBOKZIL, JE S 90 cm
CLETAHLORB oI, SOXSKFITIE, A FADTOXKIIEMMABUNEKT 5o e
o ThHAH S,

V. NFEAOKE

BAR, FSROBAFCRAMRRECREME TH 5, ML, Bb, BMEZ#LL,
BREOCEES HMBTHE, FLOERBETE FARACERIRTHSHL 9K, AF
ADKEE +10°C IGEWERICEL, A FLOEHROKART X5 oo, EWE DK
7B &, KRIZAK +1~2°C a3y, TORITIBEAL ENbThai, 2D L,
SAFADOREDKD, S FAOKBRFBCREREEZI XL Tl EERLTWE, EHO
KO ERE 2cm BAE I8 o TORBRILE 20 D2 F A0 KRIE, BEEI9ToL 5
BICeHT, o +2~3°C It e &% o e, BFFEM oI 80 km O BT X - o<



SAFLDTHER» S MR E T 209

RERLHERCH I < P A DKL, 0°C 7 CCCHELDADER T LI, CDL 5T, ~AF
A DIIRE, FOREARNBRACTHDh, TERTH LML - TRELRRD, TEWKRE
I8 DK, KBS OXEH & KE, WINT 270, FOFOKEIBEVEEL R, 1L,
B e REKEKIGEES 2 5 % 0 BT, KBS ORTS 2% O FOKC R E 570
s KEPFHCE AL BLDE—IEELLR DA, ZhICDNTE, FCEELEDHLE
2B 5B,

VI. KOBEELNFILORE

BHR O COBMPARELZ R L LESRCE 2L, 3HIBHALL4A1HET, XKOTI
W EEImBOC VKD BRS S, Lid, OB, REOKETHCREZH
TTeLhb, ZOFES 1m BOKOBREE SN 0°C il WiES B THidiic Kk TH %
EHR0Ten, BE, B0 P O EkE T2l TES OV i KD BRECKRS
BIERBRL, ThyKE CHERT A Z EWEL TW5Y, B 0 DEIES DKRAH -
fokik, 4 A1 HIKIE M4 em X5 ent, £EEHTH -, L L, ThUEE, &
DJE S 44 cm DFW T BKOKD FIEABHI K EE Lic, Zhid, HEKOKOERITH
TRET OKOBOES NEIL, T OESOWIM LIk H o Ieicdh TH D, KR I-2 DK
D FIMOFBRATS L TORBHEST L, 0L I L THEDTHD, LMOBHKDOEX
WEATC X » TRIc - 7o, LD OEONMCH 2B E 0 TiE, TOE L 44dem TH -
7o, BoOMMI S HBIHE 12, 15Tk, TO¥5 D 22cm THh - 72,

EOMOAWAREIHTAFAZREXCE IS, REOKILEZHLEKDOKTH -
2, S FADOKFDKIZEBTREW WK CTH o7, DT Enb, KOPRAME L ¥ T &Y,
KOBRES EAERIS &L OBEREEL THEA LD LEES R DH, A%< BT 5
DEIAERTT TH %, Thdpz, BREOE Likvo Th, WHEEDBAMERA X
DY LTOREWIRG DI 51255, ZOmxL I TILFHFLIHANTARL S,

F1IEOVWHLITABRDTICE, | FADHETLEXFORKORENETHD, ROF R
HoFx, AP RRIIC KT 2REOKE, < FALOKE, S FLOTOKRKPOKELR

Fl1FER SR FPARTF0OKDME

N S FARUKDILE (ch)
BowW B Ry | EEOK Ko | ko | FFORORE
No. 15 12.22 0~13 13~41 41~ FHEHWSDOE X 22cm
Bk No. 19 12. 26 0~ 4 4~71 71~122 } .
EA2Y U No.20 | 12.25 0~17 | 17~50 | 50~140 ” 44 em
5k Wi No. 10 12. 25 0~10 | 10~23 | 23~
0~ 7 7~24 | 24~ 59
Lo oo O~11 | 11~17 | 17~ 79 1 T g i
] 7 N
Rkt e s 80km o E | 12.30 0~10 | 10~19 | 19~ 74 I
0~10 10~30 | 30~220 | % & Ik

*LBMAEI9 L 00ECHLENA0TOM



210 e WA

FhoETHD, KEH»L ORI TH D, 4F, REMD 22cm ETEWILKNL TE T
FRERPLE 15 D K Tk, FWCIR LB EEmN S 13em & 41 cm OfEAENT TKIC 5 T
i, Fho, EHiS ddem FCHEHTH o A2 BWAE 19 T, EKEH F 4em 25 7lem O
KTHote, Tibh, EBHMAFEHAKCTELAFALDOREE, WIFROBEL, XFBCE
G 5 BWES & RERIRS & OBEROTF 20~30cm OB SH -1z, 82 1FTITEf, B
Mo dkdtrs 80 km O F oK HERI A P A OWTOBRIERLEEI R T 5, DK
W, ERTAEWLCEBOGEK, LD, LOEFDOKD L 5 LM ERT S & b o Thien
otn, TOKTIE, ASFAEERT 10cm 76 20~30em DB H » Fo, 2 DK EER
BRI D, KOERE A G & BHLS ERBHMS L OHR LR LT I ENTED, T
&, UEDZ206T, A FAOEDMEL, WTFhoBst BRES EPEWTS L0
BROFT20~30cm KhH b Lilich, TD 52, FREBL 5 FADE, THbb
KEPOKDOREL S FAND DBEBREINICOLINITEAEMBE LI, %o T, NHERE
DAL, FEWKERFBWEK EOBERE B T 30 cm DI I il b 7e w2 L1275,
—75, IBA1ZEHAE P 80 km Ok O BB R g, AEAFXERET 10ecm L b kG
W Il i Te B i, X o T, NEERRBEIG SR E B I oK B O L2 b E 10~30 cm
DETEZ Lo E@mncLbhbd, O T, JORIOKOPCLBRESZCLILIEFCRBD
HBBENED o 1, KONBMBICH LT, COFOBEAALIOPELRIEL T 501
Latigus,

VIIL OWAOWAIEFRICHEL/NFL

PRAn A O AbILrE 80 km D F DK Z— KK CHFHAOKE 27 U, BISFT»LT 2 L
NI BRITIIK DS CKIEMNED » T, FHEAAKEFECE, Fia, Hem OBELDH
51 BIC S BT Sic, Zokita BB kg r b - AR BEHLKTH - 1.
ZOXDOPCHRA A A DOREOKIL, BHICL - TEECH -, Tk, TTHID &
AR EOEMRE R B LI, LT, RFADKROBIIEMKERORS D OB
NEBIETR T,

oW F OB E 101, ER0m Bom S PFHEAKIUO BcHT bR, SoklUol
Wb S P AR E R, 19684 12 A 25 B R 7=FfCit, FEEF 10cm 55 23 cm O fEIC
KEY»HY, KOFFER05~20cm OAZ L BOVLKDENEBICE TR T, ¥
FeREOKE, FOBBIKRICEOT &k,

Bl ~7e & 5okl YRk CHRAKDHED 2 F i, F0kOBREXETH
HKRLPKDHEI NEECEENT I, LaL, BAHOBHKCHRL S KA, T0O
X 5o KRR FETE Lis o T2,

BMECTER VAR 12 B 23 Bt v 2 A8 TH DT 1o, BEOMBFRKE &L B
ATOIDTH > Thich, REHDHI0Ocm BT THKEIT, FLA/ —or 2D L 51K
75 Tniz,



SNELOTRD S IERE T 211

VIIL ¥ & &

AR ORFERBIECHh > THEL, BRIERORE Y BRI 6 e L7,
S PAEIKONHBMAC L, TRREN B 2 Lo iEnd 5 &I IR AR O BRtE S N EW s
KBEOEEOT 10~30cm OWIITH 5 2 & DT, KTk Bbhio S P OKEKREERS
ERILTEE 505, RS ¥ rkkds S5knEReSE, BER +10°0Ca< £ TH-
7o SAFADTOKIE, HEABWRLKTHTem, FARSLIBRERET S &2 OXKILE
BAELL, SFPAREEOKRNEIT S L0l » TEL -1 12 AR, 1 BEdETH
I, SFAOREOKIEZ B & FLOKBIEKC F1~2°CItf&F Lz, 2 Biciesd &S
FADRBZKIILY, EALABELtote, LL, SAFADTOKIEZEZBE 7, HHI
BOWRWLTIE, 3A9R, ToXKIeMEL S FARENRT T,

B0, BRERCHI > T, ZHHEBb- of 9 KEBBABKAL, &b,
REINV—FOEMCELBZHRHLUEST, T, JOFEBYHLHH, SHAL T wiEH
TRAHF IR <Lkl £,

X ik
1) Q& 1959 ¥EKABES. 10 pp.
2) A—A7 1945 JuKEOK (EEBEWAFTTI K& £ = v #KAEE. 25pp.
3) Takahashi, Y 1960 On the puddles of Liitzow-Holm Bay. In Antarctic Meteorology, Proceed-
ing of the Symposium Held in Melbourne, February 1959, Pergamon Press, Oxford, 321-332.
4) FEMIRKENELGEERT 1969 BREERAIRBAKE O KELBR#E. 141 pp.
5) BAEE 1969 MHBMEMIZ ST 2EHKTFO7 re 7 4 LaBEBEEREOBEEL HEEER, 35,
52-67.

Summary

As one of the members of the IX Japanese Antarctic Research Expedition, the present
author was stationed at the Syowa Base in Antarctica from January 1968 to January 1969.
Observations were made on puddles forming in the ice fields covering the sea water of
the straits of Kitano-seto (Figs. 1 and 2). The ice field was generally covered with about
50 cm of snow, but the snow was blown off by the wind and the ice field remained
uncovered during the whole year in a narrow zone stretching along the line marked
with numerical figures such as 10,:--,15 in Fig. 2. The surface of the uncovered ice
was flat and clear with white patches of bubbly ice (2-3m in diameter) inlaid here and
there. Puddles formed and developed in large numbers on the flat and clear parts, but
few puddles were found in the white patches and on the general ice field covered with
snow. Although the ice in the flat and clear parts was transparent when viewed from
above, it consisted of two layers, namely the upper transparent layer and the lower
opaque layer, as seen from its vertical section shown in Pl. I-2. When observed through
crossed poraloids, the transparent ice appeared as in the photograph of Pl. I-3a while
the opaque ice appeared as that of Pl. I-3b. From the textures shown in these photo-
graphs it can be concluded that the transparent and the opague ices were respectively
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frozen from fresh water and also from sea water.

The maximum daily air temperature rose above 0°C on Nov. 21 for the first time
and thereafter it frequently exceeded 0°C. On Dec. 22 the author found an under-ice
puddle or an enclosed puddle at a depth of 10-20 cm below the surface in the flat and
clear parts of the uncovered zone. At the beginning of January, ice layers covering
some of the enclosed puddles disappeared and water pools, namely open puddles, could
be seen. These were several decimeters deep. The mode of formation of the puddles
suggests that the cause giving rise to puddle formation is sun light absorbed in the
interior of ice.

For the sake of brevity, let the top and bottom surfaces of the upper ice layer
covering an enclosed puddle and the top and bottom surfaces of the lower ice layer
separating the enclosed puddle from the sea water below respectively be denoted as A,
B, C and D. In Fig. 4 A the positions of the surfaces A, B, C, D are given for an
enclosed puddle formed at point 19 shown in Fig. 1. The upper and lower ice layers
are indicated by the dotted areas. As seen from Fig. 4A, the upper ice layer became
thinner as the days advanced and disappeared by the middle of January, while the surface
C remained at almost the same level, indicating that the lower ice layer did not melt
at its top surface C. Fig. 4B is for an enclosed puddle formed at point 20. In this
case the top of the upper ice layer was cloudy due to the presence of numerous bubbles.
This cloudy surface may well have weakened the sun light penetrating into the ice with
the result that melting of ice in the case of Fig. 4 B was slower than in the case of
Fig. 4A. With the arrival of autumn at the beginning of February, upper ice layers
newly formed on the surface of open puddles and grew thicker and thicker, whereas the
lower ice layers of the puddles remaining up to this time melted gradually. Fig. 5
shows the changes in the levels of surfaces A, B, C, D of a puddle found at point 0.
As seen from this figure the lower ice layer disappeared completely on March 9. But
it is noted that the lower ice layers of some puddles did not thin so much as to disap-
pear but seemed to continue to remain until the following spring.

The formation, development and disappearance of puddles are schematically outlined
in Fig. 6.

In Figs. 4 A and 4 B are also shown the vertical distributions of temperature. As
seen from Fig. 4 A, the temperature of puddle water rose as high as +10°C while the
puddle was enclosed and suddenly decreased to +1~2°C when the upper ice layer melted
away. The puddle of Fig. 4B had an upper layer with a cloudy top surface. In this
case the temperature of the puddle water stayed below +2~3°C.

In the uncovered zone of the straits of Kitano-seto, the upper and lower ice layers
of enclosed puddles were always found to be clear fresh water ice and opaque sea water
ice respectively. This suggests that the internal melting of ice would have started in
spring near plane E which had separated the clear fresh water ice and opapue sea water
ice in winter when the puddle water was frozen completely. It was found at both points
19 and 15 that surfaces C lay 20-30 cm below plane E. On one occasion observations
were made on enclosed puddles formed in a sea ice sheet floating 80 km offshore. This
ice sheet consisted of opaque sea water ice from the top to bottom. In this case the
top of the ice sheet may be regarded as the above mentioned plane E and the puddle
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water was found between the levels of 10 cm and 30 cm below the surface. From these
facts the author considers that the internal melting starts within the opaque sea water
ice at some level lying in the range of depths 10 to 30 cm below surface E.
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