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Abstract : Basic information on the mechanical properties and crystallographic
structures of Antarctic land-base ice is obtained from field survey and
laboratory experiments at Korean King Sejong Station, Antarctica. In this
study several ice samples are collected from the top layers of glacial ice, the
icebergs stranded on the beach and from the first-year lake ice to compare
their densities and air contents volume inside ice samples. The ice samples are

also prepared to investigate their grain sizes and crystal formation patterns.
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o}z =4 (Polar regions) & 1 7tE¥ 7|FzA02 Qste] PFL Ut
#8%0] 2AHRA oot FA7] Futd] EAA olF A g A, A%AH
9 ZaAo] BZHI EF o]F AP HAAY REo] AHUM AHA A9
FA 7% AL 9 2 xFo] F=HAL rh

Azstoz Bt o Boi: Hzx 1947% Wadon BN
zste AWozyy FUsts oAs

o #HANY M giol FaAd B FTHHA HES JHR
o} olu] AR AZAME FFALe] BAA=G A FEE ¢
A02 A5 Qo AA SEldeddE o] Hofd ATt xR
gAd MFaa e Feeld.
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ax gty A7 ot F /HF EAAHA Rol w2 dgd B AyH ¥ 7
Qrd A HAHE dFe] AFFEREIY BFFE TES 9 %l
wre) MA QoI WatFE (ice force) 8 FRol 7A% & #AAEL & + Y4

co gu 724 Azd: 28 ARYAL A7) (grain size), BRF ¥F
7 B¥ (c-axis orientation), % (temperature), §¥ (brine volume) 59 A%
W2 dR7ze] Aol7t 1 ARZE (material strength) o R17He g F1
brittle 1A ductile o AR ofF ZTYe WIANE Ho Foh (Hooke et al,
1980; Duval, 1981; Jacka and Maccagnan, 1984, Cole, 1985; Poplin and Ralston,
1992).
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(isotropic) AAA &8 @4 (fresh water ice) A &Y (multi-year
sea ice) & HE o]%A (anisotropic) AA LA s (first-year sea ice)
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g za7h oj2ojn wk do} (1§ B°l Timco and Frederking, 1982
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Poplin and Ralston, 1992), ©]ol ®l&] G3d&9 A8EA3 dgLze) B3 =
Abe A7AE7F 438 =& (Urabe and Inoue, 1986).

< A7e ¥5A99 PHE S (and-based ice) ¢ Watsl 1z By =
gE 39 Fo A A ARAYE e wIs AL ArEAs
A7Ee dE 71zag £7e EH07 ) o]F 9ite B 7=
@5 AE/A FHd Y49 Wetd o= By 2y s o9 adn 4
A TEF AL NBE AR AP BHL B 1 AYTR ot 2
71 223 dge 9Ee AR ES =AY

ATEL 94 AFT/IA FE9 Collins Wt FHES 25 m AE A Fad]
Hla A A dge] &8 9rw Aas AAsga, geow nel Antyg y
o SrAA 29d AoR #PHE AYAYN BF AFVA TR S44 @
°F Sl= ddA F9) ARE 27 AP

AAE ARE G 10T WA 20T Aold] 55 FR8E YEddy A
g BES IR FE FARAL, =F AHY ARE FATZ Weg =x
BE ASYHAM FA 5 mm A=) e APYZ TUL AT 3 AwAL
T L BATES e 2718 2ART AAS G

2. NBRAH L Ay

< Q7= FFA9 Y9E A4 (land-based ice) 9 ke 22 HE B
HE ade] fel did xAl AFUPL Bl Was FAste= 489 A
BE54A A7z W@ /2AEE A=y EFHo] gy, o) Aste] 2 A
AM= B3 AFENA T FAE Wate a2 By 2o e f9 a9
A FH AFE A4S 47 APy APY BN 28 o A 5o dxsh Ey)
FHEdE SHNAL =3 AU A S B 1 A Tzs Ee g el

21 AR AHFAA

< A7 ol gd §498 ANEE Figl ol Uehd upsh o] A AAANN A
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Fig.l1 A map showing the collecting location of ice samples (solid circles).

A5QY. B A7 74 $EaAAT dfo A 19939 1297 1994 199
A3 King George Island ol 948 AF71A F9 QA FPHAH A7
7ol dukFel atAd7|Q BAR AFA FH AdANE AT A=A
W A9 Y (first-year sea ice) o 2F Zold@7] WEd) o dqAA e &
Wo] gE 2AE 2% SAQATAAZ FA A3 gy B AFANE A
Qo] ¥3HA g FFYHE ZAUZLE G

A Az AFFAE Site 1) = AENA (F9) 62° 137, A7 58° 47') o A
15 km AE Holx A2 W3t (Collins glacier) 9 #F% 24 Uruguay )
Attigas 7|1AE F& HZo| sied Rolth HE FFHe| M= AHAA LS AL
ok 150 m o] YN EAY EZIA 1 m FEE AYFo=A }A = el A
250t gol o] A AA Pobq 4A F2AE £ U dob Aen
o] AZ=g Aol Ho ANFEAY (ice coring) & FHFSHAT.
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AHEE A FFHE 9 SF F3AQT 4 (CRREL: Cold Regions Research and
Engineering Lab.) 7} /A@3dk S9020 @24 sutae] sl&dadAe] o) Zo] 1
m 9 #3Y FLE HANA ELF L AFAEE Hol U (3 1990). &
TH T2 4599 F3Ho glov Wad " g =)o Fee @
o 71& & A Hol A3, 459 WdL mingd Fdol AN A
27 43U P AYAEE o lvh. i) AR L 8cm ol 4% 1 m &9
2 WA a7 AlFEY &% 943%8S A48 o 0 m 7AA AlF7} 7}
THAT AFAIRY ATEE T F e AVQAFAI) s BAR dA=
T F m o AlF7E wl$ ofFul Site 1 A AlFE Wee HUHol:= 25 m
R A|FH9e) 2xE= 05T ot

ARG WA EE ZHol F om WA F4 om AFez F BAAE =23
3% 99 dgFol TR FHs3 g 2 BAAE deEe FRe
715 A2 dSFxZo R QAstd A9 WAd slgA Holn o] HMZo)
AEsts 271249 fim A Aoz Aadyg sty Tzl FY s}
53 FSUSFY R ALFY gl A& fim AHdA Widgom
Wsle= 7jzhe] H 3500 AEC firn ¢ ZolE 160 m o] ol2E Aoz W
aso] oy, B AFAH Zo] i 293 5L BUE AYdME o
o= 29 FA7d U Fo] shAvld &Ad] Fof Ak Wae QX g
dojyjEl = FAIZ fim A WYL HoldE HAHPo] B Q Alo]of doju}
H firn 9] Zolk olF &L Aoz AdeiA At} (Sugden, 1982).

AAE WANEAN mol= HmA
Yoz rd AAWH Aow Ry 4

AAW vy FHG Fe FANT ALe WEs SRy IRTRE 24
stodl ASE ARE YHAEF BUR Lo fUoz UIANE AL
249 :—171: 1-2 mm A=gch ls« 12 Age 4EFAM 50 cm Lolo] T

3t = ZAAE (Site 1) 2 A3 o]f &, W32 5 d
e AMHZ RE P FFUoRA, B4 P dERE Z4E gge
Y59t A o] AW A 3L, T3 AAA (recrystallization) Z}
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oA o8 FABRFFE HokAn RS 27k AAA gk 2 WE 43
o Age wWwF YAl HebM odd AFA AL AA ¥ yH=
gonz oF 3y WAL F A4 F4 (Site 2 F Wwau
22 & vk

lo pge AT oX
-
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FHA A8 AFFL Site 2) = AF7IA F9 2 km W siIrt=A whE¢t
2% (Marian Cove) ol A% W32 ¥8 FeHo uigd woads & A
Astgdr. vtedet Awte) Yae Z|EAoR AW (valley glacier) oj¥ FH
o] g oa Zivtetey) FAF FA M3 AR o]lFEA HeH, A 3
olo] ol2w H@3 =v|E oA nigtz BolAd (F4Y 9, 191; Fig.2). #t
2ot Avte] Wt oyl A&AY Eol7l d# 60-70 m o] WEe AR
7t #ARA grounding H°] Yot ¥ b FU offFe] oyt 140 m AEER
FAgt Fig2 o4 € & A%l WA Feses 482 F2 AHAE0)

EQUILIBRIUM LINE

L BED ROCK

Fig.2 Flow patterns of a valley glacier and detatchment of icebergs.
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AFAA 9 FIA9 948 W) ARELH FAT=

odd HEFRE FH A% Aol WEel THH FAVFIE WnA
49 271 WS AAE o] BEolT

7] B¢ AF7IA A HstdA EAHE & oiRE qEet &
Wate] stFFoAM Eejdo] 2/ vt & woorsl zhxale] sicte} &
FE Ao2A, fdon AFAHE ZAY A7)= dAZ 1-2 cm ol Ed
TFT 67 cm Ax9 2 AE AHAUG. 1Y ofF =EAE ZAHZ7] 1 mm
A= 7127t A9 E0IA ¥ TAEY INY dg5HojE s FEE F AN
edl ol AAAEA 2 e 9UA &S A=A §rt eH@d W 74
(crevasse) Atolel] 31Q1 Eo] dolq FAHE AoE FAHAL Site 2 oA ANFHID®

ALARE ot F& Yol Bx Fud YAk

3

ARA AR AFFL Site 3) & AF7IA FJARH AAsFd FAH 93N 3
4 (first-year lake ice) 0.4 T4 ASZ 94 o] B AYr] w9
A7t FMG BEES FE Aot AAdAAcw B b Site 1 W AE2R S

AES fAS] MBS T 244 RTEE NEE Ao F4T & Atk

N

12 &9 2x H

of

NgHF 53

AAE ANags A d3 10T WA 20T Aol 2EE FASE Wi o
Al BRASRS AFZAZE EHlHE d2 459 29 FUIEREE 4849
o Site 1 ¢ W¥siA R B9 AR Jhad d@FAY Fuldd Aol 2Hf
Az YEddA 3d ol BaAAAk iz, FNEFA F H9kd Alg ¥4
ol WEAWIAA A2 FVNFFHF ol Al Agde IR vUE 5
< 7HAA H}qd WEk M Site 1 9 A5 ABRHERE AAS A2E AFH
FHsoF St Site 2 9 Site 3 9 AR AFT FA AP EANMES
Hl skt

A

HN mlo oL
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g9 Qe AYH YA AAS Fs Adstanh 2 e A
g olgatldl 49 AUEL 05 g ARG W AP AR
2 He MAYANE o§3d YAt 239 FAEE AFSA
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4744 - 239

A AeFolE vt ey 4 Atk 4 &
A7) $lste] Fig3 o 2ol 9 5T o FFUNA
Sol %o 9 dgdolel® W 47 Eg2a8 ¥
e H Aeo AL FA3 = o) W WAULE F/YLL AV BE
4 52 J4PFAE FHEAT A o2 X FHA INNE HL
=

2 By &A% Eed) € 4+ v (Urabe and Inoue, 1986).

A 5 WEA 9 23E NRES 259 TUHFEE S 43
g3 5 w3 1 ARTLRE ZASGY dLARE AATRA @ =3

=

KEROSENE

FUNNEL
ICE

SAMPLE

Fig.3 Experimental set-up to measure the air content in ice samples.
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AFENA F8 G549 4D U ARELHS 2R =

e Add (93 3C WA 6T) A T4 5 mm =) e RYHE Ew
2 A3sn AnAe Fd8 1 ARTFzEe Fue 28 2ASD AAE B9
St AH8R Bl Zeissite) AN Aol 4L AAAY) EAlE &
WMol AT dx AP ufsn Q= A2 F A2NL 5002
Abgate] wrasA,

NRE AEH 2RTFE ZARAL BF BAANAN 0T Ro| ug
AT ane 33 FUBRel Y= A AN AN Y AAE BIAS
B AL ohth Tt Aedre BF £F AR/ ME FE2 i) WE
o AR=A7] 24 L ANDG) o2k HAJAHS ofF WA ABsA Fo
W ooem B A% Hof 52E BE AN® 5 AEE FA2 FAL AAE
olgste] B8 EFAA st oj@gol Atk Telm NPAL HFA A
Agol ARsES 20 ¢ BYH (FA 1 mm oW) 2 W

NeHom we oHgol Ytk FF AFHANNE ol BAHL HIY &
Q& Wgol 388 wsolor & Rl

=& Aol AR

3. 4344 A B9

AZAA 29 Aol AR Ped e F9 2dn S AP
Zr\gHFol e 24BA7 Figd o} Figs of et Atk AR AeARE
50-100 g 3%} 2712 7128 A Fig3 ol A5 325 olgste] 1859 U
g FasA5 7 ARG wet 1 ZPAY PEYAE FATNZ B

2}
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s
~

o

Figd & 929 49 2EE Yeha dsd 4 AFZ4A 2E HF
A= zbzh 0899, 0917, 0.898 g/em® & AAEATh o] Aztel ot oju o4
@ uls} o), Wt FEF) A4} LI FFYL AY e FAEAE 2o
3 Qo e BaE $99 s olnt BEsL BA AXHIL Ak o
= ogge gRRel 2 3/ERF0) He Wil sEF¥oN BId AYL

AAM %3 Utk Fighs & $71%4%e 54% 2%E nolFy Qed 24 A
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FAFzdA e FHEAE 355, 319, 560 % = AAHAG. o] L vlma B o
7 AHZ LA e Zole A dE b 28-S & 5 U

AAH ez & w T A7 dPF A vste] TR ol UF
A SAHAAL WA Ao #E vEF A4 doln A& ¢ F Aed o
£ E°] Urabe and Inoue (1986) 9 A ¥9 69° o ¢94X& YEe Showa 7]
Ao A ARG YA A T FUIAHE 99 % FE viEd 2L e
22 v Aok olgdd Aol FE AP AUk #AAW Adegn HAA
53] 7187 FE FAHRE A9, 98HoE souy 4" E VEF 9Y
7F 27 ANEEY Yol o] U] Wi 24 JEE 2F gds) 2e
T e Hel AY & iy Agdd

%8 W% (cross polarized light) & 3 #v7 ©2o] 5t A2 2RY
* gramlar ice EH ooz BEW us) ol Wal 422} 54 3
1

r{r rek

2

cm ooz A EAalY #ZZAFAY) T} AL 4 F AUt (Kosunoki et
al.,, 1983; Fig6, Fig.7 #x). 432749 ZL7|& linear interception method & A}
435t A1stAtt (Cole, 1985).

|

Fig.6 Ice crystals from top layer of glacial ice (Site 1).
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AE71A F=9 F3AG0 FA4E Yt AREARA AAT=E

B Adye= ‘*311“01] FAE S5 WS (glacial ice) & |4% (land-base
ice) ol B FAZAY AP T ALY AREAN} ARFRA B
%4—% zHog QY. A7 WHE $H ME7A F¥ Collins 4
22 AZda vz APA%e] Fe FrUe AARYL, Bgo=
ME7A 238 Wate) 3ol FEd AeE BudgE odd bﬂ"o‘%‘ﬂ# =3
AE7A F9 S4d dol i LdA 359 NEE 27 AHdAT. A
A9 NEE 43 10C WA 20T Atold] LEE FAE FFAoN Az} F
AgHRe 2As, o YT WS FH 22 ALAHIN Fe B
Jehz FWS /HEE 9 ARAS B 2 RTFEY Fhe 27F 2AED

O
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434 - 259

Al g3t V)R FH A A, U AEHe) 9L Site 1) F g9
A 24 Site 3) & A9 2L FAEAE Holn oy, We AERAN R
gd #19 Site 2) & b F F99 NIy o FNFFLFE A3 dEE &2
Aoz Yeyth AXH oz & o g A7 AP A vstq F7)|ee
o &el UF A SZHHAD waby B9 g5 A dojRA, Wate) Bt
T e AREAHE MR NI F AE AT FES FAY 5 A

2 978 B dojW APARE vFer oz WHAL 288 Y
o] AAC B8d WIAFE AR A 7lxARE o]8E & UL AoW E
3 A FUde YEAEY (cold room) oY WaFZE (ice towing tank) <}
AL YAde A% 712 AFAAHe] ARE Aol wEd B d3E 98 o
g Fd9 A dPFLEN FF AFVIAE 24T F A= £ V)37 5
Acki BorE.
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