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Joohan Lee, 2013, Investigation of polythermal glacier on King George Island, Antarctica seen by ground pene-
trating radar. Journal of the Geological Society of Korea. v. 49, no. 6, p. 639-648

ABSTRACT: Firn-ice transition zone and subglacial properties of polythermal glaciers on King George Island were
investigated by results of ground-penetrating radar (GPR). The northern 3.6-km NNW-SSE Profile is along the
boundary with the Doctors Icefall Glacier while the southern 3.4-km NE-SW Profile is along the boundary of the
Moczydlowski Glacier. Average profiling speeds were 3.17 m/s and 4.45 m/s, respectively. A center frequency of
50-MHz unshielded GPR antenna with 59 ms radar pulse intervals and 4181 ns records was used. The firn line has
formed at 350 m altitude. Layers appeared on the radar sections are merged smoothly into the glacier surface and
thicker at higher elevation. The upper 30 m layer of cold ice shows clear layering while the underlying warmer ice
is characterized by strong scattering in the ablation zone. The accumulation of the ice mass in the Profile 1 gives
insight to different inflow of ice mass from NNW and SSE to the gully direction. The ice mass was not enough and
had a discontinuity from the SSE. The basement is clearly imaged beneath a transparent layer of cold ice while some
basement is poorly imaged underlying warmer ice characterized by strong scattering. If GPR surveys are correlated
with ice cores or snow pit data, GPR will be the most powerful tool for measuring snow and glacier distributions.

Key words: King George Island, polythermal glacier, GPR, firn line, crevasse

(Joohan Lee, Division of construction of new Antarctic station, Korea Polar Research Institute, Songdomiraero
26, Yeonsu-gu, Incheon 406-840, Korea)
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o] 8% FiS AR Wt A+t FA
5t9] E2|4 olFd} THHE A7 Wt AFE 5
B 7% HEE = 5 ek o] 7 2okl 7H
7|22 o]a F23F JHE AlFdt= o] HolHE
ol-&sh= WHolth 7 2] /Y ol
A2WE $gote] Wote) HAK vL vae
v S2)7} £] AHgal AIH .2 Bl GPR
(Ground Penetrating Radar)= ®3} Ao A
RES S

7&A3HE GPRE i whd A ofut 2 7.20] Jst
TZE ol E-8E3I 2312 715712 vliE
2 FAF 2ol 2 P IAARE 22 AEE &
H= 9559 &3 S5 4 e a0l 714 ©]
22| g500lA 8370l IA A A etk
-] 2 GSSI (Geophysical Survey Systems, Inc.)
A} Al2-gle] 7, ] ZH)(Cold Regions Research
and Engineering Laboratory) ol 4] 135 MHz SHE|UE
o]-&3t et X H ) whdd HH(Arcone, 2002)
2}, E=llA 400 MHz (Arcone et al., 2005)2} 80
MHz (Clarke et al., 2000)5 &85} W3} A1E
£=3838}99 2tk Sensors and SoftwareAl] 7-¢ 100
MHz$} 200 MHz7} 2} 220 s} dFol] 22
L= chMurray ef al., 2000; Nath and Vaughan,
2003). Malé GeoScienceAle] AJA®E-2 502} 100,
250 MHz SHE|L7H st 5] 79} 0] =4
3}, 7had-d-2 ¥ F(firn-ice transition zone)
59 Aol L= QUck(Palli et al., 2003; Lee et al.,
2010).
3L Aol oM &= AIF7IA7F
S AZAH FRL e Fa3 AR 9o,
£ AZANE EFHE HHSAE ZEo e

3= 2884 (pressure melting point) A}E]
of ] Qo] Bl M7k 859 spfol]

Fo|t}(Bintanja, 1995). XA FHEH=
TEOA 7P 2 AHolnt 7122 19569 +-¢ 20061
7HA] 518 7F Ho -2.8°C g2 198814 KE] 2005
71 1817 2R 4] A7) 2o] 0.03°C A%}
% th(Lee et al., 2008). AR H2A4L91.7% 7} 1)
312 @] 921} 1956~2000 % Ato] o] oF 65 km’
of Wai7} ok U Ao BnEI glo] 1 s
9] A4S A sl Qek(Simdes et al., 2004). 7

o&a ‘o

it
SN
T

b

ZAo M9 WetdT= gl Bls EEsHA=
A FSEH 37 A AT HHEHE Wt
A 2o Ao = 1995/96d, 1997/98\,
1999/2000\d o]l =2 ol Al Flole] A7} 435] A
AlEo] B A S A A (ZH 395 m)e
H 25 gl B ok

st A wests Wi 2 Suks, hd
AR, Yt Wi a2 52 Wt {5 s Ui
| Fad JEE ATt 53] Ytk sl (fEk)
7] Fetoll, Wt AU AAGH £o 7P AR A
24 Wt S A9 AN = AoH =1
| (Firn line) ] o]3f= Wste] E&4%|(Mass
balance)& A st=tl] 543 A4S gir} vhd A
AL 3 A7 BEsHA UHARA @ 99
(zone) 9] Fej = UEh 7] = gtk o] RPAd ¥ 9
F99 EAEL 4 A9nith FH 5 7o
27] wigo] 45 At QoA 2 ®Burf
U B oA 7] Z o= 1 YA Yrh(Plli et al.,
2003).

o] A= MIF7IA7} Y= Fa72A A Y vHE
Hhe FRo s WatelA ol s Fal YRtz
£ o|u]x|3} stof 2HBloA F= W E= A
-850 AL Wt sh A2 54 olast]
9Jste] F 7 km 7oA GEF oy A5 1
2 Zolt(ad ).

2. 41X

RAERAELE FFEY 5& & 57° 35 9 59°
02" W, 61° 54°9} 62° 61° S AFo]of| |51 900
EHERE FEA 7P 2 Ao =(1,139 km?) 2
0]7} 79 km, Zo0] 27 km ©|tH(Simdes et al., 2004).
ATA L AZ2AH FAFo] AT HHRE=
o} HREREE AHH e 93] W=, 7|9k 27] ¥
7)ol A A37] ML LR o]FolA Urh(Lee et
al., 2002). 34HY ZhE by}, dRQL, AR kA
&, S, PHEY Tl 71N o|F= 8
¢ o|th(Lee et al., 2002).

o] A9 HFPHLer YA 7|TE HoFn
Rom dAF dr|Ee 18 & HItE Holx] ¢
=tk B3 o Eoll= HI7F 2o Fob L5 R ©
o] Q= wj7} Zo| QIth(Rakusa-Suszczewski et al.,
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1993). @A7HA] o] A FlA Wstatad A7 B
o] o]FofA A= el k. HT L s}l ofgt
ko] 25 @4l tigt A7y Wk Wi &7
2 400 digt A7t 3=7] A& P (Chung
et al., 2004; Lee et al., 2008, 2010; Kim et al., 2010).
T TR HES ATkt HE (ice cap) = Ho
et oF 91.7% SFITHSimdes et al., 1999).
AFA G Wo= B4 Qo= 2T o 213t
(temperate glacier)2 F-EH th(Peterson, 1994). 2
Wah Wate] Sk (k)2 Aol w2t
sF el SE7h0T olke 2 v A B o
olc}. ol 2 o] o] ek tiie i8-8 A
gl Y-S AATTE Sl o] Ao Wk RS
(10 - 30 m) <]l gFi=)5H(cold glacier)} Hal = 1L
298K (polythermal glacier)o] &3%tct. ®Wlsl &

HO| 2271 0C o]5te] 2&E Zhe ofjtt
SHsub-polar glacier)?} W57} e A1 o
F2AgHstE RE

Wah= 1 AP 5H Q1 197 Al(catchment boun-
dary) 7} Ur| o Rt AR 92 2 A 7 719 W]
AA B2 2 Profile 1-& Doctors ¥ 5}E Profile 2
= Moczydlowskiy3lE A|U7le 402 o]
oA ATHZHE 1). F W7t A8l A9k 1 51
A FA EAout BA4A| 9 2jolof ofsiA A= ot

2 T EE 23 982 WAk Bk
3. REE ST Az

2007 F=9] oFo] AlZtEE 12490 Mala
GeoScienceol| 4] A|Z+e RAMAC/GPR 50 MHz
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Fig. 1. Map of study area indicating location of the GPR profiles. Profiles 1 and 2 are roughly parallel to the catchment
boundaries of Moczydlowski Glacier with Doctors Icefall Glacier and Fourcade Glacier, respectively. The projected
coordinate system is Universal Transverse Mercartor zone 58S.
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RTA (Rough Terrain Antenna) AE|UE ARE-51
% 7 km F3Hl| A BARS AAISIATHE 1). =

Table 1. Acquisition parameters of 50 MHz GPR antenna.

Profile 1 Profile 2
Antenna Unshielded 50 MHz (RTA)
Profile length 3.6 km 3.4 km
Direction NNW-SSE  NE-SW
Average profiling speed  3.17 m/s 4.45 m/s
Pulse intervals 0.59 s

Radar Reflection
Profiles

'

Format Conversion

'

Data editing

DC filter
(Dewow)

v

Time Zero
Correction

v

AGC

v

Bandpass filtering

v

Background removal

A
Topographic

Correction

Plot Radar
Reflection profile

Fig. 2. Flowchart of the processing sequences for snow-
mobile-towed GPR data.
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F 188 m} 263 me] Egfo] 712lo] skt
5308 AR 2 Edjo]29] Zol 4181 nso]v]
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A7t AR E FE3k B0 DGPSE B-3to]
ok gEa 911 422 Sk

Az A g AUE AeA 2] 223 RadExpro
£ o]-g3ko] Annan (1999)0] AlSHE 2242 3}
A& 7|22 T A2 A= 2 29 ol
AL ARz 2 Mg} 7} EFo]A9] 9
A9} =S 97 S ‘jﬂ’ST—} Efﬂf’]i Hy,
DC &S AASHA. dutaQl B¢ 541719
A&7} 4 mo]7| wzel 37152 Z‘ix}-ﬂr £E=7403
m/nsZ 2| 1| 13.3 ns Fof| A 4157} 7| F5 o]
of shit, F=olA A A7 A9 AoFAY
BAO1ES] o 2=t oJ3 Atz JHT &

71=H"th(Jang, 2006). °]2{et 717] Aol of7t &
o} $A17] Aol &l 51 nso] A|AE A
BASER 7158 AL 10 ns8] 2FE oS40}
(AGO)2 B4 AL ol S Azke A7}
Fof|A] aLFFutgof| o] 271744 Al B ot 32 29}
Sk Aotk Aol A AREE helure) 47T
T fige AL UmA Fuk 'S AlASH|
9lste] FAdE 2= 25 ~ 80 MHz9 i H 532
E|(Band pass filter) & &8s}t Holg A
o] Azl £ o2 ek P9 ARS A7)
7] $fste] Z+ EFlo|Ao] BghS wl= e

HULOE%E
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He ARt 2 dHS Eich

HWsto| A9 Flojy Hup L= w3 vhad, W
3H(cold ice®} temperate ice) U 5ol EA35t= &3
2719 ool olal +%8/5YH o= ke
¥35H0.14-0.16 m/ns)SFcH(Lee et al., 2010). B3}l
Al glojH o] Aupb == dRfo A okt o R
ZA4 4= Lo (Murray ef al., 2000), ©]H grALo]
A EYE o83 AFH F45 (common mid-
point) A&, FZHEAEH (Wide-angle reflection) 5
o 428 SR ol Wale] SEE 24510
oleigol itk neba LwHHeE GPR A=A
o) A9 F7b0s ol Wl o] F FEREALG A
Algh=d] AeeHA] 2 £k 22 s T E=
Az o] 922 55h7] o) FRRAL AAISHA o
3 Kim et al. (2010)3} Lee et al. (2010)]] 2J3f Ao
A Watol o) B AA7I9 S22 016 m/nsE
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% 5ol FIFE 7|1A]7] P&l oA ol wi-
Zasich 3A g2 AFELS ol g o] 83t
Wetel o] EAES HEUll7] st A=E o9
o} 2" stol| A W3t 59| =2 (channel)= T =
Fo| mom wa] HYPE = IS Ho|BE -
2 54 EAL 2=t Ao| YR oh(Stuart
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Fig. 3. Elevation corrected 50 MHz pre-migrated GPR section of Profile 1. The irregular glacier bed, chaotic struc-
tures in temperate ice, near-surface sub-horizontal layers, and surface crevasses (arrows) are imaged.
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Fig. 4. Elevation corrected 50 MHz pre-migrated GPR section of Profile 2. Down-glacier of the firn-line is charac-

terized with several crevasses in cold ice.
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of :2|84, 4 E4Jo] AFZHRI WIS 7HAL
£ AL At o] A7} 7Hs e A2 2135k
U 1245t A B EAE a8 HutEle A
A 7|kl 74t = 714 AA Wk Wi =
A B4 9ol = /%= Wate] FA L}t 2ol WieE
o] ztolof oJ3f Yt TS A3 S 4= Qe
Aotk I9 4= I H#3Q d=, 2245}
7P & 5491 25 AR st EA8=
AAE 2 B Qi) glolt] dHAollA Bst
FEHAA oF 30 m SHR7FA] WEAFHO| LYEhA] ok
£ ko] EXFT. o] zto] SR A"
o} W5 WhAL Fo] F UEhA] ghs dkle S Ui
of 89 Fhfegel Hof 7t diulzt & YehtR]
F= AR FHHE) YHrA o2 Flolt] oA
HiabHo] Al YefdE AL 3717 2 w 5
T, =2 £0] 3715 APAA dHew 37
0] AL = T Aol 9] thulof gt o] 7] o
2ot WstolA E2 o]d T/ F 7S &
< B84 olEshe AeRE 4BA Sli=dl(Oerter
and Moser, 1982), d¥+= F7tol ol G =of
S T2 °o|F7]|% g} 53 400 - 1800 m 3t
A gyl st shof of 2] LA XZE BEAbH o] ULt
£l ol Fal 2/ gHstete] FAHE 4A 2
3 A& 4= k. o] Y] EE 3 A2 YR
2o Eo] AFA A7 ATE A=FEH 2 IS

et al., 2003). Irvine-Fynn et al. (2006)2 &S Wi
HO

ror

ojuf st 2 Foll YA T == Aot o]
A @A e 2ustold £3] ehis @goz ol
9] Johnson W3l A= H =T Qltk(Navarro
et al., 2005).

19 5+ 298 39 53 0- 1400 m 7k gt
ol Hlojt] T A = o= ojoix] whd A
Z=0] 2 T AdA ThadS AR w9
skl YA FEE o2t ole FF R A
EJu|E oA ulE o] FA|Z A5 E o] A= 59
Z T A x=of BT BAZE QAck(Sharp et
al, 1993). Ao T S w2 =2 Z
5 FAZF R Wt stRE 445 ghotA|
Utk =R WS FHA Q) 2 30 FAI= 7ol L
= SR FAA dEe) itk o= vhad e Y
Rl EA o7, AR ARl £50°] M| 7E &
g7it sfjRo] A|ZtE]= o 5o, EX 1= (FE o
WMol 5= LE)7HA] wo] A H=tl o
Al 2L 9Jofl zo] Aol FYE TS RHESHA F
£ e whdAA AREORE o B S X4
gtk i H2 o] S9 B2 Wt FHOE L EEA
L o] ARl Z-8] Ao 9J3f Wt JRELE
OFH 7] 2o A A Hr

s} AR w9 EF @4 oldfstd Hste
& gt RS L2 4 vk AAE Vaughan
et al. (1999)2 B Yol A REAH} HE D-ZolA &
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Fig. 5. (a) Enlarged image of firn layers in Figure 3 and (b) simplified cross-section of a glacier near equilibrium
line location. The firn layers are subparallel and merged into glacier surface near the firn line.
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& AE=E ALl W=t 44838t Arcone et al.
(2005) W3t ] A oA EQ T} A3, vhE9
&5, ARbAQl A vlgg o] &3t Hdg ]85}
of 33 SA 0 9= PR s S e
o A A FoA = 7 304 YEhd Z(2500 m
T2 BA = NNWeLSSE ke 2 3g5= ¢
=9 Fol thE= & = Utk FAF ARl A F 7HA]
SAE #< 7+ Aok stubs 27 39 NNW =3
%= 350 m Ao A= w5=0] Wet EHI} vhy
o AR = S & 5 et o] 1=E Tdd
Ao 2 sfAe 4= ik WHH, SSW Hakol| A vhd A
Aoz Fofd o e TS0 AEsHA| §aL ot
%, 2500 m FFOo2 Rt A3 Fudo] o
2t oujo|tt. o] F Fio| A5 Iud2 74
Z} Arctowski W€43} Warszaw B€(2F 1)94
71elske Ao s 4 ok ofd Sjae Wat
shro] ARl Bt Feulse] B s
= & 4= 1t} Profile 19] SSEX-3} Profile 2 35
o= Rkt gol EARIT AHEAY EX=
ot U AAF B T2 £29 DR 1
7} th(Hooke, 2005). ©o]& ZA4=Z X Profile 1
O|SSE Fio® & B Ao YR &7 Y
gAo]A] gkouk NNW gkl A= &9 4
o] FFo] o] FofR AL Q= Ao 2 HoZrh
Hsloll A Flojt FAE 283517 $2 £oF 5
Stz RSk o ol 5 AX] SuiAE 2
o= Aot Flojt] T Uehts HiAe

e ZEAFE Y vhAbEo] of 2] 7l HAHAA
UEh= Zlo] E4 & ot} 2Hstol| 4] Ueh= &2
E4 o|u| A5 aj4st7]of wl-- o Heh 235kt
-2 HsEe) Wi iel EAsH= Eolu AskEE,
Ho3le 35 A=FH Y APz & 5 3
SAHA Flolo THAdel ZELAT 3-o] Yehg
o Zupio] o3t ARG HA L2 = ¢l
7] HZolth. dRtE o2 GPRAMZ A= A HEA
Ao thF9 ZEAF 3o U=t f=
£ e Ne ZEAF o] yehdtt ol AHt
25 TRt Flojtke] A =7 ¢ E+FRlekar AH
FARMEUR 7H2] §a1 of 2] F2E AA|7] wfiZel
50 ZEMT 3ol UehtR] gh=th(Arcone,
2002). 1 HAHAE o AR A ozl
glojot oA = U7 AHkAo) A WAL 4T
< A2y ZEASO] HAA Yehd GA4 &
o] 7Fssitth 7 & o2 11 69 54 1300 m
Ftof Uebbe ZdHEAR1H] 40 m o]/4+e] Zol7t
A ZEASO] & TEE o] ZEALS I FR
7H A2 AALHA A= YA L o] 7+
= Ho|u Sl=H|(Zd 69 W) EAAR AL &

7 T o] A& A4 o] YehtA] 9t 7180 A ALY
oA Yeht=s Aoltk o= shte o) dtiof 9
g o5 REAbHO] obd kA HoflA] 3] E o]
el Aoz 8E 4~ Qlok(Taurisano et al.,
2006). Ws} Foll A= thekt Feje] 2 ur2rt
2RI} o AT HE AL Fuise] ol
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Fig. 6. Enlarged image of crevasses in figure 4. “W’ is the distance between the edges of stacked hyperbolae.
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Hl3H 7| Folsol Wolxly] whe] 1 Yejs 1
A|3] F-&E& 471 it} 3FA| Tt Clarke and Bentley
(1994)= 224 Fefol wd Sof 2 Taks g
we] Abeft Sl ol ©el i=(Snow bridge) ]
FE7HA] AAISHAl &8l sot Flold FAE §3
Sefok2 e} S A7} 7R3 Holeh Dalaney
and Arcone (2004)2> GPRE- 0|83t I gufA A
oA M=o] FAE 7 F(YHHE 2 £o] 50 cm
olate] 7w o2 ool 05-5m 27|12 4
A3} et Weirh wma 2 golsl el
2, 5 m ol4e] 27|72 Bt FHIE 2= AUt
A8 PR,

A QHElbe) Fakso] 427 Balsol oF 86
cm (A/4)Q1 Z& Zershd 1 604 AgsHA
ehhe SaplAse 1 Fust oje 2 Hoe B
E ool AuE RS 9 Wt 2o
A= AR woll HA A w22 9o QL 2 &
o] BHEolA 10 m o]4e] FHRE eIt gAp 5
Y SHLE FFAZ7IA A Y B olF
She ol E2ololA B 7| US| ] =
7t a7 Aoz weld. ® st Fadt g3
Buks 77} phes] £ FAHLAS 23
S YR QFL Hshrb] 1% 2Akete] of
Yzt ZeutAE FeiA Wt 359 FA] 713k
2R} 580 dokd] 54 5 Wate] $53
wHE A7 FAZ S 5 Q= 7HsES o
o ShAE BN AR 5 9E Ao e,

7% 33} 404 E ahte] Sl AL Flutet
= G443t st k= Aotk ol T AdollA
wste} 7)ukerel AAelA ARi7|9tel wajel 7kt
2 FFe 713 ALY "z P A F
Profile Bl 4] 7]ukete] aej} vl ma) 2 Lpeh
3 Qlth FA+= Profile 1, 294 Z+2F 130 - 220 m,
30 - 140 m 2 YElhdth

A9 13 59] 1500 - 3000 m L7Fl| A 7]k
o] WZLSHA THEE A ghot A3t FAE 785t
7]0f ojEfgo] qiek. RhdA A 9 slRoll A= dyky
o Uehhs S40)7]% bt $8E T2
SN Eo 7]Q15 ROE Hek Zfoll 4 L
kel Fe-e 2 Wol TR i L0} I
2of 9Jst AojtiDowdeswell and Evans, 2004;
Irvine-Fynn et al., 2006). 42 A =71%| &3} 715

.
T

3

3t GPRY| ¢ W5te] FAU sHE AP Aol &
&0l 7hsstal WA EE o]-§5to] 7]utete] £4
& BE5737)% sk th(Raymond et al., 2006). 3HA]
ZHstol| A8 A HF =9 A2 AsiA
< AZ7HA] Flo|H7F FRHEA] grot o ¥ A2
7o A ZRIRE AAF 483t H GPRE 200
ol FAL LA 2Rk 7]kl of
F Aol &-8-517] of2l=o] & Aol

i

B e Wy

I
[N
[

A4ske 50 MHz GPRE: o|-83to] 72X g+
512] d<=(hydrothermal) AFelj <] Wgte}l TE
AES WUt A+4AY 7 km 729 +
et FHO2HE oF 30 m ZHo|7HA] &+
FEASHAL Qlof o] A9 9| Wslrt 25t
ghlstiet. 2/ 3t Hske] A= glolt vt
ARE Yo7 I3 WY B A9t mj - &
YA|3t}. o]= 7]% W3}t T S EHE B &
O] W3k} W5} Wi H o] M-S o718 4= k= A
= AARgtTh

glojy gHdolA HojXl £ S8 2= 1
AT} 439 AAFTHfirn-ice transition zone)
oA ettt AF A BEo s Yot gHo=R
E 40 m o|/4+2] Fo] & 3| glom Wt AR
2448 FANA = 545 Ho|aL st Uil
A= ol BRAAS ERlsty] of it 2utA
O] =2) W ol A WhALE = of 2] o] ZEAT 3 E
o] ZgutAe}t AZ o] 2 H|o|%l= 35, Al
23 H o) A Y2t & 59 o 28 2ol 7}
SR £33 w5 2YHEAY EAQE SA g
A (Profile 1) Aol A A2 o2 939 F49°] A
= AT 5 AU AASHE FolHE o] &3t
2/ H3te] 7|6ket Aol A TAE B
. 53] o g0l YAEE Wt i £ FlolH

25 7FAIA 2R B A Holl A= 7|6k
ol K9] ukao] mlekatALE AfekA ekt @
&% 2 g,

GPRE olgte] o] SAsk zelutre) 27,
715kete] FEj SOl o277k B2 AHE de
T 1o o Aito s Wl Zoju £ E
A2tz7E glol dloly S & sHA olsfisk=

]

ok

_,d
=
x

0o o N m
ol

to S
N

koo

Z

o It



GPRS ol&¢ H= ZA=AIMel Yot o7 647

gl ojgf&ol AUt GPR FAZF Zojut £ E
o} A A A S EchE GPRE &olu} W3t
Tl 7H A8 =771 E Aot

AL A

o] AT 2013 E A AT T “ 3 A2
2] AR o AL Wl S E QST
# 3 PM13010, KOPRI). 22 HEs17] 98] &
Fo] 7| FolE 27158 X YAl AE71A 203
LEg o AEUARI7A ZHARER]H o] o] 3
23 4L ARl AU A= U,

REFERENCES

Annan, A.P.,, 1999, Practical Processing of GPR Data.
Proceedings of the Second Government Workshop on
Ground Penetrting Radar.

Arcone, S.A., 2002, Airborne-radar stratigraphy and elec-
tric structures of temperate firn: Bagley IceField,
Alaska, U.S.A. Journal of Glaciology, 48, 317-334.

Arcone, S.A., Spikes, V.B. and Hailton, G.S., 2005,
Stratigraphic variation within polar firn caused by dif-
ferential accumulation and ice flow: interpretation of a
400 MHz short-pulse profile from West Antarctica.
Journal of Glaciology, 51(174), 407-422.

Bintanja, R., 1995, Local surface energy balance of the
Ecology Glacier, King George Island, Antarctica:
measurements and modeling. Antarct. Sci., 7,315-325.

Chung, H., Lee, B.Y., Chang, S.-K., Kim, J.H. and Kim,
Y., 2004, Ice Cliff retreat and sea-ice formation ob-
served around King Sejong Station in King George
Island, West Antarctica (in Korean). Ocean and Polar
Research, 26, 1-10.

Clarke, T.S. and Bentley, C.R., 1994, High-resolution ra-
dar on Ice stream B2, Antarctica: measurements of elec-
tromagnetic wave speed in firn and strain history from
buried crevasses. Annals of Glaciology, 20, 153-159.

Clarke, T.S., Liu, C., Lord, N.E. and Bentley, C.R., 2000,
Evidence for a recently abandoned shear margin ad-
jacent to ice stream B2, Antarctica, from ice-penetrat-
ing radar measurements. Journal of Geophysical
Research, 1005(B6), 13409-13422.

Delaney, A.J. and Arcone, S.A., 2004, Crevasse detection
with GPR across the Ross Ice Shelf, Antarctica, 10th
Intern. Confer. on Ground Penetrating Radar, 21-21.
June 2004, Delft, The Netherlands.

Dowdeswell, J.A. and Evans, S., 2004, Investigations of

the form and flow of ice sheets using radio echo-sound-
ing: Rep. Prog. Phys., 67, 1821-1861.

Hooke, R.L., 2005, Principles of Glacier Mechanics.
Second edition, Cambridge university press, 429 p.

Irvine-Fynn, T.D.L., Moorman, B.J., Williams, J.L.M.,
and Walter, F.S.A., 2006, Seasonal changes in ground
penetrating radar signature observed at a polythermal
glacier, Bylot Island, Canada: Earth Surf. Process.
Landforms, 31, 892-909.

Jang, G.S., 2006, Application of Ground Penetration
Radar (GPR) in the Quaternary coastal-terrace depos-
its, SE Korea. a Mater's thesis, Chonnam University,
Gwangju (in Korean with English abstract).

Kim, K.Y., Lee, J., Hong, M.H., Hong, J.K. and Shon, H.,
2010, Helicopter-borne and Ground-towed Radar
Surveys of the Fourcade Glacier on King George Island,
Antarctica. Polar Research, 29, 298-310. Doi:10.1111/
j-1751-8369.2010.00174 x.

Lee, J., Jin, Y.K., Hong, J.K., Yoo, H.J. and Shon, H., 2008,
Simualtion of a tidewater glacier evolution in Marian
Cove, King George Island. Antarctica, Geosciences
Journal, 13, 59-67.

Lee, J., Kim, K.Y., Hong, J.K. and Jin, Y.K., 2010, An eng-
lacial image and water pathways of the Fourcade glacier
on King George Island, Antarctic Peninsula, inferred
from ground-penetrating radar. Science, China Earth
Sciences. Vol. 53, No. 6, 892-900. Doi:10.1007/s11430-
010-0078-z.

Lee, J.I., Hur, S.D., Yoo, C.M., Yeo, J.P., Kim, H., Hwang,
J.,Choe, M.Y., Nam, S.H., Kim, Y., Park, PX., Zheng,
X. and Lopez-Martinez, J., 2002, Geological map of
Barton and Weaver Peninsula, King George Island,
Antarctica. Korea Ocean Research and Development
Institute, Korea.

Murray, T., Stuart, G.W., Fry, M., Gamble, N.H. and
Crabtree, M.D., 2000, Englacial water distribution in
a temperate glacier from surface and borehole radar ve-
locity analysis. J. Glaciol., 46, 389-398.

Nath, P.C. and Vaughan, D.G., 2003, "Subsurface crevasse
formation in glaciers and ice sheets". Journal of
Geophysical Research, 108(B1), 12.

Navarro, F.J., Macheret, Y.Y. and Benjumea, B., 2005,
Application of radar and seismic methods for the inves-
tigation of temperate glaciers. Journal of Applied
Geophysics, 57, 193-211.

Oerter, H. and Moser, H., 1982, Water storage and drainage
within the firn of a temperate glacier (Vernagtferner,
Oetztal Alps, Austria). International Association of
Hydrological Sciences Publication 138 (Symposium at
Exeter 1982- Hydrological Aspects of Alpine and High
Mountain Areas), 71-81.



648

Pilli, A., Moore, J.C. and Rolstad, C., 2003, Firn-ice tran-
sition-zone features of four polythermal glaciers in
Svalbard seen by ground-penetrating radar Annals of
Glaciology, 37, 1, 298-304(7).

Peterson, W.S.B., 1994, The physics of glaciers. Third
edition. Oxford, etc., Elevier.

Rakusa-Suszczewski, S., Mietus, M. and Piasecki, J.,
1993, Weather and climate. In: Rakus-Suszczewski S
(Ed.). The maritime Antarctic coastal esosystem of
AdiraltyBay. Warsw: Polish Academy of Sciences, P.
19-25.

Raymond, C.F., Catania, G.A., Nereson, N. and Van
DerVeen, C.J., 2006, Bed radar reflectivity across the
north margin of Whillans Ice Stream, West Antarctica,
and implications for margin processes. J. Glaciol.,
52(176), 3-10.

Sharp, M.J., Richards, K., Willis, 1., Arnold, N., Nienow,
P., Lawson, W. and Tison, J.L., 1993, Geometry, bed
topography and drainage system structure of the Haut
Glacier d’Arolla, Switzerland. Earth Surf. Proc. Land,
18, 557-571.

Simdes, J.C., Bremer, U.F., Aquino, F.E. and Ferron, F.A.,
1999, Morphology and variations of glacier drainage
basins in the King George Island icefield, Antarctica.

ror

AnnGlaciol., 29, 220-204.

Simdes, J.C., GoBmann, H., Delmas, R.J. and Moskalevsky,
M.Y., 2004, Glaciological research in King George
Island : Missions and developments in the1990s. Pesq
Antarct Bras, 4, 1-4.

Stuart, G., Murray, T., Gamble, N., Hayes, K. and Hodson,
A., 2003, Characterization of englacial channels by
ground-penetrating radar: An example from austre
Breggerbreen, Svalvard. J. Geophys. Res., 108(B11),
2525, doi:10.1029/20037B002435.

Taurisano, A., Tronstad., S., Brandt, O. and Kohler, J.,
2006, On the use of ground penetrating radar for detect-
ing and reducing crevasse-hazard in Dronning Maud
Land, Antarctica, cold regions science and technology,
45, 166-177.

Vaughan, D.G., Corr, H.F.J., Doake, C.S.M. and Waddington,
E.D., 1999, Distortion of isochronous layers in ice re-
vealed by ground-penetrating radar. Nature, 398,
323-326.

F 31 4920139 12¢ 6
AlAF 4o 2013¥ 12¢ 109
AxgEd - 20139 12€¢€ 31¥



	GPR을 이용한 남극 킹조지섬의 빙하 연구
	요약
	ABSTRACT
	1. 서론
	2. 연구지역
	3. 자료 수집과 처리
	4. 결과 및 토의
	4. 결론
	REFERENCES


