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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] Fa% FES ARt WY A= IA
ato] B3 olFat wHH A1} Wit AIFE F
g A 713 BYS 5 5 Utk o] F &ofell 7Ht
7|Z2& o)1l Fa3%t YR E AlFsh= Aol HoluE
o] &5t Woltt 7R o7 FFY Flold
Al 2"E E-gsto] Wete] £ AKX HES HEWe
o] 927} £5] AR Y 0 2 sl GPR
(Ground Penetrating Radar)= ®3} Ao A
dxPch

3 dete GPRE tf f& vhddolu} 79| Hls}
TEE ol S8E T S35 7157} | o] vl
HEu g Fol 2 IS vA AR 22 e
Aele 5= S 5T 5 e 0l 7
ol28 g=ollA &8sl]o 2A FA} =A] =tk
1 &892 GSSI (Geophysical Survey Systems,
Inc)AF AI28] 79, o Bolq Bt AT-E 4
Yot 02 o] FRA AL AT AP
(Cold Regions Research and Engineering Laboratory)
|4 135 MHZ QY-S ©]-§37F detivt 2199
ThEaAd AL (Arcone, 2002)2}, =4 400 MHz
(Arcone et al., 2005)2} 80 MHz (Clarke et al., 2000)
£ 893l W3} d3E £33+ Tt Sensors
and SoftwareA}2] A< 100 MHz<} 200 MHz7} &
I3} B3] Wet Ao] 22 YLE|YrhMurray
et al., 2000; Nath and Vaughan, 2003). Mald
GeoScienceAl2] A|AHE-L 501} 100, 250 MHz ¢t
Ut st shite] el el 4 wisl, T A
< WG Y(firn-ice transition zone) 5] Ao
S8 TH(Pilli et al., 2003, Lee et al., 2010).

g 715 R Ao oA 'S AlE7IA7L
ARG A2A] FAHL o F23 f)A]of ot
ol AXAHE st FHERE 2= Y=
Hek= 4-8-8-%(pressure melting point) ATl
ofl o glo] S W3t NIzttt X959 shito)7]
wjEo]thBintanja, 1995). XA SHEA=
=0l 7P 2 Aol 7122 1956378 200613
7HA] 51d7F B -2.8C .o 1988 g 20054
7HA] 187t 7224 9] A at7]20] 0.03C 53t
ATH(Lee et al, 2008). A HZAA4-L 91.7%7} H)
32 dof 910} 1956~2000W % Ato]of| F 65 km®
o] W7} ot il Aoz BIE Yo} 1 ¥}

o] A Z+AS A 3kar Jek(Simdes et al., 2004). 73
Z2 oA 9 Wt thFol Hls] &A=
AR F=e k| A 37 AL FHERE Wt
A Za o] Uko = 1995/964, 1997/984,
1999/2000d of| 7 22| ol A Hlolt] 2A}43] A
AlElo] W WA o A FA|(ZH 395 m)2}F
525 9 Bk ol

HWatoll A Wegste Wi 22 Zuks, Thd
AA, Wt Yo =2 52 Wt a-s s #=
H Fa3t FEE AlFeeh E3] Wt si(fiik)
7] S3bol|, Wt Q| AATE =] 71 AR A
2 A W5te] SA 1} 340 AAHN SR AFojE= gt
WA A(Firn line)9] ofsfii= Wte] E&4A](Mass
balance)& Ashed] Fo¢ L @t a4
A I A BEsHA UHARAIA ¥ Y
(zone) 9] P2 Vet = gt o] ThAA ¥ 9
FHY EA= 4 AYuitte] FH 5 AE7E o
27] ol gF AHHE Wstox EE Hurt
UL W ol 71A] 2 A oJE| 2 9JA] ehrh(Palli et al.,
2003).

o] A= AIE7IA7} de E=H 2 A4 vlE
W TGl WstolA ot & F8f Wix
£ o|u|R| 3} 5t 2Hstol| A 2 EE = ThdA
-g-20] A Wt sHE AP o EAL olsfist]
At F 7 km 7oA 53 Hlole] AE 1L
Zst Aolch( 1Y 1).

2. ATX|

HAEALLE FTEY 55 £ 57° 35 9 59°
02" W, 61° 54°2} 62° 61° S Alo]of] Yx]5}aL 9o m
FHERE FEAA 7P 2 0 2(1,139 km?) 2
0]7} 79 km, Zo0] 27 km ©]|tH(Simdes et al., 2004).
A GE A2AH Y] FAZ] KRS K HRbE
O HFERIE Ao 93l Wst=, 7|ukehe 7] W
o710 A A37] MYz o]Fo|A QUtk(Lee et
al., 2002). 3 =), @R, EFAE ok
& S, A EY Fol 71N o] R = T8
erdo|th(Lee et al., 2002).
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et al., 2004; Lee et al., 2008, 2010; Kim et al., 2010).
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W} yte] £E7L0C o)A 2 o) | WEE &
ofolt. o) o] Ao Wl iR U84
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H3Hsub-polar glacier)e} 2137} A A& of
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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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GeoScienceol| /] A2+ RAMAC/GPR 50 MHz
RTA(Rough Terrain Antenna) QFE|UE AR5}

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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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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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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Fig. 6. Enlarged image of crevasses in figure 4. “W’ is the distance between the edges of stacked hyperbolae.
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