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Yeongcheol Han, Seong Joon Jun, Morihiro Miyahara, Hun-Gyu Lee, Jinho Ahn, Ji Woong Chung, Soon
Do Hur and Sang Bum Hong, 2015, Shallow ice-core drilling on Styx glacier, northern Victoria Land,
Antarctica in the 2014-2015 summer. Journal of the Geological Society of Korea. v. 51, no. 3, p. 343-355

ABSTRACT: Ice cores are drilled from polar glaciers because they are useful for studying past climate and
environment that change through time. We here report on the progress of the first shallow ice-core drilling program
of Korea Polar Research Institute since the establishment of the Antarctic Jang Bogo station, the second Antarctic
research station of Korea. The drilling was performed on the Styx glacier about 85 km north of the Jang Bogo station
in the 2014-2015 summer season, and a 210.5 m long ice core was taken in 300 runs, in 20 days. The age at the
bottom of the ice core was estimated to be 1.36 ka based on the depth-density profile and on the temperature at
15 m depth. The drill was stuck at a depth of 104 m but was recovered by using ethanol. The tephra ash layers
were observed at depths 0f 97.01, 99.18 and 165.37 m, whose ages were tentatively estimated to be 0.56, 0.57 and
1.04 ka, respectively. Further study should include in-depth work for the tephra layer ages.
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Wot= A9 715 7|2 walket 3 WE
Sh= 712, o9 ofloj=E 7] kA e 71ES
ZFAsEAL glo] A 7|12 sk BlfileR &
A Q1 (Boutron, 1995; Petit et al., 1999; Jouzel,
2013). Wot= LY = = A G F A= A
o Rzt ok @59 s Wek= AgHe
2 ugE o] YAk 7] wiZe] 't =
o A A7He )5t B} /1SS BEskn
= BHHY(Legrand and Mayewski, 1997; Petit
et al., 1999; Soyol-Erdene ef al., 2011), AF &-5°]
AjHom et Bulpe] B3 e Wt
(Legrand and Mayewski, 1997, Gabrielli et al.,
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Trans-Antarctic Scientific Expedition) Z2 132
A 200 (Y F X192 10009) F<te] 71 $H3E
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25 A7zl BEelT Qi YEToP
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A A% olejo] Thket ATVE(: B kA 2
A, 34 AR A5, 7AW A78E g4 5)ol
ol2o{FOLt £ AT AL HEYSAE TAol
gotel YR A&otm A% B F AST
W AR BISIA Tk o) AR/
oz g% BARom AAE U3 o8 Ys
A7E gIat Fad FUxoln] 712 Aolet AL
2H}
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2.1 HTXA

&30 AF= FHW | X 2RE EZO0 2 85 km
7FeF gol 2 AEIA ¥K73° 51.10°S, 163° 41.22°E, 3
35 1623 m)ofl A AHFEATHTH 1). A S
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Fig. 1. (a) The location of Styx glacier 85 km north of
Jang Bogo Station (JBS) and Mario Zucchelli Station
(MZS). An automatic weather system (AWS) main-
tained by MZS is located on the Lola site. (b) The
snow/ice sampling sites for the previous studies and this
study within the Styx glacier area. The map was modi-
fied from a Google Earth image. (c) The aerial photo
of the drilling camp. AMOS stands for automatic mete-
orological observation system. “H” indicates the main
helicopter landing zone.
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2 H]1a Heksto] oF 100 km” o]4ke] Walo] 100
m o9 1= AE b=t} EF o] A9 &7
vl (katabatic wind)®] @& 2A Wol o]
B2 & Hu & HEHE AHo= YA o
(Frezzotti 1998; Stenni et al., 2000). Stenni et al.
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Fig. 2. (a) The design of the drilling system. Only one of three anti-torque blades is depicted. (b) The picture of
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the drill installed in the drilling tent. The insets show the inner barrel containing an ice core (left) and the controller

(right).
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PR ECEEY

Ao &gt =] 57 == A0]7]¢] QY
Hl(inverter) & Eoto] AT W 5 A4S
S8 5% A A1 Y B wste e
7161 100 m A A3 A= 05 ms” 0|3}, 100 m
S1 A1 Alofi= 06 ms” ojs}2 ZAel Tk Al
2017} ot A4S Eo| A2 ol o &

E2jorHE

AEIA HISK(Styx glacier) HE AlE 247

L 5= AZto] AojA]=d], & 501 200 m A RS

Eol= Hlolls oF 11489 AlZte] 22 F i} *l
& T5YO| A5 uietHo A 335t A
A2Ps}7] AJASE & Alto| et =Y 7‘017}
1ot AEE ulstet =89 Id &=, I
=9 9%, 93], A€ 9] g 4 B = (sharpness)f 2]
sto] S W=t =29 I K== vty e
2 60-80 rpmof| A A3} Eo]lar & Aol A A
B3 A|F7)= 70 rpmE 7|2 2 519t

ﬂll° all 05.9

ethanol

>170 m depth i

B e
deeper

D ————
deeper

Fig. 3. (a) The video camera (WG-M1, Ricoh) for borehole recording. (b) A melting layer. (c) A dust particle. (d-f)
Tephra layers at depths 0£97.01,99.18 and 165.37 m, respectively. (g-i) Vertical views of the borehole for (g) the
tephra layer at the depth of 99.15 m, (h) the drill stuck at the depth of 104 m and (i) the ethanol remaining after
the drill was recovered. (j-k) Horizontal views of the borehole (j) above (<100 m depth) and (k) within the brittle
zone (>170 m depth). (1) Ice core sections recovered from the brittle zone.
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Table 1. Coefficients for the S-H equation at a temperature range of -29.9 ~-32.9C.

(-29.9 ~-32.97C) Thermistor #1 Thermistor #2 Thermistor #3 Thermistor #4
S-H constant A 3.0203E-02 3.6182E-02 5.3374E-02 5.1395E-02
S-H constant B -4.2593E-03 -5.2152E-03 -7.9923E-03 -7.7247E-03
S-H constant C 1.6778E-05 2.0402E-05 3.1146E-05 3.0554E-05

Table 2. Coefficients for the S-H equation at a temperature range of -22.9 ~-29.9C.

(-22.9 ~-29.97C) Thermistor #1 Thermistor #2 Thermistor #3 Thermistor #4
S-H constant A -6.3568E-03 -6.0603E-03 -5.9645E-03 -6.2789E-03
S-H constant B 1.5518E-03 1.5070E-03 1.5011E-03 1.5593E-03
S-H constant C -4.9716E-06 -4.8166E-06 -4.8523E-06 -5.1165E-06

>~
&
ox, rﬁ‘.
o
<2
>
]
2
1o
N
o
2l
2
o
=)
1o
i
ol
i)
ot

M Aol 718F A[ZHA o2 Sl s oAty
= F7I2 7153 o] & de3olE ST
dl(polyethylene) Hjof Hol YJAIZ Fof Eo1F3
o7F 4ol ol o] 50 cm i 9|2 Htsio]
A& 58 Hfio Hoba] AR a17]2) 9] YFiE
oY= &3t Bt

1)

24 ASZ 89

A2 Wi "ao] Het 47, SEugos
TRl ZFEH U =3oll= 559 =7]0f A7t
3t -89 4% 97| (4=2]: HDR-AS100V, Sony,
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o] ARGE =T, Aol Fo] glol &7 LED
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SFATH L 3a). LED SAIE F2R 981 E
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AR NTC (Negative Temperature Thermistor) type
P100 (=2: P100DA202M) A t] AE](thermistor)
47fek 27he] R A FAlo] k. LES oAt o
AR el LESAE HulAEE o] Yol A
TS £431al, o] £AFE Steinhart-Hart equation
(S-HA)) ol gYste] =2 HESITHSteinhart and
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and MacQuarrie (2005)2] B'H-E- o|-8-5}o] A5}
A P} 37| T AT A HE AT B AHA
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ARMESa, 525 A2 WIKA CTH7000 =415
°]-83}F3it: WIKA CTH7000-2 29178717+ KOLAS
(Korea Laboratory Accreditation Scheme)j|A] <1
e T2 7S dFNA AeAdE AA 0.0
1C o He=g 72he A ERIstg) dgd2
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S A7) ol ¥ 2=5 A 71
A 2B 9 AFE S5t AT L=
A 7He] #3702 o] S-HA A8 T3l e,
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Table 3. Borehole temperature at the drilling site.

depth (m) temperature (C)
1.00 -26.1
2.00 -29.2
3.00 -30.3
4.00 -31.0
5.00 -31.2
6.00 -31.2
7.00 -31.1
8.00 -31.0
9.00 -30.9
10.00 -30.7
12.00 -30.6
15.00 -30.5

20.00 -30.5
30.00 -30.4
40.00 -30.3
50.00 -30.2
60.00 -30.1
70.00 -30.0

Borehole Temperature (C)
-32 -31 -30 -29 -28 -27 -26
0 1 1 1 1 1 J

20

50

60

704
Fig. 7. The borehole temperature profile.
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Fig. 8. (a) Two best-fit lines for the density intervals of p<0.55 Mg m™ and 0.55<p Mg m™)<0.8 in the In[p/(pi-p)]
vs. depth plot. (b) Modelled depth-age relationship. The shaded area indicates the uncertainty (standard deviation)
propagated from the 15 m depth borehole temperature and the slope of the best-fit line for the density interval of
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Table 4. Mean accumulation rates and annual temperatures for different sites within the Styx glacier, whose locations
are depicted in Figure 1. The accumulation rates were estimated from the chemical analysis of the snow composition

in the previous studies.

Location Accumulatzion1 rate Mean annual temperature Reference
Mgm™y) (©)
73°51.10'S 0.13 -30.5 (15 m depth) This study
163°41.22'E (model result)
73°51.90'S 0.16 NAS Udisti (1996)
163° 41.50'E (chemical analysis)
73°55'S 0.203 -29 (10 m depth) Stenni et al. (2000)
163°45'E (chemical analysis)
73°54.19'S 0.226 N.A. Kwak (2014)
163° 46.89'E (chemical analysis)

*N.A. - not available
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