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Jangil Moon, Yeongcheol Han, Choyi Kim, Jung-Ho Kang and Soon Do Hur, 2017, Electrical Conductivity
Characteristics of a Shallow Ice Core from GV7, East Antarctica. Journal of the Geological Society of
Korea. v. 53, no. 4, p. 521-531

ABSTRACT: Electrical conductivity in ice core is known to be proportional to the acidity of ice. Fallout of
volcanogenic acids, especially sulfuric acid, nitric acid, hydrochloric and hydrofluoric acids, noticeably increases
acidity in ice cores. Peaks detected by the electrical conductivity measurement (ECM) can then indicate volcanic
activity in the past. If an ECM peak can be related to a known volcanic eruption, this can be used to date ice cores.
‘We applied the ECM to a 78 m long ice core drilled at GV7, East Antarctica to detect the conductivity peaks produced
by volcanic activities and to use them as time markers. During the last 203 years covered by the GV7 shallow ice
core, we detected the conductivity peaks resulted from the eruptions of Pinatubo (1991 AD), Tarawera (1886 AD),
Krakatau (1883 AD), Coseguina (1835 AD), Galungung (1822 AD) and Tambora (1815 AD). From deeper sections
of the ice core, conductivity varied seasonally in accord with the oxygen isotope ratio (6]80). The conductivity
gradually increased from the top down to a depth of the critical density. This study stresses that the ECM can be
a useful tool for understanding the depth-age relationship and physical and chemical properties of ice cores.

Key words: electrical conductivity measurement, glacier, volcanic eruption, firn densification model, critical density
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1. ME

Wstatoll B9 71387 wisk 712€ Ay
1 9lo] ‘P B’ 2 EtH(Boutron, 1995).
Wstolol B35 9Ia, IR B4, v
%, vB71R), A 5 choke HREL BAslel 3
7 A7 7132 ste] Z2A (proxy) 2 BE
oh 171 84E A7s] S Wetmeld
AHE ALsHA S45k= o] SagdH, oy =
2/ ARE FUSHe] AR AAES ot
(Thompson et al., 2003). W3lZ oo A=A
910 714 7| A WS BE UL 24
(H/'He} *0/"0)2 2Ash= Aot} ol 74
o] BIPYESlelan]} Ado] dhet WEshs 54
& o]-g3ltk(Dansgarrd, 1964). 18} o] WS
e 0] (RS HAlolo 313, 22 B4 A7
o] Wasithe o] Uk e W oL, Wal
W EAsHs ol v|F 3459 w27 A
2Rl ¥F oy 3Mids 7|55 E-sto] At
Aol &-8&sh= Aotk 2By o] JA] A= E4
o] 28 == AJ7to] Z3(Hammer et al., 2004), &
& W 5=7t ppb (107 g7) E= ppt (10775 87)
o7 Yo AN A 3971 Fasich
(Hong et al., 2000). ¥FH, 411 w27 ®lstzZ o]
Zol-dd #AE FHT e ez H Y
Z 24(firn densification model)©] itk d&] &
-£=]i= Herron-Langway 22 A|5=2]2] Z]o]o|

£ YEHSe; Agd7| S Uy R 2= 3Y
A maloloh, Jait o] WHe oxp} 2 We
Herron and Langway (1980)] 9JstH mdlz2 =
Aot AR L B 3 v S o £20% 9] &
A8 7.

7] A= 7 (Electrical Conductivity Measure-
ment, ECM)-2 Hammer (1980)o] <J3l A=
o}, o] WS vl$ el Welzole siaty 5

A2 5 g Aol Uk B A7 AEEL 4
ol 2= (H ) HlsHe o2 geiA glol,
o2 Bl Zolo] wet Al AN E WSS 5
AT 4 Glek. W SdolREEE F2 O7)F
2] H,S0;, HNOs, HCI, HFS:0] 23 5|0} Z7}31=
d(Hammer, 1983), H17139) ALY 555 3
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7H7 )= dEAQ Ao 2= sHiEo] qlok
(Coffey, 1996). Wtz oo W7 ALE 7|2 W) 5}
AHE o e dukH o g I PR eidth
o|F BA FHMIEF 71E B 8 L, E
gt AR A 715 o] 83k Wetaol A
&g 283k 4= Uck(Taylor ef al., 1992). o] B
2 g2 A7to] AgElE T2 B0 ¢4 Herron-
Langway ¥ & @S Hoste] glol-Adf] A
O] A= E o= vloll f-8-8HA AR = Sl

2 dfode SAATA7E 2013-20149 H=
SHA| 7174l Fh-ol e 2] A -5 WA FZ 2L
HE Bt FE= GV7olA 535 HE Wstao
9] M7 A==E A5 ol& v o= st
Fo] A7) A== o thofst Bis UAET AthE
2 7hs S =3t
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2.1 APX[

= AFollA] o] &3t WtaLoj= 2013-2014d 1A
7174l = BBl Eg|oli=(Northern Victoria
Land) GV7 (70°41'S, 158°51'E, 3}jit21 %= 1950 m)e]|
A E53EE 78 m Qo] o] HE WslTojo|t 1 1a).
E A]FE=TPICS (International Partnerships in Ice
Core Sciences) 2k array’ &] A7FAE =33517] st
o] ZIP=| At “IPICS 2k array’ 9] 3= 24 20001
Boke] 717, 37 wske TepkER Besh) 9iat
oJt}. GV79ll 4= 2001-2002d ITASE (International
Trans-Antarctic Scientific Expedition) Z2 155
B4 H(firn) AR50 EPEE Y 240
AP LTFE 730, Frezzoti et al. (2007) 3
g ATA A 9] A7PH LS 024 Mg m?y” 2 13
A Aae BUshy] Aashthn B s,

2.2 A|2EH|

W}l A|e] ool AgtHolet ATE 0
utel st A 59| oS APgste] AAgh Aal at
A& Aok ek, ol] YikHo2 mE Walaol
£ 2237) BTl TEATE F8lo] ARE W
Fo] Bystth(Hur, 2013). Watzo] FARe x|
T Y AFEA(-14C) ol AAH 422] wF(BS10KA
vertical band saw, Rexon, US)& AME3l4 Lt oF
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82 mme] Y5 Foi2 46 mme) Tl X WL &
o2 Fapstol vk YE o] HPE F0|(53)2 T
walgick. Ul 36 mme] ¥k 95 Tojt= b
28 mmo| Bl MBS $H 02 WAl B o
9L BAE AR(G2)9} ol LA E HAE AR
S-1)E FR3FHaY 1b). A7 A== AL
A A& BHO 714 o] E olgdoly
Wstaiols] F7eel oa) FRE B & )
w520 At A A o]F oA oF Fhrh(Hammer,
1980). 2 AFo|HL vt Y2 :0](S3)2] Hekw
< Trimming blade (F-130P, Feather Safety Razor
Co., Ltd, Japan)& o]&3}e] 7jZto] An} g+ Lo
ZAS Agsigon, gad ARE oA BHS
Aulst Lo LDPE (low density polyethylene)H]
dol| Yof ®astgrt.

2.3 Herron-Langway ™ 2t DHl

FA9] A& o] SAE | P, FES
S 5= oA =84, Seh HE S AA
Al "} 7o) 28] dgo] E7] o]A 9] Zlo] +
& H S(firn layer)o]g} ghtk H S0] WE=0.55
Mg m7o)| HFs= A AU = (critical density)7}HA|
= W=7 5718ka(Benson, 1962; Anderson and
Benson, 1963), 0.8 Mg m” ]| ajgal= 27]4-2 9
#(bubble close-off)Zo|7A= A A 3| 75ttt
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H & zlo] sHrof A= 5719 ol 5ol HEil A&
ol 73]A] "thLangway, 1958). Robin (1958)2
o] Qrgo| Zoleh HFWAES Uehd Holzt o
391, Schytt (1958)= In(p/ pi-p) 2t Z0)(z) 2] A F
HAE SHHA A7 pe AR HE, pi=
£2] I%(0.917 Mg m”)o|t}. Herron and Langway
H 4= 2l glolo] mhE U= WIS dAYE=
(055 Mg m)AFR N2 T2 7]e7(OS 2L T
Mol Zr oz Argd 4= 9laL, p<0.55 Mg m” 73t
ol BB (T, ALE), 055 Mg m*<p<0.8
Mg m” 7kl 7|20t Akl dwHA, Mg
m’y")o] 7127|& ZAAgcta A st (Herron
and Langway, 1980). of&}] s=2]oj| A R& 7| A4
(8.314 ] K" mol™)o|m, e 73t Az Adeke
gsleRe 7Pstel dz/di= A/pe] BALE B
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Fig. 1. (a) The GV7 drilling site (red point) in East Antarctica. (b) The cross section of the ice core with the cutting

strategy.
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2 Aok FE 7] A= £74717](Portable
ECM unit, Icefield Instruments Inc, CANADA)
£ o]&sttt. Wataole] M| AEE -14T o
A 0.23 eVe] &3} xS Zt=thHammer,
1983). 77| Ares =0 FELeuz Y
APA x40 $RASYL o] 275717]
L Wshaole] Erie] AATE 1000 VDCE) 25 4
& el 2702) 35 A Alolo] B2 WFA)
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EAZE A2 S Fo IS Ay HEE 2
e 2 AR 938 ol 235, 5 mm 740
2 2gste] Fatshslct

2.5 M7 ME Rl

Hs}E0)) 7] A o] 2 ERE Urld,
DEP (dielectric profiling) & A& = =24 W
Z % (intracrystalline conduction)?} ECM& A3t
o = YAA H=(grain boundary conduction)
7F tHMoore et al., 1992).

$5:31 20| A= UHEA © 2 Bernal-Fowler
o] o3 vjx| =y, doll4= Bernal-Fowler
TS ¢HsttH(de Koning and Antonelli, 2007).
T2 Y 53 o] A& (ionic defect)¥} Bjerrum
A (Bjerrum defect)©] AYA =™ (Bjerrum, 1952),
o] & o Ao w A W A=E AHT 4 Ut
(Schulson, 1999). Jaccard ©]&9] wt2H, E50|
491 2420] 77| EwL ot A AgHProtonic
point defect)Fe] H3}9| o] =i dPen,
97 A4 oFol2(H")qho] AL ARl A o] 2 A%
(H:0")& TR BR A& FH YollM Ax=s
S7FAZITHWOILf et al., 1997). E3}, DEPoJA=
Cle) me} NH/'e] 557} 22 A58 wols,
ol CI, N9 F/42% WHAFo] O¥Ae} H|S5t
7] 2ol €= AR =2 S0l 5 7] dZolt
(Wolff et al., 1997).

UABA A== PAEAY Al = A4t
o] o W FAstaL ol WEo] shte e
2 dZ=Eo A=E dozitky A3t Wolff and
Paren, 1984). o]= FAPAA AU 2 & YA A <]
Sl HaSOu7F HAZE] g o] 31 Q= A
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O\I
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fol
i
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& BIs}el WojEolo] HE ol2e s BuEt
(Mulvaney et al., 1988). H;SO47} 4157 o] HAA}
of g Fgehs olf Abe] BEA(HS0=T3C,
HNO;=-43C, HCI=-75C)o] d39o| JAH A Y
o] Fat7)2Hot oM ti7] FollM =] 49
M =Fo] el Bhe FAdstel A H7] miol
THWolff et al., 1988). 1L} JAFA A o] 29
A A5 =) AL S AT Foted el
A7t oz &-& 4= Qltt(Moore et al., 1992).
Eak TGOl IR A AR S0 1)
sofol i wlo] B HE7} Aojupx] e B
tH(Wolff et al., 1988).

I

A7) Ao AdAGS vlasty| fiste] g7
Zrol tiste] BB da 24H|(310)2 B4
lgich. Hatzole] §°0% o5 FAM B gt
T ALE A R S B EF A|RY
P4 2= BEEZ(VSMOW, Vienna
Standard Mean Ocean Water) 2] & A5 HHA
Z/gue] Higt A 2Agu|(0) = Uetdth. 2442 &
A= A 22} VSMOWS] ®0/"0zke H,'°09] 3
=0 it H,°09] =] At 2Adulolth. §3He
olFff Ao 2 Aot

180 180
16 ) sam ple — 16 0 VSMOW
18 _
5" 0(%) = =
O
16 ) VSMOW

B Aol ARRE 717 k= Aeb it g A (Isotope
Ratio Infrared Spectroscopy, IRIS) 5 #°o] 4S5+
(Cavity Ring-Down Spectrometry, CRDS)& ©]-8&-5}
= AR, SN 71A1Y] Frd el e
Wo] 4 ARES ol gale] FHIee H1E 2ele B
vl o|th(Berden et al., 2000). 7]7]19] A=A 2
A 9N #2EZLS FA19AE 7] International
Atomic Energy Agency, IAEA)oA ARgsl= VEMOW2
(Vienna Standard Mean Ocean Water), GISP (Greenland
Ice Sheet Precipitation) @} SLAP2 (Standard Light
Antarctic Precipitation) & ARE3I9CE #5583 £
ok B2 A2 217 128 B4 BFaiglon, A
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Fig. 2. (a) The relationship between In[ p/(pi- p)] and depth. The black solid lines stand for linear regression lines
for the density intervals of p< 0.55 Mg m” and 0.55 < p< 0.8 Mg m". (b) The depth-age model based on the
Herron-Langway firn densification model. The age at the bottom of the GV7 shallow ice core was estimated to

be 203.4 years.
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Fig. 3. Electrical conductivity versus depth. Uncertainty (standard deviation) is shown in shaded gray line. More

than 6 volcanic signals were identified.
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o 2 glo] glo}, o]= o] A& A4S Fdl
HE&sHA e vt dok(Karlof et al., 2000).
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Fig. 5. Depth-age relationships built for different accu-
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