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ABSTRACT: Because blue ice forms where ice flows up to the surface and ablates by sublimation, we may get
old ice on the surface. We can also obtain large amount of ice samples for same ages on the surface because the
same age ice horizontally extends on the surface and vertical age change is small. This paper reports the exploration
on the blue ice at Victoria Land, East Antarctica in austral summers of 2014-2017, and preliminary results of
geochemical analysis for the ice. The surface blue ice samples collected from the Elephant Moraine in 2014-2015
show scattered CO, and CH4 concentrations within neighboring ice, and very low total air content of 0.03-0.04
ml/g ice, indicating alteration along the crack surfaces. The mean deuterium excess was low at -3.4%o, very likely
due to isotopic alteration. On the other hand, the 10 m core collected from the Tarn Flat in 2015-2016 shows relatively
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constant greenhouse gas concentration levels of pre-industrial interglacials and the water isotope ratios were
observed to gradually increase upward. To obtain unaltered samples at the Elephant Moraine, 15 blue ice cores
including 10 m cores were drilled in 2016-2017. Furthermore, ground penetration radar (GPR) survey for
stratigraphic analysis and measurement of 3-dimensional extensity of a tephra layer were conducted in the field.
GPR results show the bed rock laid down to 450-800 m from the surface and we found tephra layer tilted with
an angle of 20-59° in the surface. For the future study, we urgently need noble gas isotope analysis for accurate
ages as well as shallow or intermediate-depth drilling to obtain unaltered samples with continuous ages.
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1. M

el IA At 715, di71 24, di71eg A
Aska] AP Foll gt thafdt AHE HESHL Ql
THe.g., Raynaud et al., 1993; Schwander et al.,
1993; Jouzel, 2013). B}= FH||A] Fo] &elo|
e} 5HR0 F it 20| YWt FrsHA A
7] 2ol ZodSE vol7t S7tih kA, &
P 715 47] HelA= o 22 ZHol7HAg A
F7F dasta, 2452 o 22 29 ATy
o W2 v]-go| Zasict.

o] HollA EFoto]X(blue ice)E o]-&3t A+
= AFA Wstaio] A9 tiete] H 4= Gtk &
Folo| A= W5l SFo] Aholu} 7|Hete] E&
H FES i, F4% AR RS FelHA d
50| A&AH o &2 AHkablation) WA F/JHTh E
3t EFofo|A oA = At vt A4 &
olF, A% N FHITL FHEE|o] oA Q]H o7 o
o] Ak &4o] Yojital(Bintanja, 1999), A= 2
A Wty A EjubA Hrh(Spaulding et
al., 2012).

EFolo|AE o] &3 A= ¥ 7HA] A™E Tt
AL itk AR =, 7|E AR WsE Fof Al5(deep ice
coring) & FoiAT €2 4 ANE 2 dF=
7H G2 RN A g2 Lol AHE 5
= Aotk (Moore et al., 2006). E3, 2L AT
oA 71 Qi AR A B7F YR 2L
AFARRE F5 93 ok (Higgins et al., 2015). A
AR AFAI | o B 71 @ HWsaLo]
+ Dome C A|Foj|A AF gt A= 807k de

S Zk=t}(ouzel et al., 2007; Spaulding et al.,
2012). BFH, 21005 | o)A 713 @ 2= Wa}
7} AZHE 2 Ql(Elephant Moraine) #]¢1 &
% @2 (Allan Hills) 98] ESoto] 2ol 4 7l
% ich(Higgins et al., 2015). ER2, -2 A59
21 go] A 24 M0 2 jduol, EeAL 43
ool et Aol Skl At ek, o
ehil, BT A WS Ao B P
4= Q131(Petrenko, 2013), T} A|2E HQ 2 1=
Sujek e 9 Bl 7R QT B3 Sl

olefat Aol BFalT, Bojolne] 24
mglo] 447 7] i), HeR AB=Ho] Wk
Mo a5t BRojols AREHo e 4
Sl A& £49) dgolc). Bofo] A x| lo A
S2j0] Wol WAREY), 1 ol fE £HL ol
#l Wste] 55| g} o] Salti} Ateto] dojuis
Bojols 9 o] B ERA ol7] Y&l
TH(Scherer ef al., 1997). 40| Z|Ftof] Bo]HS wf
HEo A™Ql A7 AT (terrestrial age)= EFof
o] A9 AFof gt AEE ATt = 249
A& AL HF 509k dRoh SRk 2009 |o]
e Az SAFYH(Welten et al., 1997; Scherer et
al., 1997; Sinisalo and Moore, 2010). wh2}A], 2009
| o) e E Wit EFoto]|2X oA HE
7Fs/do] St

H5te] o522 M tephra layer) = #|
ol =25y, S92 9 A (Goldsten et
al., 2004), €& W3} (Baggenstos et al., 2017) &
oA A= o] A vt ek M WS 22
A= AAI8H7] wZoll, SIS = BAE



751, S4B ol e, Wl EHEdE &
ol|& g ARE-E 4= QJtK(Curzio et al., 2008). E3t,
P HEe AT RN A 7] dx| 9}
(Wilch et al., 1999) SIS & sl= EFofto]A
o A%e ZAY 4 gk T, e AREA
& 9istel YA o] Wk Wsle) 4w
7141/ Ar, Kr S99aE o83 A8 S0l
L A= Qck(Bender et al., 2008; Buizert et al.,
2014; Higgins et al., 2015). "Kr& ©-Z4(cosmic
ray)oll 23] A== HEE A FaL, 7L
oA (t/2 =229 x 107 y) 29 Wato] AHZA
of golgtd], 2o 1505 ¥ o] & A5l 75
S}th(Buizert et al., 2014). 23, thFe] A&7 &2
23} 24 937} ATk W] ik vh, Ar 5
el ol g3 A2, MK et HY HE el Al
&7} Basto] HAAAQ Ao 8717 =k
ohet, A A7} oF 10% Zheol H7] uf el
(Bender et al., 2008), 2215 &0]7] Y= F714
¢l PSR o] o-gE|ofof gt Jouzel et al. (2007)
o] Atoll A A 805t O] 7]E-2 E= Dome C
WsEol2 vlind A A7} Hgl] v, Bt
AEADA(3"°0(%0)=((""0/ " O)sampie/ (*0/'°0)
vsmow-1)x1000, 8D (%o)=(("H/ "H)sample/ CH/'H)
smow-1)x1000)) &} 2A71H|(CO,, CHy, N2O) 5=
AR S Hulste] ARA B ABE BEY 4
tH(Martinerie et al., 1992; Faure et al., 1993).

ERolola e FAlet v, AL B,
FH| =2d o=k #E= s, EFotelA A
TFolA= A Weti ks thE Aol
g g3}t o] AoAL 2014-20159 AZHE =
&2l (Elephant Moraine), 2015-2016 €2 &
(Tarn Flat), 2016-2017d AHE =FQ] X Ho
A 23 5 717 Bt S BRolol 2 el
85 H3 YUtk o] F 4 F 7IZbe] AF T EFo}
ojzof Hi3f A& & 719 AVNA| s=ok ¢t
YL E4S AP 2016-20179 &= 5t
A 717k Setells B oFdel Amgne A% 9
ZRAE| ARS 3 712 BRRALE ST
<, & =&olMes =27 (hand auger)E °]&
e oA Y, AF=E] AL SIS B S
B, AT EY Y dFETE Hagit

= £F0i0|£ of] A7 569

2.1 APX[

d2]HE =2 (Elephant Moraine)-2 B]E2]o}
W= (Victoria Land) 2] A& Jx|3tar, ArE 113}t
St7| Aol A} oF 280 km HojA Ut 1d 1). WEA
(moraine) WJ3}e] E&of wet B ez 2
0]= 9F 56 km, 2 | 1.7 km=z Ex3] 9}t
(Faure and Mensing, 2010). ®3}e] 22 do] 2]3|
FHO| =S H WEA S| ulx] 2729 ZE H3
thal sS4 AYHE 2Qlolzhe Ao o Frh
(ZF 3b). o] WAte] 7|A=RY 7|dsiA =8
HH W= d3o] TE e BIHA EZ8 U
th o2 o] =FA AN APHE HQlo]
B AWE 9] 76°12-76°24, 57 155°80/-157°30/
Kool S Sololx Mol Bkl B
Zlo|t}. g1 B2 E=l(Tarn Flat)2 2PAlHSKLarsen
glacier) ol 91x|8f glom, AH 1 Hst7| o
A F 85 ki ol QItH13 1), ¥hREE Jat &
“Jut (katabatic wind) &] G2 27| wizoll 7+
o B4 ¥ BEE] YET of uhe] Boolx
A7 = ok

AHE B¢l A FoA F5HO0=2 70 km E
o]Z A YA w9l ofo]AT E(Allan Hills Main
Icefield) EFofo]X X HoflA| o] Fojx U9 o]
A AT Aol oja) ERlOR 1BE 2450
A% Aol 2RO, o] F Ui Ao A%
21%0] 220%h o] o] 2 10| Bl F|9Irh(Scherer
et al., 1997). ol= ¥H A H|Ql ofo]AZE EF
ofo]2 2| of o} 2| ele] 1B E &0} ARo] 7]
A% A28 Fo) B0 Hof A=(~ 805 o] ]3]
o odg 4 g€ 7HsAE AAIsHE AR A
B2, T AFollA o] A Ho|A AJFE HF st
Fo(shallow ice core)2] 7]A| HA=o] 1005+ Hojl
o|2& Aol e tk(Higgins ef al., 2015). A2|H
£ meols 2 A7 24 e] o3 thake] 24
o] AFH o2 wAY Aoz, 49 xejzel ©
E7h oS ek o]t B W Ko o] AL B
wo) whe Apto] ofa) £4jo] XM o2 53] 5
& 7Hs AT} B Bo) 2ok Aol EAIT THsA
< AAg
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Fig. 1. The location of Elephant Moraine and Tarn Flat blue ice area in Victoria Land, Antarctica.
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AN FE8p7] Al 7 7] FEHE AR )
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2 %9l ¥ oh QeiA ZHE 3718 a0
FAZIAFEESE o83t EAATH(Yang et al,,
accepted). & F7I¥FE FAFES AYsHAA &
glazo) en, W Al ATkl o] 717 o,
w2 AR e] Wt Hulg B oI
g A o] &sto] AL itk (Martinerie et al.,
1992; Yang, in preparation). HFH, 0]XF5}EHA(COy)
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3} tHAhn et al., 2009).
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Fig. 2. Meteorological data (top: wind speed, middle: wind direction, bottom: air temperature) from AWS (Automatic
Weather System) at Elephant Moraine during January 4, 2016 to December 12, 2016.
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Fig. 3. Aerial photographs of study areas (Google Earth). (a) EM-1~EM-9 sites where surface ice was collected
in 2014-15 and EM-A~EM-K were cored in 2016-17 during austral summers. Dark and light areas represent the
blue ice field and the snow-covered area respectively. The arrow indicates the GPR survey line and the arrow is
the direction. (b) Elephant Moraine area where rock clasts from the base of the ice sheet are exposed (Faure and
Mensing, 2010). (c) Tarn Flat area showing a tephra layer.
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Fig. 4. (a) Cross-plot of CO, and CH4 from Elephant Moraine (EM, open circles) and Tarn Flat data (TF, closed
circles). TF data are gathered together, but EM data are spread out. (b) Cross-plot of air content and CHs. The air

contents of EM samples are lower than those of TF.
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Fig. 5. (a) Water isotope composition (6'*0, 6D and deuterium excess) of the Tarn Flat blue ice samples, varying
with depth. The line indicates the 15- pomt running average. (b) 5D versus &' %0 for the Tarn Flat and the Elephant
Moraine blue ice samples. Linear regression lines and their equations are shown. The Antarctic meteoric water line

is from Masson-Delmotte et al. (2008).



Qb
F
b
ro
3
fol

Table 1. The information of sampled blue ice cores. EM and TM stand for Elephant Moraine and Tarn Flat, respectively.

. Sampling date s .

Core Location (YYYY/MM/DD) Drilling depth (cm) Drilling run #
EM-1

S 76°17'01.3”
EM-2 E 156°30'24.9”
EM-3
EM-4 2014/12/03
EM-5 S 76°17'16.3” .
EM-6 E 156°29'20.9” surface sampling -
EM-7

S 76°16'43.25"
EM-8 E 156°32/06.12"

S 76°15'52.58”
EM-9 15623801 92" 2014/12/12

S 74°55'48.50”

TF E161934'10.00” 2016/01/03 1192.5 18
EM-A-1 22 1
EM-A-2 30.5 1

S 76°15'09.03”
EM-A-3 E156°33'15.05” 2016/11/25 42 1
EM-A-4 135 3
EM-A-5 455.5 9
2016/11/26,
EM-B J016/11/28 1015.5 32
EM-C 670.5 18
2016/12/13
EM-D 1014 23
EM-E S 76°15'09.07" 102 !
EM-F E 156°33'42.04" 100 1
EM-G 114 3
EM-H 2016/12/14 85 !
EM-I 85 1
EM-] 72 1
EMLK S 76°19'43.09 545 s

E 157°12'45.02"

em o[Uj8] %715 ZH W] BTG o, A
Ho ARFER SR ARAE F7)40] £
StakA) ekorth AP 12 m Zololq A
o2 F74 UEIEA HA 3 F7H5Hs Aol
T, ol 6 m ARRe)A Egtslch oA 2
e A37L AR Hlsle] Hr} ETt L WE
ol Uzl 7o) BAT Ao olFolgAY, A
27hARRTE AL B0 AR ol RolHS T
& AT EM] 39 Atja oz utk mes}
e EAGe] GNFT Ylof W F9juan

912 7hxch 609} D2 WMol Zhz} 4510~-42.4
1%02} -362.3~341.9%0 FATHn=9). D2} 50 A}o] <]
BAAL 1 71&7)7} 7552 Antarctic Meteoric
Water Line®] 7]&7]21 7.75(Masson-Delmotte et
al,, 20089 $:A18 A0 K2R 5), SH A o= Fo
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