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Abstract : We established the first complete ice core processing method and analytical procedures for
fundamental proxies, using a 40.2 m long ice core drilled on the Mt. Tsambagarav glacier in the Mongolian
Altai mountains in July 2008. The whole core was first divided into two sub ice core sections and the
measurements of the visual stratigraphy and electrical conductivity were performed on the surface of these
sub core sections. A continuous sequence of samples was then prepared for chemical analyses (stable
isotope ratios of oxygen ('%0/'°0) and hydrogen (*H/'H), soluble ions and trace elements). A total of 29
insoluble dust layers were identified from the measurement of visual stratigraphy. The electrical
conductivity measurement (ECM) shows 11 peaks with the current more than 0.8 pA. Comparing the
profiles of SO,%~ and CI” concentrations to correlate with known volcanic eruptions, the first two ECM
peaks appear to be linked to the eruptions (January and June 2007) of Kliuchevskoi volcano on the
Kamchatka Peninsula of Russia, which supports the reliability of our ECM data. Finally, the composition of
stable isotopes (5'%0 and 8D) shows a well-defined seasonal variation, suggesting that various chemical
proxies may have been well preserved in the successive ice layers of Tsambagarav ice core. Our ice core
processing method and analytical procedures for fundamental proxies are expected to be used for
paleoclimate and paleoenvironmental studies from polar and alpine ice cores.
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Fig. 1. Map of the location of ice core drilling site, Tsambagarav (a) and view of the Tsambagarav ice cap where an

ice core was recovered (b)
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Fig. 2. Schematic diagram of the ice core cutting. The first cutting sequence is shown with gray plane (R-1) and the
second cutting sequences are shown as black planes (sub ice core: SIC)
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Standard Resistance 2-10 M, R3: Test Standard Resistance 3-10 M, Rx: Digital Potentiometer (0-10 kQ), G:
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Fig. 4. Schematic diagram of KOPRI melting system (a) and top view (upper panel) and cross-section (lower panel) of
the melting head with separator ridges (3 mm high) and drain-off slits (1.5 mm in diameter) on the Ti plate
nests (b). CB, collecting bottle, PP, peristaltic pump (IP65, Ismatec), Freezer (LCT-110F, Lassele), ISH, ice
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Table 2. Description of dust and particle layers observed
in Tsambagarav ice core

Layer Run Depth (m) Description

No. No. Top Bottom

1 1 0.23 0.28  dust particle

2 3 1.75 1.80 light dust layer

3 7 4.36 4.40 light dust layer

4 8 4.62 4.64 large dust layer

5 17 9.77 9.91 light dust layer

6 18 10.30  10.55 large dust layer

7 22 12.58  12.63 light dust layer

8 29 16.21 16.24  dust particle

9 30 16.83  16.85 light dust layer

10 32 17.73 17.74  light dust layer

11 37 20.03  20.04 dust particle

12 39 20.45  20.56 dust particle

13 42 2293 2298 dust particle

14 43 23.38  23.60 dust layer, particle
15 44 24.06  24.20 light dust layer

16 45 2474 2476  dust particle

17 45 25.02  25.06 dust particle

18 49 27.02  27.03  dust particle

19 50 27.52  27.53  dust particle

20 51 28.20  28.21 dust particle

21 51 28.43  28.53 dust layer, particle
22 52 28.86  28.92 dust particle, layer
23 53 29.12  29.13  dust particle

24 55 30.39  30.40 dust layer, particle
25 56 30.51  30.52 dust layer, particle
26 58 31.97  31.98 dust particle

27 63 35.05  35.06 light dust layer

28 68 37.76  37.77 light dust layer

29 68 38.04  38.05 light dust layer

M= o A FH2) STk @] HaEy
2ATHKang et al. 2003; Olivier et al. 2006). w=hq AH
2 Q13 AvE HASL sk Z=AIE o837 Hnt
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ECM Alz1d S7h), Z18]al 987 SwlE 2(Tl, Bi,
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1170¢] ECM A& 93(>0.8 pAyF YElU= A& & &
ATHFig. 6). 53] 0.7 m, 1.2 me] Zo]JolAE 2 puA ol
o] ECM A57} 4=t

B AFoM YehtbE ECM 413 ¥ 39} sikekg o]
AES Lotry] flste] AF 3 m ZHo|7kA] £40] ¢
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SO/279F CIe] % WH3lel ECM A5 93 13} 22 v
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BEE & YR 715 f5S duiEd 4
F= B ECM A5 I3 13 2+ 20073 1293 699
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A= QO o] 2AH FAlo] gud T A st
FF 3 FE JE ECM A5 935S HAste] A=
Aol exE HAgE 4 e vAYAEEA &8 9F
o|th.
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Run 1 Drilling Site Tsambagarav (48°38'N, 90°57'E, elevation 3830 m)
Length 68.0 cm Remarks visible dust layer
VS Image

Run 18 Drilling Site Tsambagrarv (48°38'N, 90°57'E, elevation 3830 m)
Length 63.0 cm Remarks visible heavy dust layers
VS Image

Run 51 Drilling Site Tsambagrarv (48°38'N, 90°57'E, elevation 3830 m)
Length 71.5cm Remarks visual dust particles
VS Image

LEEFEECEEEEEECEEL CEEE

Fig. 5. Visual stratigraphy of the selected Tsambagarav ice core sections. Well-preserved dust layers and dust particles
sparsely scattered in the ice are shown in red squares
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Fig. 6. ECM data determined in the 40.2 m long Tsambagarav ice core. The numerical dashed arrows (1-11) represent
the ECM signals with more than 0.8 pA
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Fig. 7. The upper 3 m profiles of ECM, SO,>~ and CI" in Tsambagarav ice core
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Fig. 8. The upper 5 m profile of 8D (&) and §'®0 () measured in Tsambagarav ice core. The dotted lines are the 9-
point running averages from 8D values and solid lines are the 9-point running averages of 5'®0 values
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Table 3. Comparison of stable water isotope composition from alpine ice cores in Central Asia (-, no data available)

Site Altai Pamirs Tien Shan Mongolia Altai
Glacier Belukha  Muztagata  Inilchek  Urumgqi Glacier =~ Gregoriev Tsast Tsambagarav
No.l ice cap Ula
Elevation (m a.s.l.) 4115 7010 5100 3960+4140 4660 4200 3830
latitude, 49°28'N,  75°06'N, 43°N, 43°07'N, 42°N, 48°41'N, 48°38'N,
longitude 86°35'E 38°17'E 79°E 86°48'E 78°E 90°43'E 90°57'E
Period (year) 1985-2000 1955-2002  1994-2000 1988-1989 1940-1990 1970-1991
8'%0 (mean %o) -13.6 -16.55 -16.04 -16.4 -10.0 -15.8 -14.2
8D (mean %o) -98.14 - -105.3 - - -115.1 -97.7
Reference Aizenetal. Tianetal. Kreutzetal. @~ Wakeetal. Thompson etal. Schotterer etal. This study
(2005) (2006) (2001) (1993) (1993) (1997)

7159 & Al 28 352 Aol s
A WA Btk AS oJngith Fig. 85 BH, oF
75 cm, 160 cm, 285 cm, 370 cm, 435 cm L2 495 cm
Zolo| A 8809} D] o] A A 9, whHd
81809} 8D9] Zagk 77+ AlololA 8809} dD2] 3ke] )
AEgo] 2 Yehtar k. FYobrof A1) A9 e
§'%09} 8De] Wah= Al - FHH o2 9 Bie FHE
YERNA R, i o 580l 2 kS Holal ALl 4
oz ke 7ro] YePdti(Schotterer et al. 2004).
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4.8 o
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