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Glacial-interglacial changes in climate and environment studied by
multi-parameter analyses of ice-core dust
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We have developed cutting-edge techniques to perform multi-parameter
analyses of mineral dust deposited onto the Antarctic ice sheet. Using these methods, we have
analyzed mineral dust in Dome Fuji deep ice core. High resolution and accurate analyses using our
CFA (Continuous Flow Analysis) system show that dust flux and CO2 concentration were highly
correlated throughout the last deglacial period. Detailed analyses of the ion data suggest that
continental gypsum might be an important source of non-sea-salt sulfate during cold glacial periods.

We have found that dust originates from different sources during Holocene and that different
elements show different ratios of particulate and soluble fractions of dust.



CFA

1 CFA

CO,

CO; Martin
CO,

CO,

ICP

CFA

SEM SEM

ICP

CO;,
CO,
70 80

CO,

CO,

1990
CO;
CO,

Continuous Flow Analysis
CFA

X EDS

CFA
ICP



1.5um 1
Mom
1
CFA
2
€O,
CO,
3 CFA ICP
Fe Al Ca Na Mg K
ICP
CFA
CFA
Al Fe CFA
Na Mg
Ca K
€O,
4

Iy m

a0x10° T T T T

T T T 80 x10”
jary
E
= l
5 e Uea g
} —CFA I =
= —— Fraction Collector ’ g
5 - wc
] | ﬁ ]
4 || B
H | E
20| | !' ~m:
. N\n 8
o J L b s L Rt ofid i
o bl e a7 . .
200 ’ 250 : 300 ==
1 CFA
(Fraction collector)
1 12um 50
10
——AI27[CFA]
-=-Al27[Untreated]
——Al27[Decomposition]
- Al27[Particle]
i ——Al27[Filtrate]
i)
$
5
€
8
§ 8-
S ——Cad0[CFA]
6 -=-Ca40[Untreated]
4 —+—Ca40[Decomposition]
Cado0[Particle]
2 ——Cad0([Filtrate]
0 T T T
365 366 367 368 369 370 371 372
Depth [m]
2 CFA ICP (ICPMS)
[CFA]
[Untreated]
FC ICPMS
[Decomposition] FC ICPMS
[Particle] FC 0.2um
ICPMS [Filtrate]
FC 0.2um
ICPMS
15 4
a A
12 R A AAA
A
g s 4
Sel L Ahaat T, 4
N bN AA & AL A A A
2 A A A
47 A %ﬁé g A
“ A A * A A
0
40 50 60 70 80
Sio2
15 4
b
12 * o
.
o
Q9
SEM ¥ AT 3 “: .
o 6 o S 0g0 O, .
g e P ¢
=, e“o ¢ A
., L 4 PN %o .
EDS 0 4
- 40 50 60 70 80
SI Sio2
Na K 3 a



nssS0,% DMS

NssS04% DMS NssS04%
1/3 1/4
DMS -
DMS

17

Goto-Azuma, K., Hirabayashi, M., Motoyama, H., Miyake, T., Kuramoto, T., Uemura,
R., lgarashi, M., lizuka, Y., Sakurai, T., Horikawa, S., Suzuki, K., Suzuki, T.,
Fujita, K., Kondo, Y., Hattori, S., Fujii, Y.: Reduced marine phytoplankton sulphur
emissions in the Southern Ocean during the past seven glacials. Nature Communications
(accepted), 2019.

Buizert, C., Sigl, M., Severi, M., Markle, B. R., Wettstein, J. J., McConnell, J.
R., Pedro, J., Sodemann, H., Goto-Azuma, K., Kawamura, K., Fujita, S., Motoyama,
H., Hirabayashi, M., Uemura, R., Stenni, B., Parrenin, F., Feng, H., Fudge, T. J.,
Steig, E. J.: Abrupt ice age shifts in Southern westerlies and Antarctic climate
forced from the north. Nature, 563, 681-685, DOI: 10.1038/s41586-018-0727-5, 2018.

Uemura, R., Motoyama, H., Masson-Delmotte, V., Jouzel, J., Kawamura, K., Goto-Azuma,
K., Fujita, S., Kuramoto, T., Hirabayashi, M., Miyake, T., Ohno, H., Fujita, K.,
Abe-Ouchi, A., lizuka, Y., Horikawa, S., lgarashi, M., Suzuki, K., Suzuki, T., Fujii,
Y.: Asynchrony between Antarctic temperature and C02 associated with obliquity over
the past 720,000 vyears. Nature Communications, 9 (1), art. no. 961,
doi:10.1038/s41467-018-03328-3, 2018.

Dome Fuji Ice Core Project: Kawamura, K., Abe-Ouchi, A., Motoyama, H., Ageta, Y.,
Aoki, S., Azuma, N., Fujii, Y., Fujita, K., Fujita, S., Fukui, K., Furukawa, T.,
Furusaki, A., Goto-Azuma, K., Greve, R., Hirabayashi, M., 49 : State dependence
of climatic instability over the past 720,000 years from Antarctic ice cores and
climate modeling, Science Advances, 3 (2), art. no. el600446, 2017.

, 265, 338-339, 2017.

Uemura, R. Masaka, K., Fukui, K., lizuka, Y., Hirabayashi, M., Motoyama, H.: Sulfur
isotopic composition of surface snow along a latitudinal transect in East Antarctica.
Geophys. Res. Lett. 43, 5878-5885, DOl: 10.1002/2016GL069482, 2016.

Dallmayr, R., Goto-Azuma, K., Astrid Kjer, H., Azuma, N., Takata, M., Schiipbach,
S., Hirabayashi, M.: A High-Resolution Continuous Flow Analysis System for Polar
Ice Cores. Bulletin of Glaciological Research, 11-20, doi: 10.5331/bgr.16R03, 2016.

Sakurai, T., Ohno, H., Motoyama, H., Uchida, T.: Micro-droplets containing sulfate
in the Dome Fuji deep ice core, Antarctica: findings using micro-Raman spectroscopy.



Journal of Raman Spectroscopy, 48, 448-452 DOl 10.1002/jrs.5040, 2016.

64
, ICP
(2018 ), 2018
, s, , ICP
67 2018
. , Remi Dallmayr, s , , .
, 66 , 2017 .

Goto-Azuma, K., Hirabayashi, M., Ogata, J., Kitamura, K., Kawamura, k.,
Ogawa-Tsukagawa, Y., Dallmayr, R., Nakazawa, F., Fukuda, K., Arai, M., Fujita, S.,
Motoyama, H., High resolution analyses of the Dome Fuji deep ice-core using a
Continuous Flow Analysis (CFA) System. Japan Geoscience Union Meeting, 2017

Goto-Azuma, K., Nakazawa, F., Hirabayashi, M., Ogata, J., Ogawa-Tsukagawa, Y.,
Fukuda, K., Calibration of micro-particle analysers for ice core studies. EGU General
Assembly 2017, 2017

Goto-Azuma, K., Hirabayashi, M., Motoyama, H., Variability of size distribution and
shape of dust particles in polar snow and ice, XIX INQUA 2015, 2015

http://polaris.nipr.ac. jp/~icc/NC/htdocs/

@

Hirabayashi, Motohiro

8 20399356

Hideaki, Motoyama

8 20210099

Nagatsuka, Naoko

8 30733208
« z )

Sakurai, Toshimitsu

8 00581810



