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Analysis of decadal to millennial scale variation of Cosmic Ray

intensity recorded in ice core and its implication for the earth environment
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The records of cosmogenic nuclides in Dome Fuji ice core, covering 720 kyr, were
analyzed by means of Accelerator Mass Spectrometry. By analyzing several prominent
geomagnetic events, Laschamp, Blake, Iceland Basin, in detail, the records of
cosmogenic nuclides, especially Beryllium-10, were found to be excellent indicator of

the variation of cosmic ray intensity.

AU
(A« 1)
R R Rt & &t
2010 R 15, 800, 000 4,740, 000 20, 540, 000
2011 4 11, 400, 000 3,420, 000 14, 820, 000
2012 B 9, 700, 000 2,910, 000 12,610, 000
R
I
woE 36, 900, 000 11,070, 000 47,970, 000

WFSE 578y - HERBR LR 7

Bt D4R - M« BRELSE - BRETENREARAT
F—U— R FTHBRA NS b - REAE) -

A - ~U U410 - HESE 36

1. WFIEBHAE S0 DY 5

KGR B EKT D @ RV X — D
BT H DR FHBIT, KBRS O
IENCFF - T, WMENEET S, —FH. KB
ITHIER~DEEDO = XL XF—HTHY, =D
THEN, EREMBEICHIERO K - RIS
HHZHZ LD, ZOZENDL, BED
TH AR IR A O FERIE, HIER/NEREE &

S s TA AT - INHEGE BT - TR

HEEHE L U CHER SN THRE, FlBmEL
FoOflsk s LTIX, ka2 7 — B A Tzt
SINT=FHBREREENS D, Hlz X, Fi
P ORFE-14 1, FHERE KRR EOMRAEER
TERT I CTHY . FEEIEHE - 245
B 1 O fRFE-14 OYRFE (FEERITIE 14C/12C tr)
ZAiE, BEOTFHEBELEHZ RTHOL
LT, IR RSN TR, RF-14 13206

N

&

H 1



2N 5730 £ THY . ZOMEEFIH L2
EESBORRE A7 — 1 iZEnEnEHEICE
EEDL, LOVEWE A LR — VBT HFE
HARRELE 2520121, KRFE-14 12
BOLEENLETHD, T2 T, AWFFET
T AAaT7HORY U A-10 BLOHEHE
-36 IZF&FH L7z, Fak 19~21 FE |2 EE S
NT-HEEE O O TR e B miBh 4 - 3
RERFTE (A) (—f%) : 7T A 227 R OFE
AR X DT & HERER R D &8 B sl
BT AT T, LR OERRREE G,
(A) #@E=THEMOKRBIEEIZE L OE T
2R,

(B) &KL BB T, +~THERA7F
— LV D FH R A B & R

(C) KEHIEEhD 200 4 JEHINFE Y 3 2 £ H)
% 13 TR O B MK NS T b ER,

(D) 30~72 JFAERTIZHI 10 [ DOFHIFRA
v NEFAE,

(E) 36Cl1 <> 26Al OFUHHFEIZESS T A A
a7 OFRHEE ISR TN,

2. WMo HEB

NSO EEZT, AT TIE,

(1) BEFERFEHRA X2 NOFEM (FREHE
DIRREZILTER) AT

(2) KGTEEHZE)JE H e 5 4

(3) ARy MRZHEE W O EfE TR 7o F
R TE

EITH Z L2 K- T, FHARRELECKE
TG B8 & HIBRER BE A B & o BIAR 58 & fig ]
THZEEBE LT,

3. WD Hik

R—AL5UT A A TICTHEE LD,
H U< TR L BE R THELEH TS (f
Ry MOEMEE) ZxfSic, IEHERE R
MR D C U H AR A R R 10Be, 26A1,
36C1 DT & BER X 0 B EE A ARRE T1T 9,
F72 Qo/NoiE72 EEERE LT, Sohi-7—
HZIERE TR 72 (Bt 7 Fai CRzE 2 T4F
BED) FREZFAT L, SHIInbi
FANT, FHRA X2 b ORISRk
R EEW LT 5D, BT, F7T A A
a7 OO GBS b % oA
W, IHIKIIMOERET — A T LOER
B 72 LB T, T HT RO 28 B0 KRG B 48
@) & HERER A E) & ORIGREIC OV T, BE
IR %,

4. WFIEE R

AWFECrE, BOKH (18500 4F /i~ 10000
R OFEMT A AT HO "Be pEE 21
K% 20 B LD EREEE 2R RE [ S i RE TRl
7o (R, TofER, 7V =7 K7
A4 A2AaT THELNLTWD EERSERED Be
EEOFERE . YIO M ET 52 &

DAFEE Y, ZOEIN LI —FTHZ &
FoRLT, ZOZEiE, “Be OEEAEER
REBEESOL 7L e LTHARKRS Z
L EIRT,

Wiz, ZhE ARk T — I A4 i Ly
RSN TWiahotz, K 12 FERIO [7
L— AR N & BT A A2 T I "Be
DEEE LTHIOTHRHL, ZOA X2 bR
B R HBERA N THDH I EERL
7.

SIHIZ 4 L FHEAIDOT X A X2 b,
18.9 HLERIOT A AT RRA XA Ry
MZEBWTH, PR "Be DE°— 727 2R L
7o HHET, ZNHDOA XY FEETEE
30 AR D "Be JRIE (77 v 7 R) EBOFE
WFEATIC L 0 . "Be ASHUIERIGS DL B sk
T D FHI AR A B A M CTEEAIC R Bk L
TWABZ ENGhrol,

PLEDOFERNS, M7 A 227 Hd “Be
DEENL, 7o —rLip A X hOFeEk & 72
STWDH I ENFEA SN, T7hobb, 74
Z2aT7HOBe DREEEFEFIHATHZ EI2LY,
PERFEMRIFEE L LA bR Tzl
MR oEk & AR, LV EHEMEO EE
RABHE 2 e ST 2 3E R T 72,

F DA, *°C1 DHHTIT DN T I, FHef&IBIK Y
IZBWT, 157 FHREANCEER 7TV E
RH L7, £7-. 83 3000 ER-ICR T 5 “Be
L AL OFEMZR 3TN D "Be, MCL AL D
MoOZEEMEMNITIE T L 2EF—
HELTHIDTRLTE,

5. ERIERMICE
(BFFEREHE . AFTEo 13 R QSRR 1
TR

UdEsEsm ) (BR31h)

1) K. Horiuchi, I.Oniyanagi, H.Wasada,
H.Matsuzaki, 2013, “Be measurements
at MALT using reduced—size samples of
bulk sediments. Nuclear Instruments
and Methods in Physics Research B, 294,
72-76. j.nimb. 2012. 06. 022.

2) G.I.Matsumoto, R.Kanou, C.Sato,

K. Horiuchi, T.Kawai, 2012,
Paleoenvironmental changes in the
northwest Mongolia during the last 27
kyr inferred from organic components
in Lake Hovsgol sediment core record.
Limnology, 13, 55-63. DOI
10.1007/s10201-011-0355-3.

3) C.Buizert, P.Martinerie,

V. V. Petrenko, J.P.Severinghaus,

C.M. Trudinger, E.Witrant, J.L.Rosen,
A. J.Orsi, M.Rubino, D.M.Etheridge,
L.P.Steele, C.Hogan, J.C.Laube,

W.T. Sturges, V.A.Levchenko,



A.M. Smith, I.Levin, T.]J.Conway,

E. J. Dlugokencky, P.M. Lang

K. Kawamura, T.M. Jenk, J.W.C.White,
T. Sowers, J.Schwander, T.Blunier,
Gas transport in firn:
multiple—tracer characterisation and
model intercomparison for NEEM,
Northern Greenland, Atmos Chem Phys,
12, 4259-4277, DOI

10. 5194/Acp-12-4259-2012, 2012

(Fa%&) GF181F)

1) H.Matsuzaki, Summary of current AMS
system and research projects at MALT, The
University of Tokyo, The 12" International
Conference on Accelerator Mass
Spectrometry, 2011.3.20-25, Wellington,
New Zealand.

2) K.Sasa, *Cl profiles in the Dome Fuji
ice core during the last deglaciation,
2011. 3.20-25, Wellington, New Zealand
3) WHN—F, F—25U7A RAaT7§H =M
AMS FFFZERHIE, 55 12 [ AMS 2 AR T A,
2010. 5. 24, BERGRARAET

4) JJE=FE{E, “Be analysis at the 8.2 ka
event from dome Fuji ice core, %5 13 [A] AMS
TURTY T A, 20110 1. 29, (LB LIETH
5) H.Matsuzaki, Status report of MALT
Accelerator Facility, The University of
Tokyo, The 4" East Asia Accelerator Mass
Spectrometry Symposium, 2011.12.16-17
Tokyo, Japan

6) K.Sasa, New AMS project at the
University of Tsukuba, The 4" East Asia
Accelerator Mass Spectrometry Symposium,
2011.12.16-17, Tokyo, Japan

7) T.Aze, Cosmogenic Be—-10 analysis
during the Laschamp geomagnetic excursion
in the Dome Fuji ice core, Antarctica, The
4" East Asia Accelerator Mass Spectrometry
Symposium, 2011.12.16-17, Tokyo, Japan
8) Y.Yokoyama, Blake geomagnetic
excursion recorded as 'Be and %Al flux
anomaly in the Dome Fuji ice core, The 4%
East Asia Accelerator Mass Spectrometry
Symposium, 2011.12.16-17, Tokyo, Japan
9) K.Horiuchi, A 300-kyr !°Be record from
Dome Fuji (Antarctica) and cosmic-ray
stratigraphy, The 4" East Asia Accelerator
Mass Spectrometry Symposium,
2011.12.16-17, Tokyo, Japan

10) REZ, 2R AS Ot EE (H
Frefli) |,  [HURKRFES X o7 DNEER
RO - Z 7 LSS FEHEE &4
BOMRREE - | 7 VISR R4,
2012.3.29, S K%

1 1) K.Horiuchi, Long— termvariations of

cosmogenic radionuclides recorded in ice
cores, sediments and tree rings, H24 MALT
progress symposium (Invited),
2012.9.20-21, Tokyo, Japan

1 2) H.Matsuzaki, Current status of MALT
and future plan for technical developments,
H24 MALT progress symposium, 2012.9. 20-21,
Tokyo, Japan

1 3) K.Sasa, The 6 MV tandemaccelerator
project for nuclear physics and ion
beamapplications at the University of
Tsukuba, The 8" China—Japan Joint Nuclear
Physics Symposium (Invited),
2012.10.15-19, Beijing, China

1 4) K. Horiuchi, BerylliumlO analysis for
the Dome Fuji ice cores and cosmic— ray
stratigraphy, The 19" International Mass
Spectrometry Conference, 2012.9.15-9. 20,
Kyoto

1 5) K.Kawamura, Timing of interglacials
with respect to precession and obliquity,
4th PIGS Workshop (invited), 2012.7.2-5,
Cambridge, UK

1 6) K. Kawamura, Climatic and atmospheric
histories over the past 700,000 years
fromthe Dome Fuji deep ice core
Antarctica, G- COE 2012 Symposium
(invited), 20129.25-28, Sendai, Miyagi,
Japan

1 7) K. Kawamura, Accurate age scale of the
Dome Fuji ice core, Antarctica from02/N2
ratio of trapped air, EGU 2012 General
Assembly, 2012.4.22-27, Vienna, Austria
1 8) K.Kawamura, Accurately dated

700, 000— year climatic record fromthe Dome
Fuji ice core, Antarctica, International
Partnerships in Ice Core Sciences First
Open Science Conference, 2012.10.1-5
Presque le de Giens, Cote d Azur, France

(XFE) (Gt o)

(P 3 U P A )
OHRRPL (B0 )

AR
I
MR
T -

IS
HFESH B
ESla PNV I

OBAFIRIL (B0 1)

SHFE
I



HERIZE -
TEZA -

FiSRE
BS4EAH
ENS DRI

(ZF Dfh)
TR B

6. HFFCHHLRR

(D) W ks

KA 152 (MATSUZAKIT HIROYUKT)
HRKS « KPP TR 78R - weddz
WoeE %5 - 60313194

(2) Wrge sz

48 /NFn (SASA KIMIKAZU)

B R T« KRBT E R e R - #E
iz

WeEF 5 20312796

YA —FH (HORIUCHI KAZUHO)
SLETR: « REFZPREL T2 R - Bh#
WoeE 5 - 00344614

BEIL %688 (YOKOYAMA YUSUKE)
HRURY: « KRMEFENTIERT - HEEd=
WeE %5 10359648

SEM H¥{T (SHIBATA YASUYUKI)
ENZERBEAFIEAT - (L FERBEREIK - fEIk R
e 5« 80154251

FEs BEfT (MURAMATSU YASUYUKI)
R RE - B - HdR

WoeE 5« 70166304

A FHH (MOTOYAMA HIDEAKI)
[ESTARHUAFZEET - WFPRE R - #d%
WF7eE 5 : 20210099

JIAE EX T (KAWAMURA KENJT)
[ESTARHAFZE P - BFFR30RE % - HEEdR
e %5 90431078

(3) HHEAF I

W)l 5L (SEGAWA TAKAHIRO)

TG« > AT LWFZERERE - Bkl S AF 2
v A— - @E T NI R
e 5 90425835

HIE  OAF (MIYAHARA HIROKO)
HRUKS « FHBRIFZEET - Bh#

W7eE 5 00532681

IR # i (TOSAKI YUKI)

PR - REFEBEA MR R ZAFEF - By
#

WIeE %5 80533215




