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Progress in Paleointensity Determination Methods and a Possible Revision of
Time-averaged Geomagnetic Field Intensity for the Last Five Million Years:
Strong Dipole Moment of the Current Geodynamo?

Yuhji YAMAMOTO * and Hideo TSUNAKAWA **

Abstract

The geomagnetic field generated by the geodynamo is one of the most important properties
of the Earth. Since the intrinsic field can be approximated by a dipolar one with time variation,
it is essential to know time-averaged value of past geomagnetic dipole moments for evaluating
the current status of the geodynamo. From archeological materials and volcanic rocks, we can
measure absolute paleointensities and estimate past geomagnetic dipole moments as virtual
axial dipole moments (VADMs). The Thellier method with the pTRM check is so far regarded
as the most reliable paleointensity determination technique. Many efforts have been made to
increase its reliability. Based on the Thellier paleointensities reported so far, the time-averaged
VADM for the last five million years is believed to be almost the same as the present geomag-
netic dipole moment (~8x10%2 Am?). However, it has recently been revealed that Thellier-
type methods have some problems resulting in the overestimation of paleointensities. Instead,
the LTD-DHT Shaw method, a lately developed technique in Japan, shows a higher degree of
reliability for paleointensity determination of historical lava flows. Applying this method, our
study of volcanic rocks from the Society Islands, French Polynesia, gives a new mean VADM of
3.64+2.10 X 10?> Am?, though number of the data is still small. This average is significantly
lower than the previous one and is nearly half of the present dipole moment, suggesting that the

current status of the geomagnetic field may not be typical of the geodynamo.

Key words : geomagnetic field, absolute paleointensity, time-averaged intensity, Thellier meth-
od, LTD-DHT Shaw method
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Fig. 1 Variations in geomagnetic dipole moment for
the past 100 years as determined from the
IGRF-9 (Macmillan et al., 2003).
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Fig. 2 Conceptual Arai diagram for Thellier paleoin-
tensity determination with pTRM check (Coe,
1967).

An interval between Ty and Ts shows positive pTRM

checks. Paleointensity should be calculated from a

slope constituted by this portion.
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Fig. 3 Conceptual diagrams for a result obtained
with the double heating technique of Shaw
method (Tsunakawa and Shaw, 1994). Left
and right figures show results for the first
and second heating, respectively. The validity
of ARM correction is checked by the right dia-
gram while paleointensity is calculated from
the left diagram.
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Fig. 4 Compilation of reported paleointensities obtained
from historical lavas.

Open and closed circles denote results using the Thellier
and LTD-DHT Shaw methods, respectively. Abscissa axis
indicates normalized paleointensities by expected field
intensities. In the figure, averages, standard deviations
and the number of data (V) both paleointensity methods
are shown for individual lavas. Note that the results of
the microwave method are excluded from the statistical
analysis.
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X I HE

R OBEE

i) R

2% 3k

L WXL 12 & B
W RANT 5.

Y 1omT R E) o
LM E A DED

R D B &0
BHHY, 5% DHMGE
ALAE-S

Coe and Gromme (1973)
BRE (1999)
Riisager et al. (2004)

WEDMF 2 ANFZ
(IZZ1 %), loxd o Hi % 4
MR O U B M B,

WREEINLEPD T, @
HBIDD 7

Yu et al. (2004)

LRI WAER 12 & B
wE B L, WERM
REFEHT 5.

pTRM-tail check & \» 9
WEATy THEBINT 5.

pTRM-tail % 1F fiff 1 W Ak
bBHTENTEDLDI,
B & N7 FEER G T O A

Riisager and Riisager (2001)
Leonhardt et al. (2004)
Yu et al. (2004)

BAUEWMIET 5.

EIMOWE AT 7 %%
J, PTRM 7 2 b & X D
B EZAT VY, IR AR % A
"y 5.

MR LD b w7
Oy F Y rmEE S O
TS AR L 72 Y A
I AE XA W] RE.

McClelland and Briden (1996)
Valet et al. (1996)

B & L) Rk
ML, WEHREEN
55

BMEBAT Y TICBIT D
B BAL R 7 NV O REE
OMTEFLLFzy 2
T 5.

FWNIMEBAZ BT 5 IR
WAL O FEREIT % B 5 1
JEE I HE V2B % b EE AT
bH5b.

Mochizuki et al. (2004)

MEBTFBe 2 TRL. B
LEHROEGEZIR 5.

k% FZEh TIT ) .

JEH O 22BN LR
Tk - & HNZ R A3 2 A
5.

Tanaka and Kono (2002)

E 2 ARG A T
).

B O REEPLE Ar
HADYE, Sv=v7
I A M.

Kissel and Laj (2004)

<4 7 KL ) ESAE—
Ay EEEBHEL, &
W - HWZEATO

BUR T, 20X Rk
FI & B EEICHIE LT
Wz,

McArdle et al. (2004) %
KB

RO ELZDX, v 4 7l zfM L7z kh8T
B 9o INEHDLIFEDHWE O~ A 7 vk
RN S, B TOMKRE—A ¥
NSNS S, RS & L CERMe R E n#es
BT LICERBWALO WS X O HA T h
Wb Ewn) FETHAH, Walton et al. (1992,
1993) IZ & » THHEZHASINTLE, 1 FY
A - UNT = VRFEDY g —KZOWFEE O i
TR HEALN, BE, FA%EE T 8.2 GHz
L 14GHz D 220D Y AT ANRERLERTY
% (McArdle et al., 2004), RFHAEH S &5~

A7 aFEoOm % BRERICHNSETH L
T, 7V ZERICBT BB EFEBL T b,
82GHz ® ¥ A7 A TIZ, #HIL500-600C D
BN T S N ALy %2, REeko
A 200C £ TLEA T2 HRETHKTRETD
% (Hill and Shaw, 2000) . ik i &0
EEBEOL D% BAHITITH) ZEBUHETH D,
1B S 720 % 2 B CHMERRERL LT
&% (Halls et al., 2004), #%H D pTRM 7 A b
DETYIETIE, WEDETIZ1IRHEHZD
¥1HRLETH L, HEFT, ¥ 7WITHIL

— 166 —



B5 N"NTAK1960FEERICHEENS, TRE
DEMBILEZ T FY )T A5 4 b
H T o BUSE T%.

RARXH B0 um. & TIRICES Twd 0T EEHR

L7zANVAF AL MNIZEDBT AT,

Fig. 5 Back-scattered electron images of titanomag-
netite grains with intermediate high tempera-
ture oxidation.

Samples are from the Hawaiian 1960 lava. Grain

sizes are about 50 ¢ m.m.

ENb~A 7 ad ORI HER D - 7272
o, 1En# 7 1) = (Kono and Ueno, 1977)
ER—=Z L L72HEMRH SN TnW /2285, kT
XEOHHASEL Y, pTRM T X FD2 & T
VX R—RE LHEFFRHEREILH TR
% (Halls et al., 2004), T4E, ~ A4 7 ajgiks
LTHY RiFeonsFEEIOZFOELE LD
ZEERL, 8%, SEICERLTWbnLE
ZbNhb,

5) {EEIER; 2 ENES 3 —EZDOES

ok MU AR B O Rt o B & LT,
pTRM 7 A b2 & 7)) ik itk e fee (7-&
#.1Z, PICRIT-03: Kissel and Laj, 2004) T /H
T5, HBEVIITA 7 OEEEENT B DD
DFREFEFmEEINTVDL LI THAS, L2L, §l
A TIHMWERROFEHEIEL RS L, BETIE
BAED & Z A MD VRT3 X U° PSD ik 1-
WX BB R - RILT 22 LR TELRVLE Y
IMEE b H D, IHITHAZ, MFHED . 45
TkR7: (1) ORESICIIISTE S, Kkke
L Cilko 7ot i i S i EE M el 2 15 C L &
IMHENE D B Do FEBE, NT A K 1960 SEHE D
51, Hill and Shaw (2000) A5% 4 7 °ikdic
X 0 BUHAMED 69 ~ 205% % R T HIER B2 BT

BY (K4), Z#2ON5ENO—>L LTI, 4

i (1) Z2REL TS, MEOWIEREEZ B £

%, Yamamoto et al. (2003) b [AkD W% R

LCTWwWb, TNHOHIE, Mk 060

FIZBWT, 7V LEE IR RO L

QEETHLH L) T EERET L,

Vo RO h, I F THRA OWIES
VW—T1Eya —hexR—RELHBRATHS 2
FM#s g —EoR BRI HATE 2, Bk
BN AR - ELZ2E & v ) FEa s b
HHILILoT, ZOHEDOFBEMEL Z LI
L3l VI HNTH L, RHEE S, HE
MRS 22 M TR BRI £ THAI L OV
mEF CRIFEOZ LT, T2 MD @R T2
09 AW BIWIHERTE 2 2 L5
NTw5 (/2& 213, Ozima et al., 1964; Heider
et al., 1992), BEZEfIEE, BUED & 2 A liEHz
R TEAMEH L7210 ~ 10°Pa RREOF PR T
1o TW3A, BNMNMEAOEIHE BRI T 5
DELLTHNT) LI H L, DX
)G R AR, KIEHER 2 BNk 5 —
# (LTD-DHT Shaw method: Tsunakawa et al.,
1997; Yamamoto et al., 2003) T&H 5., FNHOH
B2 DWW TIE, Yamamoto et al. (2003) % =M
SNz, BERIHEBA EF—mhet (BEE
Wi D-SPIN) %ALY, HEAEL
DURETH Do . 4HiTH~/ 3 DD
&, FREo X)L w5,

(1) Ao BRRB AL BIRE ALRIE T 2w
Wi, IRIEIERE 2 MUNEL > 3 — o WE 4
RAPEIEIZL Y, 2OE ZERITTEHT
X%, 72& 2%, NRM 2 TRM & TCRM 7*
SR E T 5 lE O Y4, TRM1*-NRM
777 (K3EM) oEMiENKbN, HHE
BREHFEEZ TS LX) FRE2TEHT
&%, O, FHIE Yamamoto et al. (2003)
BN,

(2) MD k7 o4 9 B R biL, RS
X BB RSTIE RIS & > TR AT %,

(8) FEBRZEPIIMBIZ X 5B 0B LTIk, H2E
MBI L > TEOREZIHT 2., TNTHE

— 167 —



BENEL 8461, MBI ARM Z1kic
IOMIEL, E5ICZFDFN4E%E 2 1 H
MO ARM@ilFICE>TF oy 735,
COHEOBEHEIIOVWTE, NTAE
1960 - 1970 4EiA 7, K 1986 4EBH D 5
FRIL 72 3B &2 H v THE T b7z (Yama-
moto et al., 2003; Mochizuki et al., 2004; Oishi
et al., 2005), 1. 4o & FEIC, KEHR
BHIZOWTETOMERRE & 2 OISR IREE
BIECTHELL, 20V ls X O (F 2
(1o) ZERTHERDEI 2% B,
< NT A B 1960 S 1 1.09 £ 022 (9 F—%)
< NI A 51970 4R 1.06 = 0.08(11 7 — %)
- KK 1986 4EiEE 1 1.02 + 0.10 (6 7— %)
WFNORED, RO pTRM 7 A F 2 &5
I X BAER (1. 48) TR TdHEx e
Twb (M4), 4%, 5L EEEOR
72, ARM ZAb% R L 724 IE o2 BB 3
% - EBROIE A RBARER TN 2 LR
T B, GERAT HA T IERfE 72 Mo 5% 550 B A
EDOPEDTHE e & & NEFES N7z,

IIL @% 500 7 F E OFH Bk 558 2

1) B@% 1 FEEOMBREISHRE

HHOEHEDS NG LT LM 1 JTERBRED
HIFZ WL, ABUGBORR L L THRAH
R 2N % E OB ENEM AT Do &
NOFANBRCMBAEIN I PSS 2THY,
Z ORI BIRE LR L ZE 2 5N b,
72, TS OMEIIRIRICHE L % &t
MBS N BELTH Y, ERENIBIT S
EOLRIMBUCK LTRHETH D, ZDEH) %M
o, EnFIEPEREHIT. 482 B XLT3)
OWEEZ 7 ) 7—LTW5A 720 TR 23R
Bz, et R B g B O FiE & Wb
FTREEOBVIEHREIHONLEEZEZ LN
%

Yang et al. (2000) 1, 1982 4F LRI it FL 4%
b D % 1 2 0 5 R A S 15 6 M7z U A
FEREE R 2 284 NV LTze S ORERIZIEDL
&, 500 ~ 1000 4E Z & DA O il BURR - & —

Virtual axial dipole moment [10%2Am?]

0 T T T T T
10000 8000 6000 4000 2000 0 2000
Year BC AD

X 6 Yangetal. (2000) D 2 ¥ /% 4 ik RIS
<, B ZE 1T AR T oo ARAR Hb O il R SR AR T
E— XA v b (VADM) O % H).

M5 oHFE %2R B 729, 500 ~

1000 4E T LD FPHMHEERLTH D, NI, H

SO T— 7 P10 AWM TH D I & &2 EK

T 5. MERIEERERASE (1 o)%x KT,

Fig. 6 Variation of virtual axial dipole moment

(VADM) for the past 10000 years (Yang et
al., 2000).

A b (VADM) K& SOF#H1, BHE»DS
#1000 ~ 3000 4FHI 2K (~ 11 X 10*2Am?)
R L, ZNUENHIBAE L IZIZFR M (~8 X
102Am?) THB L TW72Z b h 5 (HM6),
SF 0, BEINEMERKT S L, HEOH
RS I IRBIC DD E S 2 5.

2) @ 500 5 EB ORI EE

EE PR LR Wil 4 174 &
D HUFIIOWTIE, BfEOE 25, #WEITTBK
SN KIE (B B 5 UREo I MRS & B
SHEZHEET S I D%, Kono (1971) % Me-
Fadden and McElhinny (1982) 7 &% b)Y
12, BEREHERICOWT, HR&HO KL
A HIE S N R EOR B i 2 2 > 34 v
L CZDOMEME IO W THEET 5 & v ) e
PITbNTE7z, 5, WHEOH ML, AR
SMHET-E— A ¥+ (VDM) O3 - =
13 8.9 = 3.4 x 102Am? (3 7% 70 ~ 1000 Jj 4F
% : Kono, 1971) 3 X 1UF8.67 = 3.63 x 10%Am>

— 168 —



(3# 2 500 77 4F [ : McFadden and McElhinny,
1982) TH D EWHI D o7z, BE, SHIC
F— 7 HNEM XN, Tanaka et al. (1995b) 2 &
0 o R AR T — 7 N — 2RI E iz,
HTHSBZIDF—F N— 2B FERICHED X,
# 22 1000 5 4E M @ VDM O -3 - Bk R 7% 1%
7.84 = 3.80 X 102Am? TH A EfEimL7ze I
LOREZIFETIZIZFUMETSH Y, JUEO R
M TE—R2 Y POKEES (~8 x 102Am?)
EDEE Lol Lz oT, BEBREHERE
L C b BUE O M IREE S (3 2 RTBICH 5
EEZOLNTET,

LhL, TRNE5DF—FX—2(2i%, pTRM
TADET) ZEDA DT TRD Sz
B ARE T — 2 B RE L HEEhTwi,
Juarez and Tauxe (2000) X Z ® Sz L,
WO IR TR O R R T — & X —
2 (Perrin et al., 1998) 75 pTRM 7 A D &
FTUVIHELEEZF—soRZMB L, EEEL
BT 2T o720 MOBHOWET—F MR 5
Z LT Ko TR AR, B2 30 ~ 500 J)4E
WO VADM O3 & B #EfR 713 5.49 + 2.36 X
102Am?* TH 5 L\ ) bDEo 7z, THIZLHTO
Ham B X OBIE O MRS AR T E— 2~ POKRE
BLRET B EH30% NS WHTHB, LaL,
%@% pTRM 7 A b2 & 7)) ZFEDOTF— 51T
SHICER I N7/ &, Heller et al. (2002)
Xz h%@T FEWYAARETFT —FRXR— %
PR L, WEMRBNT E1T 5720 ZOMmD I B
D—o1%, #FE 500 )74 D VDM O F31d4
8 X 10ZAm2 IC B V) HbDThHole O F
D, OGRS T LEo7oblTTH 5D,

C OREEE, R O R SR T — 4
~N—Z (Perrin and Schnepp, 2004) (2372
BT THEDL LRV, TOF—FN—R1%, 215
DRk 3128 ORI L 727 — & D HIEK &
M, F D Tanaka et al. (1995b) D H D & X
TZFOEIIH 3fEER>TWw5b, Yamamoto and
Tsunakawa (2005) X, THOF—F RX— A5
WEO—@OWSE & [F Uktat iy 25# T pTRM 7
ArDETVZEOT—yOAEMBL, #E

500 J54E @ VADM D34 - FEHEfR 24 % 55 L
720 ZOREFIZ 7.46 = 3.10 X 1022Am? (458 7 —
Z) Ly, ThEITOHKMEBATLINT
Hole LML, TORMmITHIKESOBEDOL%E
JiH%Lfb\&b\ﬂﬁuliiﬁdbéo LR 6E, 0.
4 FITRA L7z & 912, WO MR 50 B A5
HMOWERFEAEIC pTRM 7 X b2 & 71 L%l
FALTH, IEL HBESEEAE S i
D, BEAEL D SBROITEREEASTLE ) FIDS
iﬁ%<$ﬁ%’éhé;") %o TENLTH S,

DEAEDIFIIHATEMED 2 512 bET S (K
4Eﬁm)#ﬁf I. 5fiTRMLzEHIC
Fex OWf7E 7 IV — T35 %mm_mhﬁhf
&R 2 BONE Y 3 — T, AR
BRI ERERARE QT 5 (K4 ),

Z ) Wwo 2 RME B F 2, Yamamoto and
Tsunakawa (2005) 1%, = 500 J5 4 BT
ENZZTVYFRIXTT - VT 156BK
G 2 S FRELL 72300 R L, RIS % 2 [l
B oa — T & B o R AR R T E A AT o
oo HHENBEHEELADETEELLES
%, AT 24 AFTOMNL L7z W A b h HASHEREE
WELSHEITMICE L FVORWERZG/2, T
5 OFERD S VADM O3 - R 5% GH5E 5
%k, 364 210 x 10%Am? (24 7—%) &7
%o UK T LI NSO RS %, Fiko
pTRM 7 A P2 &7 LiEIl LB 7—2 L L)
W7 (A) WCRY, %72, VADMOL R L5
2%K7 (B) (C) I2R”T, pTRMT A FD &7
Ul&’ié?—&(ﬂ7(m EENNEEIAVPN

RorA%#2: 100 JAEMIZEP L TBY, oM
iﬁmﬁ@ZEmﬂ/a—&@T oA &g
RBib, UL, HHEOTFT—F B 100 )7 4E
i & #7: 100 ~ 500 Jj 4R T %D VADM DK &
SOMICKE TR L, WHEOFHEZEEILEL T
LHERICKRE L FIFIRVWEEZEZON,

Yamamoto and Tsunakawa (2005) 2 & 0 1K
TR 2 BNE > g — kT S5 N7zl 3 500 75
EH O3 VADM (3.64 X 102Am?) 1, HAE
DOHBABMBFE— A~ b (~8 x 102Am?),
BIY, pTRM T A I &7 ) DT — 512

— 169 —



z

N
o

-
a

10

Virtual axial dipole moment [1 022Am2]

Age [Ma]

Average = 7.46 Average = 3.64

Standard deviation = 3.10 Standard deviation = 2.10
1004

Number
Number

4 8 12

4 8 12 16
Thellier VADM [10%2Am?] LTD-DHT Shaw VADM [10%2Am?]

7
(A) #2500 /3 4F ] o> A A8 M O il 6 SBUA - € — X >~ & (VADM) O H). FH
Wi B o M b AR B 7 — ¥ X — A (Perrin and Schnepp, 2004) % & fHi
HMLZPITRM 7T A b2 & F ) T FEICEBF—%, BRE 7LV FRYIAVT -
VH I T4 BRI ERE 2 SMRRN#E2 My a -k TR
7 — % (Yamamoto and Tsunakawa, 2005) % /R 3. f# %8 € 7 )V 1 Singer
etal. (2002) B X UF Utoetal. (submitted) 12 & 5.
(B) Eit (A) TRLZAPIRM T A D E T Y ZHEICLLT—F DA NS T A,
(C) kit (A) TRLUZKRMEE2EMEA Y a —BICLE2T—FDOLRX T T A,
Fig. 7
(A) Variation of VADM for the past 5 million years. The open circles indicate selected
Thellier data from the latest absolute paleointensity database (Perrin and Sch-
nepp, 2004) while the closed ones denote LTD-DHT Shaw data obtained from vol-
canic rocks of the Society Islands, French Polynesia (Yamamoto and Tsunakawa,

2005) . Magnetostratigraphy is referred from Singer et al. (2002) and Uto et al.
(submitted).

(B) Histogram for the selected Thellier VADM data.
(C) Histogram for the LTD-DHT Shaw VADM data.
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