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Probing and Correcting the Non-ideal Behavior of Magnetic Grains
during Thellier Paleointensity Experiment: A New Method
of Paleointensity Determination

Zhong ZHENG*, Xixi ZHAO** and Naoko UENO™***

Abstract

We present a new method of paleointensity determination based on comparing the thermal
demagnetization of natural remanent magnetization (NRM) with that of an artificial total ther-
moremanent magnetization (TRM). Igneous rocks often contain pseudo-single domain (PSD),
multidomain (MD), and/or single domain (SD) particles as magnetic remanence carriers under
strong magnetic grain (domain) interactions. The magnetic grain interactions have particular
disastrous effects on paleointensity experiments, which make determination of paleointensity
unreliable. We have critically examined how magnetic grain interactions affect the Thellier ex-
periment, and have developed a new technique for correcting grain-interaction effects in the ex-
periment of paleointensity estimation. The essential point of our experimental method is that by
comparing the thermal demagnetization of natural remanent magnetization (0 NRM_loss) with
that of an artificial total TRM (0 TRM _loss) for estimating its paleointensity, rather than that by
comparing the remaining of NRM during thermal demagnetization (NRM_remaining) with a pro-
gressive TRM_gain in the traditional Thellier-Coe method, which essentially requires the additiv-
ity of partial TRM and independence of pTRMs. Using our new method, a mild alternating field
(AF) demagnetization pre-treatment is applied to destroy most of the low coercivity remanence,
which makes the samples behave more suitebly for a paleointensity study. We also make an ap-
parent paleointensity estimation with pTRM, which is acquired in the perpendicular direction
of NRM in a narrow non-overlapping temperature interval and cooled slowly in air. In this way,
the non-ideal behavior of samples is detected most sensitively by the discrepancy between NRM

loss and pTRM gain. Finally, we employ an artificial total TRM test to elucidate the relation be-
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tween TRM _loss and pTRM_gain, and to correct interference caused by the non-ideal behavior. We

have applied our new method to several representative suites of historical lava flows of known

geomagnetic field intensity, and successfully extracted reliable paleointensity with a precision

higher than 95% from samples even containing PSD and MD grains.

Key words : paleointensity, Thellier method, non-ideal behavior correction, pTRM measure-
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Measurement Procedure of this study
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Fig. 1 Experimental procedures used in this study.
A complete measurement for determining paleointensity consists of several cycles; each includes a
step for thermal demagnetization of NRM and a step for pTRM acquisition.
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(2) THEIE S 7y Mo g S o B &[]

Unblocking Temperature Spectra of TRM
Sample:805-1B, 1986 Izu-Oshima Lava
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10mT AFD Pre-treatment —o—0TRM_1/6T
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LCHRGHZ, 2200 L ) B E CHEBYEMICHEBIS 2T M TBEA L 2.
TRM_2 (360C, 220C, 50 uT) i3 b FRIRE %2 360CIC L7228 DA TRM_1 & # 7%
. ZFNENOTRMIZDO W CERN# AL FEiE L, € ® unblocking it £ 0 TRM % #i X7z,
TRM_1 & TRM_2 & @ unblocking i £ 75 4ii @ &\ &, 7 V> blocking i B (T, : 340T ~
360C) K TSN A 5w T, (220C ~ 340C) Hi 7 4 M @ unblocking i J¥ 5 4 ~ O 3
BAEARWMT 2, SR TFENOBEILIZIZOE FREMPM (300C ~ 340C) T4 M1
BMIED, IVEVRENZIEILEALEEEZ LIE 2. 220720 pTRM O 454 bR L7z,

Fig. 2 Typical example of magnetic grain interaction of higher blocking temperature grains
to lower ones in a PSD-like sample.

The effect is detected from the difference between the unblocking temperature spectra of

0 TRM_1 and 0 TRM_2. The latter was acquired when cooling from a higher temperature.

For reference, the blocking temperature spectra (pTRM) were also ploted. Definitions

for curve legends in: d TRM=TRM (T;_1) remaining - TRM (T}) remaining; pTRM=pTRM (T;,

Ty 1); 0 T=T;_, T; 1=20C; 10 mT AF demagnetization was applied before each measurement.

I DRRE T O SR EIE Y b M 2 i L A %

LThY, MmEBlT—% X —&%Tr2 L
BHLLTH L (F1BH),

2) FEIBEEEERTH (KBEBE)

PR B) 2 R 4B & L CTIZRES 1986 4F
BEBRHY, TNIZOWTUTICEEMICHEAT
5o

KEZRILAVFIHNO LAESE (KITA) 2
5270y 7 ORE (805 & Stop 6) IR L 72,
R AR 2 B AR E THMEEIC CBgiT 2L,

ARIHEL~2 um BEOMMAET S ) <7
A4 MTHY, 0L Rl 2 HLAREE 2R
TR FHTABERICEELTHMT 5. 2E S
NTTELBEETHBE EHMTE 5,
HOHHLHNRM 7 ZITREIHBL TBW
K 805-1B % JHVy, D IEFMZD) % 72,
¥ 2 1Z %\ blocking i (T, : 340C ~ 360C)
BHEMD SRV T, (220C ~ 340C) kT4
@ unblocking iR ~D KB EZRT, k%

— 266 —



pTRM loss during stepwise thermal demagnetization
Sample: 805-1B, 1986 Izu-Oshima Lava, PSD-like

w » wv
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Fig. 3
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mEEHoONEN (FU-K5E
1986 AEWE Y L 729

H W% i (unblocking it BE & W
9, Tw) #%F i (blocking
WMEEVI, T, &—HLEWw
(Tw, = Ty). 360C ~330C &
HBFEIZB VTS50 T DI
Y CHK W L T 72 pTRM (360C,
330C) IZ2oWT, ERSBMm%E
T-72. Ty (360C, 330C) Zx}
LT, TwE330C LKV o
bHNIE, 360CELhmVwdbod
HbH. LrLl, TOXLIZIFIFE
T4OC@$E}EL"‘”§% BT 1
2B W T, hold time (k% H
B FETE LT D X 6 MR
W) %% 2T, ¥ 805-1B
FRRBEALOWE" 1ZOoVTD
N7z, %h%nzs \k 120 4
Lz 120 78I X b
ﬂ@%:&l’ﬁfzﬂmﬁﬁ e
~F o7, ZORBBRAOWMEN
L7l EE#I PRI, Tw = Ty O
fﬂﬁﬁiﬁlﬂt B 2 WARAOR S h
pTRM tail DLl 5 4.
LRI EE @ 3607T T 0BG B TH
FETE L VWEABSK L pTRM tail
L. HHOTRIEEZ FIFT,
BiE O pTRM tail % 15 X1, %
NEN O P % 38 T 18 T B
Lo THlRE wWFholsad,
pTRM tail ®4H\\F1 20 mT & 1
BENE IR iy R =l A% i1 A AT
EAVHI L 72,

ﬁ%ﬁx

B

b

ESERTES BT

(A) pTRM loss during stepwise thermal demagnetization of representative sample 805-1B of 1986 Izu-Oshima lava.
The result suggests a significant difference between distribution of unblocking temperature (T.,) and blocking

, cooling in artificial field 50 ¢« T to
330 C and without field back to 25 C using a demagnetized sample of almost zero residual magnetization. In
other words the pTRM was blocked (T},) between 330C to 360C . However, thermal demagnetization not only
at steps less than 330C destroyed 10 % of pTRM (T<T}), but also left significant residual magnetization as
high as 39% of pTRM, so-called pTRM tail ((360C, 330C ), 360C ), even after the maximum temperature of
360C where pTRM was acquired (Tu>Ts). pTRM losses were greater under a longer hold time after the demag-
netization temperature was reached, showing lower temperature erosion effects (decay of pTRM).

(B) Plots of relative magnetization of pTRM tails as a function of AF demagnetizing field of sample 805-1B.
The pTRM tails are shown to be carried mainly by low coercivity (less than 20 mT) grains. The tails result from
the averages of 2 sets of measurements where fields are applied in both normal and reversed directions to re-
move the effects of residual NRM, and are normalized by data obtained in the cooling interval of 360C-220C .
The residual mean remanence (with error bars) is the mean differences between these 2 directional measurements.

temperature (T;)

. The pTRM was acquired by heating from 25C to 360C
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WL PH T4 X272 pTRM tail 1Z5R K 20%
L2 L T, 2@ pTRM tail ® %81
300C & v i ofr FH:H 25 340C ~ 8360C D 5
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KEBEHARABSsOH L a7 75 2k
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Fig. 4 Results of the Thellier experiments on 1986 Izu-Oshima lava samples using the new pTRM method developed
in this study.

The samples show the behavior of PSD-like grains. A different property exists in samples even from the same block:
Specimen Stop6-1C shows a relative constant apparent paleointensity (Han), whereas specimen Stop6-2B yields a
highly variable paleofield (Han). Applying the right correction method from our TRM test, the corrected paleointen-
sities for the 3 specimens agree with each other. Definitions for curve legends in: d NRM=NRM (T; - ;) remaining -
NRM (T remaining; pTRM=pTRM (T, T; - 1); 0 TRM=TRM (T; - ;)remaining - TRM (T;)remaining; 0 T=T;—T;i-1,
typically between 20C-50T; Paleofield (Han)= (d NRM/pTRM)Hlab and Paleofield (Han')= (0 TRM/pTRM)Hlab;
Corrected Han= (Han/Han')Hlab; >10 mT=10 mT AF demagnetization was applied before each measurement. The
accepted data for correction are noted in bigger open circles of 0 NRM and bold column of pTRM.
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