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Abstract

　Geomagnetic intensity of Piton de la Fournaise 1998 lava in Reunion Island was 

investigated by using the Zheng’s method for paleointensity study. An excellent result of 

36.1±1.9µT was obtained. For reference, a dif ferentiated Thelliers’ method yielded 

37.7±4.2µT, and the total intensity of the IGRF 2000 model field at the sampling point is 

calculated to 36.4µT
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1. Introduction

　The new method developed by Zheng (Zheng et al., 2005: Ueno et al., 2008: Ueno and 

Zheng, 2010) was applied for paleointensity determination on the basaltic rocks erupted in 

1998, at Piton de la Fournaise in Reunion Island, Indian Ocean.

　Samples were collected during the 1998 eruption at (h =2630m height, 21.14S, 55,43E ), 

where the total intensity of the IGRF 2000 model is calculated to 36.4µT.

　Results by the differentiated Thelliers’ method were illustrated for comparison.

2. Samples and rock magnetic characters

　Samples were collected during the eruption of Piton de la Fournaise in 1998, while the 

fi eld excursion promoted by the International Volcanological Congress (IAVCEI ’98, Cape 

Town) was going on. The title of the excursion was the “A6: Volcanic Geology of Reunion 

Island, Indian Ocean”. Sampling site is shown in Fig. 1 (Fig.1-1, Fig.1-2, Fig.1-3). All of the 
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Fig. 1　Sampling site

Fig. 1-1　Location of Reunion Island (copied from map.yahoo)
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Fig. 1-3　Sampling site (original map: Thomas Staudacher, 1998)

Fig. 1-2　Map of Piton de la Fournaise in Reunion Island (copied from maps. google)
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samples were still warm which erupted in a few days before sampling. Samples were 

numbered RN98_H1～ H3. The high density specimens numbered from RN98_H3-1 to H3-6 

were mainly used for analysis (Fig.2-1).

Microscopic observations:  

　Fig.2-2 shows microscopic observation of some specimens under plane-polarized light and 

crossed polar. Fig.2-3 is the back scatter image (BEI) by scanning electron microscope of 

RN98_H3-1 ～ H3-6. From these figures, delicate skeletal titanomagnetite crystals are 

considered to be the main carrier of remanent magnetization.

Thermal Demagnetization:

　Zijiderveld diagram (Zijiderveld ,1967) and unblocking temperature spectra of NRM on 

the high density block (Fig.3-1) and the porous block named RN-P (Fig.3-2) are shown. 

These figures provide the preliminary information of thermal remanent characters to 

arrange the proper temperature steps. Both of the two blocks have the two unblocking 

temperature spectra of around 150 ～ 200℃ and over 300℃ . According to the unblocking 

temperature spectra, steps were selected under 270℃ .

IRM acquisition curves: 

　IRM acquisition experiment was performed on the high density block by applying a pulse 

field. As shown in Fig.4, 300mT was the saturation field. The acquisition curve in every 

temperature was simple as compared with the deviating demagnetization curve.

Fig. 2-1　Photograph of RN98_H3
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Fig. 2-2　Microscopic observation of RN98_H3-1～ H3-4



188 Naoko UENO, Zhong ZHENG

Fig. 2-3　BEI by scanning electron microscope of RN98_H3-1～ H3-6
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Fig. 3-1　Zijiderveld diagram and unblocking temperature spectra of NRM on high density block
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Fig. 3-2　Zijiderveld diagram and unblocking temperature spectra of NRM on porous  block
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Fig. 4　IRM acquisition curve of high density block

Hysteresis parameters:  

　Hysteresis curves of H3-1 ～ H3-6 are shown in Fig.5. In Table 1, summary of the 

hysteresis parameters in H3-1 ～ H3-6 are listed, and the variation of Hc and Hcr in the 

specimens H3-1～ H3-6 was illustrated in Fig.6-1.

　Plots of hysteresis parameters with fi les of titanomagnetites (Day diagram) are shown in 

Fig.6-2. In the Day diagram, H3-2～ H3-6 are fi led in single domain region, while H3-1 is in 

pseudo-single domain region.

FORC diagram:  

　From the analysis of hysteresis properties, fi rst-order reversal curves (FORCs) (Pike et 
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Fig. 5　Hysteresis curve of RN98_H3-1～ H3-6
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Table 1　Hysteresis parameters of Reunion 1998 lava

Fig. 6-1　Variation of Hc and Hcr in H3 specimens (vertical axis indicates Mrs/Ms) 

Fig. 6-2　 Plots of hysteresis parameters
Single domain(SD),pseudo-SD(PSD) and multidomain(MD) fi les of titano-magnetites 
by Day et al.(1977) are also shown.
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Fig. 7　FORC diagram of H3-1,H3-2, H3-6
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al., 2001) are plotted in Fig.7. The high coercivity and the elongated minimal vertical spread 

of contours of H3-2 is the typical FORC fi gure of single domain titanomagnetite.

　H3-1 filed in pseudo-single domain in Day diagram shows low maximum coercivity and 

relatively round fi gure compared with other two specimens fi led in single domain area.

Thermal analysis of initial susceptibility: 

　Thermal analysis of initial susceptibility (l) was conducted with Kappabridge susceptibility 

meter KLY-3S in air atmosphere to fi nd out the magnetic phase change during laboratory 

heating. Only the specimen from porous block is analyzed as seen in Fig.8.

　The signifi cant phase change of the sample occurred at 484℃ suggests the main magnetic 

mineral composition is close to magnetite.

3. Paleointensity experiment  

　The new method of paleointensity determination developed by Zheng was documented 

applicable by using the recent Unzen volcanic rocks (Ueno et al., 2008). The experiment 

procedure is introduced in detail in Ueno and Zheng (2010). Eleven samples were used: H1-

1, H1-3～ H1-5, H2-9, H3-1～ 3-6. In Fig. 9-1-1, a diagram of unblocking temperature spectra 

of NRM & pTRM of specimen H1-1 for the 1
st
 run to pick-up apparent paleointensity data is 

shown, and Fig. 9-1-2 shows the 2
nd

 run for the correction of static-magnetic interaction 

between magnetic mineral grains. The results of the same experiment from other specimens 

are shown in from Fig. 9-2-1 to Fig. 9-11-2.

Fig. 8　Thermal analysis of initial susceptibility
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Fig. 9-1-1　Unblocking temperature spectra of NRM & pTRM of H1-1
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Fig. 9-1-2　Unblocking temperature spectra of TRM & pTRM of H1-1
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Fig. 9-2-1　 Unblocking temperature spectra of NRM & pTRM of H1-3
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Fig. 9-2-2　Unblocking temperature spectra of TRM & pTRM of H1-3
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Fig. 9-3-1　Unblocking temperature spectra of NRM & pTRM of H1-4



 Paleointensity and Rock-magnetism of Reunion 1998 Lava 201 

Fig. 9-3-2　Unblocking temperature spectra of TRM & pTRM of H1-4
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Fig. 9-4-1　Unblocking temperature spectra of NRM & pTRM of H1-5
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Fig. 9-4-2　Unblocking temperature spectra of TRM & pTRM of H1-5
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Fig. 9-5-1　Unblocking temperature spectra of NRM & pTRM of H2-9
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Fig. 9-5-2　Unblocking temperature spectra of TRM & pTRM of H2-9
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Fig. 9-6-1　Unblocking temperature spectra of NRM & pTRM of H3-1
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Fig. 9-6-2　Unblocking temperature spectra of TRM & pTRM of H3-1
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Fig. 9-7-1　Unblocking temperature spectra of NRM & pTRM of H3-2
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Fig. 9-7-2　 Unblocking temperature spectra of TRM & pTRM of H3-2
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Fig. 9-8-1　Unblocking temperature spectra of NRM & pTRM of H3-3
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Fig. 9-8-2　Unblocking temperature spectra of TRM & pTRM of H3-3
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Fig. 9-9-1　Unblocking temperature spectra of NRM & pTRM of H3-4
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Fig. 9-9-2　Unblocking temperature spectra of TRM & pTRM of H3-4
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Fig. 9-10-1　Unblocking temperature spectra of NRM & pTRM of H3-5
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Fig. 9-10-2　Unblocking temperature spectra of TRM & pTRM of H3-5
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Fig. 9-11-1　Unblocking temperature spectra of NRM & pTRM of H3-6
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Fig. 9-11-2　Unblocking temperature spectra of TRM & pTRM of H3-6
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　Figure 10 shows histogram of paleointensity plateau data obtained from the 42 

temperature intervals of 9 specimens from the most magnetic thermally stable lava. The 

upper panel diagram shows results of the differentiated Thelliers’ method by using the data 

from NRM & pTRM spectra. The lower panel diagram represents the results of the new 

Fig. 10　Frequency distribution diagram of paleointensity on Reunion 1998 lava
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method of Zheng after using the spectra of TRM and pTRM for correction. The mean of 42 

plateau data is calculated to 36.2±2.9 µT for Zheng’s method and 37.7±5.8µT for Thelliers’ 

method; and mean of 9 specimens is 36.1±1.9 µT and 37.7±4.2µT for Zheng’s and Thelleirs’ 

respectively. The Zheng’s data set is much smaller in dispersion than the dif ferential 

Thelliers’ method. 

　Summary of paleomagnetic intensity results from the Reunion 1998 lava is compiled in 

Table 2. 

　One sample from the high density block was applied to Shaw’s method, and 31µT was 

obtained as shown in Fig.11.

Fig. 11　Case study of Shaw’s method on high density block of RN98_H
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4. Results and discussion

　From nine thermal stable specimens of Reunion 1998 lava, a good result of geomagnetic 

intensity of 36.1±1.9µT was obtained by using Zheng’s method and 37.7±4.2µT by using 

differentiated Thelliers’ method. For reference, the local fi eld is calculated to 36.4µT at Piton 

de la Fournaise (h =2630m, 21.14S, 55.43E) based on IGRF 2000 model (http://wdc.kugi.

kyoto-u.ac.jp/igrf/point/index.html).

　The good agreement of both methods of Zheng’s and Thelliers’ is due to no signifi cant 

disturbing ef fect of magnetostatic interaction between grains appeared during the 

experiments.
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要　旨

レ・ユニオン島 1998年噴出溶岩の地球磁場強度と磁気特性

上野直子・鄭　重

　鄭によって開発された古地球磁場強度測定法を用いて、1998年に噴出したレ・ユニオ
ン島玄武岩について、その古地磁気強度を測定した。 最も熱安定性の高い 9試料から、
36.1±1.9µTの非常に良い値が得られた。また、この 9試料から微分テリエ法で得られた古
地球磁場強度は 37.7±4.2µTであった。なお、標準地磁気モデル IGRFによる 2000年のレ・
ユニオン島の地球磁場強度は 36.4µTである。


