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We report a paleomagnetic secular variation in the Society Islands, French Polynesia for the past 5 Ma. Paleo-
magnetic measurements were performed on volcanic rocks applying thermal and alternating field demagnetizations
and principal-component analysis. As a result, 82 normal, 48 reversed, and 10 intermediate directions were ob-
served after the correction of the site localities for the absolute motion of the Pacific plate. A mean VGP of the
combined data set of normal and reversed polarities is located&MN\8@nd 40°W (Ags = 2.3°), which is close
to the geographic pole. The angular standard deviation (ASD) around the mean VGP resulté i+14°,

—1.2°). There is no significant inclination anomaly for the time-averaged field. However, if the plate motion is not
taken into account, a significant anomaly-68.4°> would be observed at a 95% confidence level. This suggests
that correction for the absolute plate motion is needed for the precise paleodirectional analysis of the Pacific region.
These features are also supported by an analysis combining the previous data set with our data.

1. Introduction from the Northern Hemisphere but only 590 from the South-
Paleodirectional studies are quite important for finding tleen. Hence, hotspot basalts in the Southern Hemisphere are
paleosecular variation (PSV) and time-averaged features gbad candidates for improving this situation. This is because
geomagnetic field. Over the last decade, several paleonthgy are expected to have stable remanences and frequent
netic studies have proposed inclusive models for the pastiptions can yield detailed paleomagnetic records.
few million years, (e.g. Gubbins and Kelly, 1993; Johnson The Society Islands in French Polynesia are composed
and Constable, 1995, 1997; Kelly and Gubbins, 1997; Konminly of 0—5 Ma hotspot basalts. Duncan (1975) paleomag-
et al, 2000). A common conclusion from these models igetically studied volcanic rocks from five islands of Tahiti,
that the time-averaged field (TAF) is dominated by a dipoMoorea, Huahine, Raiatea and Borabora. He retrieved 35
field and is associated with a certain number of non-dipaiermal, 18 reversed and six intermediate polarities, apply-
fields. Because of non-dipole components, there is a latitog a threshold VGP latitude of 50 However, these data
dinal dependence in the angular standard deviation (ASDay be of insufficient quality for modern paleosecular vari-
of the virtual geomagnetic poles (VGPs), as pointed cafion studies because (1) the directions were not determined
by Cox (1970). Non-dipole fields may also generate sysy the principal component analysis (Kirschvink, 1980) and
tematic inclination offsets from the geocentric axial dipol®) some of their magnetic cleanings do not seem to be suffi-
(GAD) field, that is an inclination anomaly. McElhinret cient. Especially concerning the latter point, 59 directions
al. (1996a) suggested that the inclination anomaly for theere obtained with magnetic cleanings up to 20 mT, and
past 5 Ma TAF was attributed to the zonal quadrupole asit of them were determined from non-cleaning remanences.
octupole. Roperch and Duncan (1990) reported transient geomagnetic
Although a reliable and global database is required fiields from Huahine, while Chauviat al. (1990) observed
these studies, paleodirections have scarcely been provig@gdaormal, 41 reversed, and 47 intermediate directions from
from the Southern Hemisphere. As a comprehensii23 sites in Tahiti Nui. The time span was, however, rela-
database covering the past 5 Ma, Johnson and Constéltdy short, since they were mainly interested in the transi-
(1996) compiled 1610 independent paleodirectional daianal behavior of the geomagnetic field.
In this study, volcanic rocks have been paleomagnetically
*Present address: Geological Survey of Japan, AIST, Tsukuba cerg@asured for 154 sites at Maupiti, Borabora, Tahaa, Raiatea,
7, Tsukuba, Ibaraki 305-8567, Japan. Huahine, Moorea, and Tahiti by both thermal and AF demag-
netizations in order to extract primary remanences. Based on
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2. Samplesand Plate Motion

The Society Islands consist of 10 volcanic islands and
several seamounts. They are hotspot origin and show a
chain-like configuration in a northwest-southeast direction
delineating the Pacific plate motion. The present hotspot
is located at 18°S, 148°W at the southeastern end of the
archipelago (Gripp and Gordon, 1990), where several ac-
tive submarine volcanoes are observed. The basaltic vol-
canism began about 5 Ma (Duncan and McDougall, 1976).
The samples were collected from 101 sites of lava sequences
and from 53 sites of dikes and single lavas, mostly by a
portable engine drill. The sample orientation was carried out
by a magnetic compass and/or a sun compass. As shown
in Fig. 1, the sampling sites are distributed at Maupiti (24
sites), Borabora(21), Tahaa (20), Raiatea (24), Huahine (21),
Moorea (33) and Tahiti (11).

The K-Ar ages reported in the literature can be summa-
rized as 3.94.51 Mafor Maupiti, 3.10-3.45 Mafor BoraB-
ora, 2.8-3.2 Mafor Tahaa, 2.44-2.75 Ma for Raiatea, 2.0
3.08 Ma for Huahine, 1.36-1.72 Ma for Moorea, and 0.62—
1.19 Mafor Tahiti (Blais et al.,, 1997, 2000; Chauvin et al.,
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Fig. 1. A map showing the sampling sites.
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1990; Duncan and McDougall, 1976; Guillou et al., 1998;
Roperch and Duncan, 1990; Singer et al, 1999). There-
fore, these islands provide paleomagnetic record of the past
5 Ma. However, it should be noticed that the absolute mo-
tion of the Pacific plate evokes a few degrees of change in
the sampling site positions over afew million years. Accord-
ing to the HS2-NUVEL 1 model (Gripp and Gordon, 1990),
the Pacific-plate absolute motion has Euler pole at 60.2°S,
90.0°E and an angular speed of 0.98°/Ma. Applying this
model, the original positions are gathered and make a cluster
at a mean position of 18.0°S, 148.6°W with a 95% confi-
dence circle of 0.2°, which is close to the present hotspot.
The correction for the Pacific-plate motion is not negligible
for precise paleodirectional analysis, because inclination of
the GAD field changes from —33.0° at 18°Sto —31.4° at
17°S. Therefore, we will compare the data with and without
the plate-motion correction later.

3. Experimental Proceduresand Demagnetization
Results

More than three specimens from each site were subjected
to stepwise thermal demagnetization up to 600°C in the air
at 20-50°C intervals. Alternating field (AF) demagnetiza-
tion was also performed on other specimens at 5 or 10 mT
intervals up to a 160 mT peak field. All the natural remanent
magneti zations (NRMs) were measured by a spinner magne-
tometer (Natsuhara-Giken SMD-88 and DSPIN-2; Kono et
al., 1984, Kono et al,, 1997). All paleodirections were deter-
mined by principal-component analysis (Kirschvink, 1980).
We measured 885 paleomagnetic cores from 154 sites and
their NRM intensitiesranged from 1.29x 107 t0 1.50x 1072
Am?/kg with amode around 1 x 10~2 Am?/kg.

Primary remanences were easily isolated from 140 sites
using both thermal and AF demagnetizations (Fig. 2), yield-
ing site mean paleodirections with ags < 15°. Among them,
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Fig. 2. Representative stepwise thermal and AF demagnetization diagrams
for (A) normal and (B) reversed directions.
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Table 1. Paleodirections and VGPs for the dikes and single lavas. Site, Site
ID; n/N, number of the specimens used for calculation and demagneti-
zation; ags, @ 95% confidence circle; PLat, PLong, latitude and longitude
of VGP. The prime (") denotes the values after plate-motion correction.
Precise site localities are referred to in Fig. 1.

Site Dec Inc n/N ags PLa PLong PLa’ PLong
Maupiti (16.44~16. 458 152.25-152.28W)
MPO1 -804 —-79.7 5/5 18.7 48.6 20.0 52.8
MP14 254 508 5/5 5.8 625 —245 644 -226
MP15 221 —-549 5/5 4.7 62.7 —14.2 64.7 —-115
MP16 17.3 -7.2 5/5 7.6 68.7 —97.4 68.4 —-99.0
MP17 8.0 —-293 36 202 — — — —
MP18 4.7 —404 5/5 7.0 82.0 -53 84.1 -3.0
MP19 -30 -368 55 32 850 62.2 855 90.0
MP20 35 —496 55 63 756 39.9 771 49.5
MP21 -97 -180 5/5 4.2 78.1 153.9 76.2 160.9
MP22 — — o7 — — — — —
MP23 0.1 -253 55 40 868 —151.3 850 —159.6
MP24 45 —-386 5/5 9.2 83.2 —10.6 85.2 —-10.7
Borabora (16.46-16.54'S, 151.73-151.76 W)
BRO1 1572 432 47 125 -67.1 1443 —-684 1448
BRO2 -88 317 7/7 32 816 1127 808 1246
BRO3 —-40 -289 55 53 860 1338 847 1489
BRO8 -37 =534 77 24 723 384 735 44.6
BRO9 2.8 —419 48 5.7 819 9.5 835 14.9
BR10 17.6 —-131 6/6 3.0 70.2 —89.5 70.2 —-91.1
BR11 20.5 =373 77 9.0 70.1 —459 71.2 —46.4
BR12 33 —-21.1 6/8 6.0 836 —1213 826 —129.3
BR13 1474 233 47 51 -582 1148 -589 1153
BR16 16.9 -390 77 4.9 731 —40.0 74.3 —40.7
BR17 274 —49.7 55 144 614 —-275 62.8 —26.1
Tahaa (16.58-16.59'S, 151.48-151.49W)
TA12 2063 439 55 45 —639 1434 —651 1442
TA13 1586  37.3 910 63 -693 -766 —-689 —704
TA14 2030 760 55 687 — — —
Raiatea (16.86-16. 928 151.37151. 4€iW)
RTO1 4.6 -393 77 831 -9.2 84.3 —-8.8
RTO2 7.6 —424 67 4.9 79.5 —-12.7 80.8 -120
RTO3 13 —264 67 4.6 86.8 —1278 860 —140.1
RT08 8.9 —-427 55 63 785 —-163 798 —159
RT09 5.9 —488 5/5 2.7 76.1 7.0 77.3 10.1
RAO1 6.0 —247 44 32 830 —941 828 -1020
RAO02a — — 0/3 — — — — —
RAO02b 44 9.2 22 — — — — —
RAO3 -35 -239 11 — — — — —
RA04 24 -191 V3 — — — — —
RAO5S -23 -362 44 147 861 62.6 86.5 837
Huahine (16.74-16.8T'S, 151.06-151.04W)
HHO5 —-12 -313 7/7 44 88 1119 81 1465
HHO6 0.9 —-481 77 25 77.6 253 78.6 29.7
HHO7 —-15 —-283 6/7 50 877 1700 866 1749
HHO8 49 —264 6/6 24 844 —-91.2 843 —100.6
HH12 16.6 —136 6/6 51 711 —-90.4 71.0 —91.7
HH13 101 295 55 6.6 560 —1335 552 —13238
HH14 24.6 —-215 55 106 655 -71.0 65.9 —-713
HH15 262 20.7 55 306 — — —
Tahiti (17.52v17.78'S, 149.17149. 59W)
PUO4 20.3 —-623  6/7 4.1 58.9 14 59.3 2.2
PUO5 199 -334 77 6.1 711 —54.7 714 —55.0
PUO6 —-1742 321 10/10 51 -—-845 1189 —847 1556
TRO1 -10 -452 8§10 110 810 36.2 813 38.7
TRO2 —-80 —-238 66 51 806 1546 802 1564
THO2 125 —294  4/4 4.7 77.9 —66.3 78.1 —67.5
THO3 4.7 —-183 4/4 7.7 80.7 —-1196 805 1212
THO4 74 —-186 4/4 3.7 791 -1069 790 —108.3

130 out of 140 directions satisfy ags < 10°. These samples
have stable and relatively strong magnetizations of ~10-3
Am?/kg with high blocking temperatures and coercivities.
Their secondary components were efficiently removed by
350-450°C heating or by 10-20 mT AF cleaning. Most of
their MAD values in the principal-component analysis were
less than 5.0°.

On the other hand, primary components were extracted,
but the internal consistency was not good («gs > 15°) for
six sites. The magnetizations of the other six sites were too
weak (~10~* Am?/kg) to extract stable components. Since
we did not collect enough cores from the two sites of RA02b
and RAO3 in Raiatea, they gave only reference directions.
Therefore, results from these 14 sites were not incorporated
into the later statistical analyses.
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Table 2. Paleodirections and VGPs for the lava sequences at Maupiti,
Borabora, Tahaa, and Raiatea. Results are listed in sequential order
(bottom isthe older). Precise site localities are referred to in Fig. 1.

Site Dec Inc n/N a9 PLat PLong PLa’ PLond
Maupiti
(Sequence MP-A (16.48, 152.25W))
MP13 -38 — 5/5 53 829 1755 80.9 179.7
MP12 —-46 —20.1 5/5 5.8 824 170.6 80.4 175.8
MP11 24 —245 55 36 857 —1185 845 1342
MP10 0.3 —-294 55 79 89.2 1299 874 1646
MPO9 -30 -—-294 55 29 87.1 130.8 854 1535
MPO8 -55 278 55 38 845 1342 828 149.2
MPO7 —-48 -253 55 77 84.4 151.1 825 161.8
MPO6 -20 276 55 65 874 161.2 854 172.2
MPO5 —-10 -256 55 23 869 1698 849 1710
MPO4 —-47 -280 55 25 852 1361 836 152.0
MP0O3 0.0 —-253 55 24 869 —1530 850 —160.7
MPO2 33 —-250 55 37 854 -1079 844 1250
Borabora
(Sequence BR-A (16.58, 151.73W))
BRO7 -1769 246 77 42 853 67.6 —84.5 54.7
BR04 -1604 29.6 77 42 -712 1189 -719 1175
BRO5 -159.1 26.7 55 24 —-69.7 1142 -703 1130
BR0O6 —-1706 289 55 30 -809 1125 -814 105.6
(Sequence BR-B (16.43, 151.76W))

BR15 -159.2 422 77 28 —69.0 1439 -703 1441
BR14 -160.2 37.6 56 31 -—-707 1351 —-719 1345
(Sequence BR-C (16.58, 151.73W))

BR21 115 -394 55 65 776 -31.6 79.0 -329
BR20 6.4 —406 55 54 81.0 —-128 82.6 —-124
BR19 7.8 —413 55 53 79.8 -15.9 81.3 —-15.7
BR18 15.0 —-458 8/8 32 724 —-215 739 —20.6
Tahaa
(Sequence TA-A (16.68, 151.48W))

TAO3 1316 13.1 55 135 -417 -554 -408 -519

TA02 1241 5.8 49 615 — — — —
TAO1 165.0 -81 7/7 164 — — —
(Sequence TA-B (16.68, 151. 45W)
TAO7 —674 70.3 55 53 -11 176.0 —-25 178.6
TA06 —440 75.6 5/5 11.0 34 —170.0 20 —167.5
TAO5 —436 785 77 42 -02 -1666 —-16 —164.0
TAO4 144 68.5 4/5 118 204 —-1609 191 1585
(Sequence TA-C (16.68, 151.44W))
TA1l 1734 226 77 124 -819 -—-251 806 —189
TA10 -1736 214 55 69 -8l6 775 -8L2 707
TA09 -—-1778 205 55 33 —-836 47.9 —82.5 42.0
TA08 179.1 17.8 77 75 -824 217 —-81.1 20.6
(Sequence TA-D (16.68, 151.44W))
TA20 -168 -555 55 54 656 62.9 66.2 68.4
TA19 -129 -543 55 92 68.5 584 69.2 64.2
TA18 -265 -508 6/6 37 617 82.0 61.8 87.2
TAl7 -168 -59.0 7/7 59 62.6 574 63.4 62.5
TA16 -59 -609 57 77 64.2 38.7 65.3 43.3
TA15 —-230 -—-492 7/7 20 65.1 81.8 65.2 87.5
Raiatea
(Sequence RT A (16 85, 151. 3‘7W)
RT04 —20.0 525 6/7 — — —
RTO5 2.7 5.7 67 3.0 40.7 7148.4 396 —146.8
RTO6 —-45 59.9 5/5 4.8 323 1554 311 1535
RTO7 —473 67.8 37 28 10.7 —179.6 9.5 —177.4
RT10 —-414 -283 7/7 93 50.2 115.2 49.6 118.7
RT11 —-392 -—-247 55 88 52.0 119.1 514 122.6
(Sequence RT-B (16.83, 151.39W))
RT15 4.3 —-359 6/7 29 84.9 —235 86.0 —28.3
RT14 13 -352 55 24 871 32 88.3 8.7
RT13 5.0 —392 55 42 82.8 —-12.2 84.1 —-124
RT12 7.3 —-392 7/7 20 813 223 824 -236
(Sequence RT-C (16.85, 151.36W))
RT16 6.1 —-347 55 85 83.7 —-39.1 84.7 —45.3
RT17 58 —-364 56 133 835 286 846 —326
RT18 14.3 —247 6/7 49 75.6 —75.2 75.9 —77.9

All the measurement results are summarized in Table 1 for
the dikes and single lavas, and in Tables 2 and 3 for the lava
sequences. The VGP positions were calculated for 140 sites
with ags < 15°. The correction of the sampling localities for
the absolute motion of the Pacific plate was applied in the
VGP calculations.

4. Discussion

We take a threshold VGP latitude of 50° in the definition
of polarity. In other words, the VGP latitude of normal or re-
versed polarity is higher than 50°, and the intermediate sites
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Table 3. Paleodirections and VGPs for the lava sequences in Huahine,
Moorea, and Tahiti.
Site Dec Inc n/N ags PLat PLong PLa’ PLong
Huahine
(Sequence HH-A (16.88, 151.01W))
HHO3 47 —-173 55 27 808 —1206 802 1243
HHO2 6.6 -208 88 18 812 —-1033 809 -—1081
HHO1 31 —-228 7/7 18 842 1190 836 1259
HHO4 6.2 —212 55 20 816 -1044 813 -109.6
(Sequence HH-B (16.8%, 151.00W))
HH11 7.0 -268 6/6 44 827 —8L3 828 -8l
HH10 20.0 —343 6/6 47 708 —-51.9 715 —52.6
HH09 223 311 7/7 34 687 -578 693 -584
(Sequence HH-C (16.78, 151.04W))
HH16 9.9 —-346 7/7 21 803 —458 811 —488
HH17 6.7 —-408 55 29 809 —13.6 819 —-134
HH18 74 —-381 55 44 816 264 826 281
HH20 13 —-408 7/7 17 833 18.7 84.3 244
HH19 21 —391 55 23 842 9.0 85.3 13.3
HH21 48 —-375 55 19 838 —-17.2 84.9 —18.8
Moorea
(Sequence MR-A (17.59, 149.84W))
MRO1 1704 31.0 77 25 -808 -560 —-803 511
MR02 1726 295 55 38 -—826 —466 —821 —414
MR0O3  171.6 36.1 55 24 -81L7 -782 -8l5 -720
MRO4 1723 379 55 09 -819 -8.3 -818 -8L7
MRO5 1737 325 55 24 -840 -616 -836 —544
MRO6 1735 305 7/7 48 -—-837 500 —832 —439
MRO7  179.5 24.3 55 32 -851 25.0 —84.4 23.0
MR08 1729 30.2 44 48 -831 -—-494 -826 -—438
MRO9  163.6 34.1 55 46 -—-744 —-664 —-740 —62.7
MR10 170.7 26.1 55 36 -803 -—-379 -797 -341
MR11 1728 325 55 21 -832 —615 —-828 —55.0
MR12 1749 293 55 33 -—-847 -396 -—-841 -—-337
MR13 1725 255 55 39 -816 -311 -810 -274
MR14 1741 254 5/5 47 -829 -242 -822 -207
MR15 -171.7 232 55 57 -803 869 —802 838
MR16 1741 328 77 30 -844 -632 -840 -555
MR17 1799 302 55 78 -—-86 266 879 184
(Sequence MR-B (17.58, 149.77W))
MR18 — — (VA — — — —
MR19 -166.1 408 55 57 —757 1466 —763 1462
MR20 -177.0 54.0 55 6.6 -—-728 -1582 -735 -—155.9
MR21 1628 135 55 18 —-702 —294 —-695 —27.2
MR22  168.0 56.4 55 44 —-679 -1236 -683 -120.7
MR23 -1782 614 7/7 60 —-649 -1530 -—656 —150.9
MR24 1685 55.1 55 45 -692 -1226 -69.6 -—1195
MR25 1718 579 56 33 —678 -1327 -683 -129.9
MR26  167.9 55.7 55 34 -684 -—-1225 -688 —119.6
MR27 -1630 455 55 42 -—-717 1543 —724 1546
MR28 -1758 316 55 39 -8.0 1154 -863 1063
MR29  176.7 -02 55 38 -721 195 —714 20.0
MR30 — — [Vra— — — — —
MR31  177.7 51.9 55 34 -748 -1423 -754 —139.2
MR32 -1743 680 7/7 36 -562 -1562 -569 -—1544
MR33  162.6 60.7 55 52 -616 -121.8 -620 -119.3
Tahiti
(Sequence PU-A (17.68, 149.57W))
PUO3 1621 356 36 81 -729 -694 727 -—67.3
PUO2 — — 06 — — — — —
PUO1  160.8 331 77 46 -—-718 —-639 -716 —619

are for the VGP located between 50°N and 50°S. Apply-
ing the plate-motion correction, 82 normal, 48 reversed, and
10 intermediate pal eofields have been observed (Tables 1, 2
and 3). If an aternative threshold latitude of 45° or 55° is
taken, one intermediate VGP (RT10) is changed to a normal
one, or one normal VGP (RT11) is changed to an intermedi-
ate one. The overall feature is, however, unchanged so that
the polarities in the present data set are considered to be ro-
bust against the selection of a threshold latitude of around
50°.
4.1 VGP positions

The resultant polarities are likely to be consistent with the
geomagnetic polarity timescale of Cande and Kent (1995)
on the basis of previous geochronological studies (see Sec-
tion 2). All the VGP positions areillustrated in Fig. 3, where
two sequences of intermediate VGPs are observed from the
lava sequences of TA-B (TA04, TAO5, TA06 and TAQ07) and
RT-A (RT10, RT07, RT06 and RT05). These VGPs appear to
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Fig. 3. Equal area projections of the VGP positions. Close and open circles
arein the Northern and Southern Hemispheres, respectively. Star denotes
the sampling sites. Arrows indicate the transitional VGP paths observed
from the two lava sequences (TA-B and RT-A).

be clustered in the mid-Pacific region. Thisis quite different
from the preferred longitudinal bands of the transitional VGP
path (Laj et al, 1991) but this clustering shows similar be-
havior to that of the N-N excursion from Huahine (2.91-3.08
Ma; Roperch and Duncan, 1990). Considering the formation
ages of Tahaa (2.8-3.2 Ma) and Raiatea (2.44-2.75 Ma), the
two sequences might record the same excursion, although a
precise age determination will be necessary for more detailed
comparison.

Excluding theintermediates, the VGP positions seem to be
distributed around the geographic poles (Fig. 3). If we apply
the Bingham statistics to the combined VGPs, the elongation
parameter (asp/a31; Tanaka, 2000) is calculated to be 1.15.
Since azy/a3; for the corresponding field directions results
in 1.42, the VGP distribution is more Fisherian than that of
the field directions. It is a similar behavior for the past 5
Ma Hawaiian data set (Tanaka, 2000), but this featureis less
pronounced if the plate-motion correction is not taken into
account; agp/az; is1.21 for the VGPs and 1.34 for the field
directions. Therefore, the effect of absolute plate motion is
not negligible for the precise analysis.

We aso calculated mean VGPs for the normal, reversed,
and combined data set (Table 4). The combined data set
shows a small amount of offset from the geographic pole,
but it is comparable with Ags. If plate-motion correction
is not applied, the offset becomes about 1° larger than that
with correction (Table 4). Thissuggeststhat the plate-motion
correction reduces the offset of VGPs.

4.2 Paleosecular variation

As 95 out of 140 directions were obtained from the lava

sequences (Tables 2 and 3), the serial correlation test (e.g.
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Table 4. Summary of mean VGP positions, ASD and inclination anoma-
lies before and after plate-motion correction. N, number of data; Lat,
Long, VGP latitude and longitude; Ags, 95% confidence circle; ASD, an-
gular standard deviation around the mean VGP and its 95% limits; Al,
inclination anomaly.

N mean VGP
Lat Long Ags
before the plate motion correction

ASD Al

Normal 83 85.8° 3425° 2.9° 144° (+1.8°,—1.4°)

Reversed 48 —-86.4° 215.6° 4.1° 15.7° (+2.5°, -1.9°)

Combined 131 86.4° 359.4° 2.3° 14.9° (+1.4°,—1.1°) —-3.4°
after the plate motion correction

Normal 82 86.8° 3314° 2.8 138° (+1.7°,-1.3°)

Reversed 48 —-87.1° 227.8° 4.1° 156° (+2.6°, —1.9°)

Combined 130 87.5° 356.0° 2.3° 14.6° (+1.3°,—-1.2°) —1.7°

McElhinny et al., 1996b) may conceivably be applied. How-
ever, Love (1998) showed that directional changes of a few
degreeswere occasionally accompanied by intensity changes
of tens of microteslas. He concluded that grouping based
on directional similarity was quite risky. In this study, we
tentatively treat all the measured directions as independent
ones. The ASD for the combined VGPs around the mean
(N = 130) was calculated by subtracting within-site angular
dispersion (Sy = 5.4°) from total dispersion (Sr = 14.7°).
Since the resultant ASD (Sg) of 14.6° (+1.3°, —1.2°) isdl-
most the same as Sy, the errors of the site mean direction
(ag5) do not seriously affect the present ASD.

This ASD is thought to be reliable for the past 5 Ma
PSV in the Society Islands, although the ASD is sometimes
seriously dependent on a cut-off angle (e.g. Chauvin et al,
1990; Shibuya et al,, 1995). This is because the polarities
of the present data set is almost insensitive to a VGP cut-
off angle of around 50°, as stated at the beginning of this
section. Evenif the alternative cut-off angles (VGP latitudes)
are adopted, the ASDs result in 14.9° and 14.2° for cut-
off angles of 45° and 55°, respectively, which are not so
different from S of 14.6°. Thisestimation is dightly larger
than the previous results of 13.8° (+2.1°, —1.6°) by Duncan
(1975), 13.9° (+1.7°, —1.2°) by Chauvin et al. (1990), and
the Model G for the past 5 Ma (McFadden et al, 1988,
1991). However, they are statistically indistinguishable at
a 95% confidence level.

4.3 Time-averaged inclination

Time-averaged inclination is calculated to be —34.7°
(xgs = 2.6°) from the combined data set (N = 130) after
plate-motion correction. Since the inclination of the GAD
field corresponds to —33.0° for the mean corrected site lati-
tude (18.0°S), the time-averaged inclination does not show a
significant anomaly at a 95% confidence level. However, the
situation is changed if the plate motion is not taken into ac-
count. For example, the mean site latitude is calculated to be
16.9°S and the corresponding GAD inclination is —31.3°.
Degpite the fact that one intermediate direction (RT10) is
converted to a normal one (N = 131), the mean inclina-
tionis gtill preserved. Asaresult, an inclination anomaly of
—3.4° would be observed at a statistically significant level
(Table 4).

The above result demonstrates the importance of the cor-
rection for the absolute plate motion. As the usua analy-
sis concerning the inclination anomaly requires a resolution
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of 1°, the plate-motion correction cannot be ignored, espe-
cially for the mid-Pecific region. Thisis because the Pacific-
plate motion has evoked an ~2° latitudinal change in sam-
pling sites near the Equator over 5 million years, resulting
in an ~4° inclination change of the GAD field. Johnson and
Constable (1997) reported an inclination anomaly of —8.2°
in the Hawaiian Idands for the past 5 Ma normal polarity
data, but it may partly be ascribed to the plate motion.

4.4 Analysis combining with the previous data

It is of some vaue to integrate the previous data
(Chauvin et al, 1990; Duncan, 1975; Roperch and
Duncan, 1990) into our data for further discussions. If we
analyze all the available data set together after the correc-
tion for the absolute plate motion, the mean VGP locates at
88.7°N, 59.1°W, with Ags = 1.7° (N = 306). Its position
is amost at the geographic pole, and the VGPs distribution
is circular around the mean (as2/a3; = 1.09). On the other
hand, the distribution of the field directions does not seem to
be Fisherian (w32/w3; = 1.48). These are similar to those
from our data set alone.

Asfor the ASD, itiscalculated to be 16.2° (+1.0°, —0.9°)
for the combined data set (N = 306), which is 1.6° larger
than our ASD in Table 4. It is mainly due to the number of
relatively lower latitudinal VGPs reported by Roperch and
Duncan (1990). If their data are excluded from the analysis,
the ASD is changed to be 14.5° (+0.9°, —0.9°, N = 258).
Thisis consistent with that from our data set alone and also
with the Model G for the past 5 Ma (McFadden et al.,, 1988,
1991). Since Roperch and Duncan (1990) mainly captured
the excursional geomagnetic field, the latter ASD is more
suitable for the past 5 MaPSV.

The combined data set (N = 258), excluding Roperch
and Duncan (1990), also gave a time-averaged inclination
of —32.1° (ags = 2.0°). As the corresponding GAD incli-
nation is estimated to be —33.6°, no significant inclination
anomaly is observed. This situation is unchangeable, even
if the plate motion is not corrected; the data set (N = 259)
yields the TAF and GAD inclination of —32.1° (ag5 = 2.0°)
and —31.7°, respectively. Thisis probably because the plate-
motion correction is less important for the young-aged data
(N = 82) from Chauvin et al. (1990). Thus we test the
combined data of Duncan (1975) and our study. The resul-
tant Al iscalculated to be —2.5° (xgs = 2.2°) without the
plate-motion correction, whereasit is calculated to be —0.9°
(o5 = 2.1°) with correction. Therefore, it isagain suggested
that if we treat the paleomegnetic data spanning 5 Ma, the
plate motion is not negligible. It is aso noted that Duncan’s
(1975) data does not seem to be heavily contaminated by
secondary components.

5. Conclusions

A paleomagnetic study has been performed on 0-5 Ma
volcanic rocks from the Society Islands, French Polynesia.
After plate-motion correction, 82 normal, 48 reversed, and
10 intermediate directions were observed. The combined
data set (N = 130) gave a mean VGP at (87.5°N, 4.0°W)
with Ags = 2.3°, and yielded an ASD around a mean of
14.6° (+1.3°, —1.2°). Although this data set does not show
a significant inclination anomaly for the TAF, an apparent
anomaly of —3.4° would be observed at a 95% confidence
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level (wgs = 2.6°) if the plate motion is not taken into
account. This suggests that correction of the absolute plate
motion isrequired for the precise analysis of paleodirections,
especidly in the lower latitude region of the Pacific Ocean.
Thesefeatures are still preserved, even if the previous studies
are incorporated into the present analysis.
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