
Earth Planets Space, 53, 817–827, 2001

A Brunhes-Matuyama polarity transition record from anoxic sediments
in the South Atlantic (Ocean Drilling Program Hole 1082C)
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A paleomagnetic study was performed on Hole 1082C sediment cores taken during the Ocean Drilling Pro-
gram (ODP) Leg 175 in the South Atlantic in order to obtain a high-resolution Brunhes-Matuyama (B/M) polarity
transition record. An average sedimentation rate was as high as 10 cm/kyr. The cores consist of strongly anoxic
sediments, which is common for the areas of large material supply. Anoxic sediments, which are geochemically
quite active, were considered to be unsuitable for studies on detailed behavior of the geomagnetic field such as
polarity transitions. For global site distribution, however, it is necessary to make efforts to retrieve paleomagnetic
records from such sediments. A continuous record of directional changes around the transition was obtained from
U-channel samples after cleaning by stepwise alternating-field (AF) demagnetization. Consistency of the record
was checked using discrete samples taken from the other half of the cores. The coring-induced magnetic overprint
of radial-inward direction, which has often been reported from ODP piston-cores, was negligibly small in our cores.
Relative paleointensity variation was estimated from remanent intensities of the discrete samples normalized by ar-
tificial remanences. Our record shows following features of the B/M transition similar to those already reported
by previous studies. A zone of large directional fluctuations with low paleointensities occurs just before the main
transition (788 to 795 ka based on the oxygen-isotope stratigraphy), which would correspond to the “precursor” of
Hartl and Tauxe (1996). The virtual geomagnetic poles (VGPs) at the precursor lie along the so-called preferred
longitudinal bands over the north-south Americas and Australia-east Asia. After the main transition from the re-
versed to normal polarity, VGPs stayed in the middle-to-high latitudes over the North America with an intermediate
paleointensity for about 5 kyrs, and then moved in the vicinity of the North Pole with full recovery of intensity.
Such behavior was reported by Oda et al. (2000). These similarities suggest that the anoxic sediments at Site 1082
could record the behavior of the geomagnetic field rather faithfully, although the remanence may be of chemical
origin.

1. Introduction
Polarity reversal is the most spectacular among the geo-

magnetic field variations. For understanding better the
mechanism of the geodynamo, it is important to document
detailed behavior of the geomagnetic field during polarity
reversals. Recent progress in numerical modeling of the
geodynamo, which has succeeded to simulate a polarity re-
versal (Glatzmaier and Roberts, 1995), urges paleomag-
netists to produce high resolution paleomagnetic records of
polarity reversals for testing the models. However, a reversal
completes in a geologically very short period of time, which
makes it difficult to be recorded at evenly distributed sites
on the globe with high enough resolution.
Based on virtual geomagnetic pole (VGP) positions dur-

ing polarity transitions recorded in marine sediments or sed-
imentary rocks, it has been suggested that VGPs are tend to
be confined to two antipodal longitudinal bands; one is over
the eastern Asia and Australia and another along Americas
(Clement, 1991; Laj et al., 1991), and these bands coincide
with regions of fast p-wave propagation in the lowest man-
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tle (Laj et al., 1991). The “preferred path” hypothesis has
been debated intensively since then; for example, statistical
significance including the dependence on the distribution of
observation sites (Valet et al., 1992; McFadden et al., 1993),
relation with the configuration of the present field and paleo-
secular variation (Constable, 1992; Gubbins, 1994), and a
link with a dynamo model (Gubbins and Sarson, 1994). Re-
liability of transitional records from sediments has, in par-
ticular, been suspected (Langereis et al., 1992; Van Hoof
and Langereis, 1992; Prevot and Camps, 1993; Barton and
McFadden, 1996). On other hand, it has been proposed
that VGPs from volcanic rocks make clusters in a few geo-
graphical areas including Australia and the South Atlantic
(Hoffman, 1992). Recent high-resolution transition records
from sediment cores in the North Atlantic (Channell and
Lehman, 1997; Mazaud and Channell, 1999) showed that
VGP tracks are characterized by a stop-and-go feature with
some hang-up points and that substantial smoothing by
slower sedimentation rates results in the confined VGP
paths. They provided a link between the preferred longitudi-
nal bands from sediments and the VGP clusters from lavas,
and suggested that sediments with high deposition rate may
record changes in the geomagnetic field rather faithfully.
Rapid sedimentation, however, usually accompanies large
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Fig. 1. Location of coring site. Bathymetric contours are at 500 m intervals.

supply of organic matter, which result in a reduced sedimen-
tary environment. Such anoxic sediments have been con-
sidered to be unsuitable for paleomagnetic studies, because
they are geochemically quite active and commonly suffer
from secondary precipitation and/or dissolution of magnetic
minerals. An exception is sediment drifts having low or-
ganic contents in spite of rapid sedimentation, from which
high-quality polarity-transition records were reported
(Channell and Lehman, 1997; Mazaud and Channell, 1999).
Unfortunately, occurrence of sediment drifts is geographi-
cally very limited. Global and even distribution of paleo-
magnetic records is required for understanding the behav-
ior of the geomagnetic field during a polarity transition, and
thus paleomagnetists should make effort to derive reliable
records from anoxic sediments.
We carried out a paleomagnetic study in order to obtain a

record of the Brunhes-Matuyama (B/M) polarity transition
from anoxic sediments of high deposition rate in the South
Atlantic. The area is the least well covered region for the
B/M transition records (Love and Mazaud, 1997). We show
the possibility that even anoxic sediments could preserve pa-
leomagnetic signals, and discuss characteristics of the B/M
polarity transition.

2. Materials
We studied the B/M polarity transition recorded in sedi-

ment cores from Hole 1082C (21◦05.67′S, 11◦49.23′E),
which were taken during ODP Leg 175 (Fig. 1). The main
purpose of the leg was to investigate the paleoceanography
of the Angola-Benguela currents, and thirteen sites were oc-
cupied off the western coast of Africa between 5◦ and 32◦S
(Wefer et al., 1998). Site 1082 is located in the Walvis Basin
in a water depth of 1280 m. Nannofossil- and foraminifer-
rich greenish clay was deposited during the late Pleistocene
with an average sedimentation rate of about 100 m/m.y.
(Shipboard Scientific Party, 1998). The B/M polarity bound-
ary (0.78 Ma; Cande and Kent, 1992) occurs at about 80
meters composite depth (mcd). The high sedimentation rate
of these cores is suitable for deriving a high resolution B/M
transition record. Total three holes were cored at Site 1082,
but in Holes 1082A and 1082B, the B/M transition was miss-
ing partly or completely because of core breaks. Precise age
control of Site 1082 sediments was given by the oxygen-
isotope stratigraphy (John et al., personal communication).
The result is consistent with the magnetostratigraphy, which
will be discussed later.
The site lies close to the major upwelling center along the
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coast of southwest Africa, and the sediments have a high
total-organic-carbon (TOC) content. The average at Site
1082 is about 5 wt%, and sulfate reduction was completed
within the top 20 m of the sediments (Murray et al., 1998).
Sediments of high deposition rate have high organic carbon
content in general, and such sediments are often thought to
be unsuitable for paleomagnetic studies. We, however, con-
sider we should not refuse Site 1082 sediments only because
they are anoxic. In a moderately reduced environment, the
oxic-anoxic boundary occurs in a sediment column within
tens of centimeters to several meters from the top, which
accompanies brown-to-green color change. In these sedi-
ments, dissolution and precipitation of magnetic minerals
take place near the boundary (Karlin et al., 1987; Tarduno
and Wilkison, 1996), and the secondary chemical remanent
magnetization (CRM) may interfere or overcome the origi-
nal detrital remanent magnetization (DRM). Such sediments
cannot be used for paleomagnetic studies. In a strongly re-
duced environment like Site 1082, however, sediment col-
umn has quite thin or no oxidized layer at the top, and CRM
could be interpreted as primary remanence even if it occurs
because the lock-in depth of the CRM would be very small
in this case. In the Site 1082 sediments, no color change in-
dicative of the oxic-anoxic boundary was observed visually
and in the spectrophotometry (Shipboard Scientific Party,
1998). We thus consider these sediments may preserve pa-
leomagnetic field behavior.
Severe and rapid loss of remanent magnetization occurred

during storage of the Site 1082 cores, with less than 10% of
the initial intensity remaining a few months after core recov-
ery (Yamazaki et al., 2000). The loss of magnetization was
found commonly in the sediment cores taken during ODP
Leg 175. A rock magnetic study of Yamazaki et al. (2000)
indicated the presence of magnetite in the sediments even
after the completion of sulfate reduction, and magnetization
attributable to magnetite decreased with the loss of magne-
tization. It is hence considered that the transformation of
magnetite into non-magnetic phases after core recovery is
responsible for the loss of magnetization, although contri-
bution of iron-sulfides like greigite is not clear. Comparison
of onboard and onshore measurements indicated that direc-
tions of remanent magnetization did not change. Variations
in remanent intensity after the loss of magnetization were al-
most parallel to the original variations. We consider that the
original remanent directions are preserved even after the loss
of magnetization, and thus these sediments could be used for
a study on the B/M transition.

3. Measurements
Each 1.5 m section of the Hole 1082C cores was sampled

from the working half using U-channel samplers. The U-
channels are 1.5 m in length with a 2 × 2 cm square cross
section and a clip-on lid along one of the sides. Discrete
samples of 7 cm3 were taken from the temporary archive
half at 10 or 20 cm intervals between 76 and 84 mcd, which
were already demagnetized by alternating field (AF) up to
20 mT at half-core measurements onboard JOIDES Resolu-
tion.
Remanent magnetization of both U-channels and discrete

samples was measured using a pass-through DC-SQUIDS

magnetometer (2G Enterprises 760) with a standard 7.6 cm
access at the Geological Survey of Japan (GSJ). The mea-
surements of the U-channels were carried out at 0.5 cm in-
tervals, but each data point is not independent because the
half width of the response function of the pick-up coils is
about 9 cm. The GSJ magnetometer has an in-house de-
signed sample-tray system with a magnetic moment on the
order of 10−11 Am2, which is significantly less magnetic
than the one provided by the manufacturer of the magne-
tometer.
Remanent magnetization of the Site 1082 sediments, as

well as other cores of ODP Leg 175, was very weak, 10−3

to 10−5 A/m, which was an order of magnitude larger before
the loss of magnetization (Yamazaki et al., 2000). Magnetic
susceptibility of the Site 1082 sediments is dominated by
paramagnetic materials. Progressive AF demagnetization of
natural remanent magnetization (NRM) was carried out at
peak fields of 20, 25, 30, 35, 40, and 50 mT for discrete
samples (Fig. 2). Remanent directions were determined us-
ing the principal component analysis (PCA) (Kirschvink,
1980). Remanent magnetization after AF demagnetization
of 20 mT and higher consists of single component. Vector
end-point diagrams, however, show relatively large scatter
in the vicinity of the polarity reversal partly because the in-
tensities were particularly low, an order of 10−5 A/m, which
is close to that of the sample tray. The maximum angular
deviation (MAD) of Kirschvink (1980) ranges from 10◦ to
30◦ for the samples from the interval between 79.2 and 81.6
mcd. The MADs outside this depth interval are less than
10◦. A few samples with MADs larger than 30◦ were re-
jected. Demagnetization paths of some samples go towards
a point which is apart from the origin (Fig. 2). This is prob-
ably due to an error in correction for magnetization of the
sample tray, but not the presence of a higher coercivity com-
ponent.
Stepwise AF demagnetization of U-channel samples was

carried out at peak fields of 5, 10, 15, 20, and 25 mT. A
steep downward component acquired probably during cor-
ing was erased at AF of 10 mT. Remanent directions did
not change significantly at demagnetization steps of 10 mT
and higher (Fig. 3), and we adopt directions after AF demag-
netization of 20 mT as characteristic directions. Resolution
of U-channel remanent magnetization records can be en-
hanced by applying deconvolution (Oda and Shibuya, 1996,
1998). Because of the very low remanent intensities, how-
ever, signal-to-noise ratios of some intervals in Hole 1082C
record were not high enough for obtaining reliable solutions
in the deconvolution. All records presented in this paper are
before deconvolution.
Remanent directions of discrete samples derived from

PCA and those of U-channels after AF demagnetization of
20 mT agree in general (Fig. 4). The consistency indicates
that the magnetic overprint of a radial inward direction
which has often been reported from ODP piston-cores and
can cause erroneous polarity transition records (Herr et al.,
1998) is negligibly small in general in the Hole 1082C sed-
iments. An exception is that a swing of declination at about
79.9 mcd appeared only on the U-channel record. But only
one discrete sample at 79.9 mcd corresponds to the interval
of the swing, and its magnetization was particularly weak.
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Fig. 2. Orthogonal plots of progressive alternating-field (AF) demagnetization on discrete samples from the temporary archive half of Hole 1082C cores.
AF demagnetization of 20 mT was applied at half-core measurement onboard JOIDES Resolution. Solid (open) circles are projection of vector endpoints
on the horizontal (vertical) planes. Cores are not oriented azimuthally.
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Fig. 3. Changes in remanent direction and intensity during stepwise AF demagnetization on U-channels from the working half of Hole 1082C cores. Top
and bottom 10 cm of each section are shaded, where data were distorted by ends. Declinations are relative.

U-channels have a larger effective volume and thus higher
signal-to-noise ratios at the measurement than discrete sam-
ples. We hence consider that the U-channel record is more
reliable in these cores.
Experiments on artificial remanent magnetization acquisi-

tion were carried out to determine magnetic properties of the
sediments, which is used to estimate relative paleointensity
variations. Anhysteretic remanent magnetization (ARM)
was given by superimposing a DC biasing field of 0.1 mT
on a smoothly decreasing alternating field with a peak of
80 mT. With a pulse magnetizer, isothermal remanent mag-
netization (IRM) of 0.3T was imparted on a sample in the
opposite direction after an IRM of 2.5T was given, and S
ratios (S−0.3T) were calculated according to the definition
of Bloemendal et al. (1992). S ratio indicates relative abun-
dance of high-coercivity magnetic minerals such as hematite
compared with low-coercivity minerals like magnetite, and

higher S ratio means higher proportion of low-coercivity
minerals.

4. Results
4.1 Direction of remanent magnetization
Based on the remanent directions, the record shown in

Fig. 4 can be divided into three intervals: the reversed po-
larity below 82 mcd, the transition zone between 79 and 82
mcd, and the normal polarity above 79 mcd. Remanent di-
rections before and after the transition are almost antipo-
dal. Relative declinations shifted about 180◦. Inclinations
outside the transition zone are close to those expected from
the hypothetical geocentric axial dipole field (±37.5◦) at the
site latitude (21◦S), although the inclinations after the tran-
sition are a little steeper than those before the transition. The
slight difference is possibly due to non-dipole components
or small magnetic overprint remained.



822 T. YAMAZAKI AND H. ODA: BRUNHES-MATUYAMA POLARITY TRANSITION

Fig. 4. Comparison of remanent magnetization on discrete samples from temporal archive halves of the cores (open squares) and U-channels from working
halves (solids). Directions of discrete samples are based on the principal component analysis, while directions of U-channels and intensities of both are
after AF demagnetization at 20 mT. Declinations are relative. The agreement between the two halves indicates that the radial-inward magnetic overprint
often reported from ODP cores is negligibly small.

Rapid and large fluctuations of declinations took place be-
tween 81.0 and 81.5 mcd. Inclinations reached to a value of
a full reversal. Then directions returned to the reversed po-
larity and settled again, which had lasted for about 0.8 m.
A shift from positive to negative inclinations with a flip of
declination occurred at 80.2 mcd, which would correspond
to the B/M polarity boundary. Considering that each data
point is not independent because of the smoothing by the
measurement procedure, the shift should have been quite
abrupt. Immediately after that, a swing-back of declination
occurred between 79.8 and 80.0 mcd. Inclinations, however,
showed a little steeper negative values at these depths rather
than returning to the positive values.
4.2 Normalized intensity
Remanent magnetization intensities of discrete samples

were normalized by ARM and saturation isothermal rema-

nent magnetization (SIRM) (we regard the IRM acquired at
2.5T field as SIRM) (Fig. 5) to estimate relative paleointen-
sity variations around the B/M boundary. Results of nor-
malization by SIRM and ARM agree well. This indicates
that magnetic grain-size change is not significant because
the changes could result in variations in the ratio of ARM to
SIRM. Concentration of magnetic minerals varies one order
of magnitude or more, however, which was estimated from
the acquisition of ARM and IRM (Fig. 5). The sediments
of Hole 1082C thus did not fulfill the criteria of reliable rel-
ative paleointensity (Tauxe, 1993). The variations of ARM
and IRM are inversely correlated with the total reflectance
of the spectrophotometry (Fig. 5). In the Hole 1082A sed-
iments during the Brunhes, total reflectance are positively
correlated to calcium carbonate content (Shipboard Scien-
tific Party, 1998); total reflectance of 30 to 50% corresponds
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Fig. 5. (a) Remanent intensity normalized by ARM and IRM at 2.5T, which reflects first-order changes in relative paleointensity at the polarity transition,
from discrete samples of Hole 1082C, (b) acquisition of ARM and IRM, (c) S ratio (S−0.3T), and (d) total reflectance (L∗) of spectrophotometry. Calcium
carbonate contents are positively correlated to L∗ in Hole 1082A sediments (Shipboard Scientific Party, 1998).

to calcium carbonate of about 10 to 70%. The negative cor-
relation of IRM and ARM with total reflectance suggests
that dilution by the carbonate component is responsible for
their variations.
Some changes in composition of magnetic minerals are

suggested from S ratios. S ratios between 79 and 82 mcd are

somewhat lower than those outside this depth interval, indi-
cating that the proportion of high-coercivity magnetic min-
erals increased with the decrease in concentration of mag-
netic minerals (Fig. 5). Even in the low S ratio interval, re-
manent magnetization is dominated by low-coercivity min-
erals, probably magnetite, and thus the S ratio variations
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would not considerably alter relative paleointensity estima-
tion.
The loss of remanent intensity after core recovery may

also have affected the normalized intensity. We consider
that relative paleointensity information has still been pre-
served in the sediments because NRM intensity variations
before and after the loss of magnetization were almost paral-
lel (Yamazaki et al., 2000), and that dissolution of magnetic
minerals destroys both NRM intensity and the normalizers,
ARM and SIRM. The dissolution can cause magnetic grain-
size changes (Yamazaki et al., 2000), which would affect
both ARM and IRM but in a different way. But the simi-
larity of the records normalized by ARM and IRM suggests
that the effect in relative paleointensity estimation was small
if any. In summary, the sediments of Hole 1082C showed
some rock-magnetic inhomogeneity, and are not ideal for
relative paleointensity determination. However, we consider
it is still possible to derive first-order variations in relative
paleointensity, and regard the normalized intensity as rela-
tive paleointensity.
Decrease in relative paleointensity at the B/M transition

started somewhat earlier than directional changes (Figs. 4
and 5). The intensities during the transition were 5 to 10%
of those before and after the transition. Intensity minima
occurred at about 80.0 and 81.0 mcd, which correspond to
the main polarity reversal and the fluctuation before that, re-
spectively. The intensity showed some recovery between the
two minima. Between 79.0 and 79.8 mcd after the second
minima, the intensity remained at an intermediate strength
between that at the minima and after full recovery. Intensi-
ties after full recovery did not differ significantly from those
before the transition.

5. Discussion
We have attempted to recover a B/M polarity transition

record from Hole 1082C. The measurements, however,
proved some problems in reliability of the record. The
anoxic sediments showed extremely low magnetization in-
tensity and rather noisy demagnetization diagrams. They
also have some rock-magnetic inhomogeneity. Mechanism
of remanent magnetization acquisition is ambiguous; pos-
sibly CRM. We, however, discuss here that our record dis-
plays features similar to the characteristics of the B/M polar-
ity transition reported by previous studies, and suggest the
possibility that anoxic sediments could be used for studies
on polarity transitions.
5.1 “Precursor” of the B/M transition
The B/M polarity transition record from Hole 1082C re-

vealed a zone of large directional fluctuations with low in-
tensities about 1 m below the main transition. The occur-
rence of double paleointensity drops at the B/M transition
has already been reported by Kent and Schneider (1995) and
Hartl and Tauxe (1996). The reversal occurred at the second
minimum, and the earlier one, called “precursor” by Hartl
and Tauxe (1996), is considered to have caused by geomag-
netic field instability just before the transition. The “pre-
cursor” is estimated to have occurred ca. 15 kyrs before the
main transition. Some previous “precursor” records accom-
pany directional excursions, but others show only intensity
drops (Hartl and Tauxe, 1996). This discrepancy is probably

due to the difference in resolution depending on sedimen-
tation rates. The directional excursion could be caused by
viscous remanent magnetization (VRM) of Brunhes age, but
we estimate that the VRM is not significant in our records
because of the similar normalized intensity before and after
the B/M transition.
Precise age-control of the polarity transition record from

Hole 1082C was achieved by the oxygen-isotope stratigra-
phy. Oxygen-isotope ratios (δ18O) were measured on Hole
1082A cores (John et al., personal communication), and
transferred to Hole 1082C using the composite depth
(Fig. 6). Interpretation of the δ18O record is not straightfor-
ward, partly because of a core-break between 81.4 to 83.0
mcd at Hole 1082A. If we assign δ18O stage 18.4 (754
ka, Bassinot et al., 1994) to a minimum at 77.5 mcd, and
stage 20.2 (793 ka) to a drop at 81.4 mcd, the average sedi-
mentation rate between the two control points becomes 10.0
cm/kyr, which is almost the same as the average during the
Brunhes Chron, 10.3 cm/kyr. Assuming a depth lag of 2 cm
for the post-depositional remanent magnetization (pDRM)
acquisition (Tauxe et al., 1996) (or chemical lock-in depth
of 2 cm), the main transition at 80.2 mcd is dated as 781
ka, and the fluctuation from 80.9 and 81.6 mcd is from 788
to 795 ka. The occurrence of the fluctuation correlative to
the “precursor” at the horizon close to the expected age sug-
gests that the anoxic sediments we studied have preserved
the variations of the geomagnetic field. The agreement of
the age of the main transition with the known age for B/M
boundary supports the idea that the lock-in depth of the re-
manent magnetization of this sediments is small enough to
be interpreted as primary even if it is of CRM origin.
5.2 VGP positions
We calculated VGP positions (Figs. 6 and 7) from char-

acteristic directions of the remanent magnetization on U-
channels (Fig. 4). Orientation of the cores was performed by
rotating the mean declination of U-channels after the com-
pletion of the polarity transition from 76 to 78 mcd to the
north. Then, we compare the features of our record with the
previous records to see whether they have similarities.
VGP paths at the precursor between 81 and 81.5 mcd

passed two longitudinal bands; one was between 90◦ and
120◦E, and the other between 60◦ and 120◦W (Fig. 7). VGPs
of the reversed-to-normal transition at 80.2 mcd tracked
northward over the central Pacific rapidly. Immediately after
that, a large swing of VGPs occurred from the North Amer-
ica to the east of Australia. This corresponds to directional
changes on U-channels between 79.8 and 80.0 mcd, but was
not detected by discrete samples. Between 79.2 and 79.8
mcd after the swing, VGPs stayed in the middle to high
latitudes of the northern hemisphere, at about 30◦ to 60◦N
over the North America. However, the VGP positions in
this interval may not be reliable because of the discrepancy
of about 40◦ in declination between U-channels and discrete
samples. VGPs finally moved to the vicinity of the north
pole at about 79 mcd and settled there.
The VGP paths at the precursor lie close to the so-called

preferred longitudinal bands (Clement, 1991; Laj et al.,
1991), and are about ±90◦ from the longitude of the obser-
vation site (11◦E). The reliability of sediments to record di-
rectional changes during polarity transitions remains highly
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controversial (e.g., Langereis et al., 1992; Quidelleur et al.,
1995). In particular, Barton and McFadden (1996) showed
that the confinement of VGPs 90◦ away from their site longi-
tudes occurs if extreme inclination shallowing happens un-
der low geomagnetic-field intensities during polarity transi-
tions. In our record, VGPs at the main transition and the
swing after it do not follow the two longitudinal bands, al-
though relative paleointensities at these intervals are as low
as those at the precursor. We thus consider that the inclina-
tion shallowing would not be serious unless magnetic prop-
erties of the sediments including grain size and shape differ
significantly at the precursor interval and more susceptible
to inclination shallowing than other intervals, and we do not
have any evidence for such magnetic property changes.
Oda et al. (2000) suggested based on the B/M transition

records of ODP Leg 124 sediments and some other records

that after the main transition VGPs temporarily stayed in the
middle to high latitudes over the North America for about
4000 years with an intermediate field intensity and then
moved to the north pole with full recovery of the intensity.
The Hole 1082C record just after transition has similar fea-
ture. Relative intensity between 79.0 and 79.8 mcd showed
an intermediate strength between that at the transition and
after full recovery (Fig. 6). The VGPs of this interval also
stayed over the North America (Fig. 7), although these po-
sitions our record may not be reliable. The duration of the
intermediate intensity was about 5000 years. There is a pos-
sibility that the geodynamo has a meta-stable state with a
field configuration close to a dipole. Further investigations
are needed to know if the meta-stable state occurs in other
reversals.
Based on the average sedimentation rate of 10 cm/kyr, a
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Fig. 7. Geographical movement of virtual geomagnetic pole (VGP) positions during Brunhes-Matuyama transition (top), and variation of VGP latitudes
with depth of the cores from Hole 1082C (bottom). VGPs from 82.1 to 78.2 mcd were plotted. VGPs around the main transitions are presented in green,
whereas fluctuations before and after the main transitions are shown in blue and red, respectively.

period of time required for each of the two VGP loops in our
“precursor” record was estimated to be about 2 kyrs, which
is similar to the period of the westward drift of non-dipole
components (Yukutake and Tachinaka, 1969). The swing of
VGPs about 2 kyrs after the main transition also took about
2 kyrs. It is thus estimated that these fluctuations would be
manifestation of the drifting non-dipole components which
would have dominated the geomagnetic field when the axial
dipole field was weak.

6. Conclusions
We have conducted a paleomagnetic study of the Hole

1082C sediment cores in order to obtain a B/M polarity tran-
sition record. The cores consists of strongly anoxic sedi-
ments, and their remanent magnetization may be of CRM,
which were considered to be unsuitable for polarity-tran-
sition studies in general. Our record has, however, showed
following features similar to the characteristics of the B/M
polarity transition reported by previous studies.
(1) A zone of large directional fluctuations with low

paleointensities has been found at about 1 m below the main
transition, which would correspond to the “precursor” of
Hartl and Tauxe (1996). The age of the fluctuation inter-

val based on δ18O stratigraphy, 788 to 795 ka, is close to the
known one: ca. 15 kyrs before the main transition.
(2) VGPs at the precursor lie along the so-called preferred

longitudinal bands over the north–south Americas and
Australia–east Asia.
(3) After the main transition from the reversed-to-normal

polarity, VGPs stay in the middle-to-high latitudes over the
North America with an intermediate paleointensity for about
5 kyrs, and then move in the vicinity of the North Pole with
full recovery of intensity. Similar behavior was reported by
Oda et al. (2000).
Fluctuations of VGPs seem to have a time constant simi-

lar to the non-dipole field. A period of 2 kyrs was estimated
for each of the two VGP loops in our “precursor” record.
A large swing of VGPs for about 2 kyrs occurred immedi-
ately after the main transition (∼2 kyrs). These fluctuations
would be manifestation of the drifting non-dipole compo-
nents which would have dominated the geomagnetic field
when the axial dipole field was weak.
These facts suggest the possibility that anoxic sediments

could record the geomagnetic field behavior.
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