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Abstract

We conducted detailed rock magnetic investigations on 36 m of drill core collected during Ocean Drilling Program Leg 195 at
Hole 1202B (24◦48.24′N, 122◦30.00′E), in the Southern Okinawa Trough, with the goal of extracting a reliable paleointensity signal
with centennial resolution. An age-depth model was established from a chronology obtained by accelerator mass spectromety 14C
dating. The sedimentary section spans almost the entire Holocene (0–9.4 kyr) and exhibits sedimentation rates close to 400 cm/kyr.
The magnetic properties are dominated by stable, pseudo-single domain magnetite. High-field hysteresis data and the grain-size
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ensitive ratio of anhysteretic remanent magnetization (ARM) to low field magnetic susceptibility indicate a narrow range of grain
izes and concentrations. Magnetic parameters vary by a factor of 4 thereby fulfilling the usual criteria for a relative paleointensity
tudy. The relative geomagnetic paleointensity was obtained by normalizing the intensity of natural remanent magnetization (NRM)
y the ARM and the low field magnetic susceptibility. Both normalizations yield nearly identical results (r = 0.89). Spectral analysis
ndicates that the record is not significantly affected by local environmental conditions. Comparison of this West Pacific paleointensity
urve with other curves suggests a geomagnetic origin for the signal. Millennial-scale features of our record correlate to variations
f the archeomagnetic dipole moment. This suggest that the sediments at Hole1202B recorded changes of the geomagnetic field
ver the studied time interval.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Millennial-scale variability in Holocene climate has
een discussed in numerous studies (e.g., Bond et al.,
997; deMenocal et al., 2000; Bond et al., 2001) although

∗ Corresponding author. Fax: +1 337 482 5723.
E-mail address: richter@louisiana.edu (C. Richter).

the trigger for these events remains a matter of debate
(e.g., Bond et al., 2001; deMenocal, 2001; Kukla, 2000).
Understanding millennial and sub-millennial-scale cli-
mate variations requires high-resolution paleoclimatic
data and the ability to correlate these records globally at
millennial time scales (e.g., Channell et al., 2000; Stoner
et al., 2000). Paleosecular directional variation over the
last few thousand years has become an important dating
tool in regional archeological research (e.g., Eighmy and
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Sternberg, 1990; Batt, 1997; Hedley, 2001; Nunez et al.,
2000; Schnepp and Pucher, 2000), but changes in the
strength of the Earth’s magnetic field have the potential
of becoming a global correlation tool at high resolu-
tion. Master curves at lower resolution have already been
compiled successfully (Guyodo and Valet, 1996, 1999;
Laj et al., 2000, 2004; Stoner et al., 2002), and the cor-
relation between the geomagnetic dipole moment and
the 10Be production rate provides independent argument
for the global validity of the paleointensity correlations
(Frank, 2000; Christl et al., 2003; Carcaillet et al., 2004a,
2004b). Several paleointensity records have been tied to
ice core chronologies (Stoner et al., 2000; Brachfeld et
al., 2003), and it is becoming increasingly convincing

that millennial scale variations of the geomagnetic field
have the potential for global correlation (Laj et al., 2003).

In recent years an increasing number of sedimen-
tary paleointensity records have been published (e.g.,
Thouveny et al., 2004; Brachfeld et al., 2003; Stoner
et al., 2003; Horng et al., 2003; St-Onge et al., 2003;
Channell and Raymo, 2003; Yamazaki, 2002; Channell
et al., 2000, 2002; Snowball and Sandgren, 2002;
Guyodo et al., 2001) in part because pass-through mag-
netometers are now widely available and u-channel sam-
pling of long piston cores has become routine. Most cores
recovered by the Ocean Drilling Program (ODP) and the
IMAGES Program are now sampled with u-channels and
measured at high resolution. The paleomagnetic study of
Fig. 1. Location of Site 1202 in the Southern Okinaw
a Trough and path of the Kuroshio Current.
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ancient geomagnetic field intensity has received signif-
icant attention with the recognition that field intensity
variations not only can provide a global chronology but
have implications for many aspects of earth science, such
as the dynamics of the Earth’s fluid core (e.g., Aldridge
and Baker, 2003).

One of the objectives of Ocean Drilling Program Leg
195 was to acquire high-resolution climate proxy records
from sediments deposited beneath the Kuroshio Cur-
rent. Site 1202 (24◦48.24′N, 122◦30.00′E) is situated in
the Southern Okinawa Trough (Fig. 1) in 1274 m deep
water. Sedimentation rates are high because of terrige-
nous input from the East China Sea shelf and Taiwan
(Boggs et al., 1979; Lin and Chen, 1983; Chung and
Chang, 1995). The East China Sea shelf was emergent
during the last glacial maximum, and only the Okinawa
Trough was submerged. The Okinawa Trough lies signif-
icantly above the carbonate compensation depth (CCD),
unlike most parts of the Pacific. High sedimentation rates
and the preservation of calcareous microfossils make
Site 1202 an ideal target for obtaining a high-resolution
record of the late Quaternary history of the Kuroshio
Current.

Correlation among the four advanced hydraulic piston
(APC) holes cored at this site could only be accom-
plished at a broad scale, and because of the lack of dis-
tinct features in the available physical properties records,
a composite section (e.g., Hagelberg et al., 1992) could
not be established. The shipboard scientific party of
ODP Leg 195 decided after preliminary investigation
t
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the dissolution of fine-grained magnetite. The sediments
consist of homogenous, slightly calcareous, bioturbated
clayey silt with isolated sandy intervals and fine sand
laminae. Sandy layers have been interpreted to be mostly
detrital material, indicating episodes of turbidity cur-
rent activity (Salisbury et al., 2002). The organic matter
content is moderate and varies between 0.4% and 0.9%
for the last 25 ka (unpublished data, K.-Y. Wei). Small
amounts of H2S were discernable when opening the
cores.

2. Depth and age models

The depth model is based on the original ODP scale of
meters below seafloor (mbsf). Core expansion in recov-
ered deep sea sediment cores occurs because of elastic
rebound (Moran, 1997) and because of degassing of the
cores. This leads to overlapping core sections and over-
lapping measurements at core breaks and consequently
to inconsistencies during data analysis and represen-
tation. For Hole 1202B, a revised mbsf (rmbsf) scale
was constructed by adding a constant offset (18 cm on
average) to each core to compensate for the amount of
core overlap. Conversion between the two depth scales
is straightforward (Venuti et al., 2005). Significant cor-
ing gaps may exist between Cores 195-1202B-1H, 2H,
3H, and 4H or between 2.7 and 2.9 rmbsf, 12.64 and
12.65 rmbsf, 22.15 and 22.16 rmbsf, and 31.97 and 31.98
rmbsf. It is impossible to quantify the amount of missing
material without the construction of a composite depth
o concentrate all scientific analysis on Hole 1202B.
omposite sections from other APC holes of the Ocean
rilling Program show that there is typically a coring
ap of varying extend between individual cores because
f the drill ship’s heave. APC cores from sediments
rom the African Margin, which are comparable to the
ole 1202B sediments, exhibit coring gaps of typically
.5–2 m, and they can in extreme cases be up to 9 m
ide (Wefer et al., 1998). Preliminary biostratigraphic

nvestigation (Salisbury et al., 2002) of core catcher
amples from Site 1202 indicated that the sequence is
ounger than 127 ka, promising an ultra-high resolu-
ion section with sedimentation rates in the order of
20 m/kyr.

In this study, we investigate the top 36 m below
eafloor (mbsf), or the last 9500 yrs of Hole 1202B.
e present detailed rock magnetic data and demonstrate

hat the sediments preserve a high-resolution record of
aleosecular variation and a paleointensity signal span-
ing almost the entire Holocene. A reliable geomagnetic
ignal could not be extracted from the deeper part of
ole 1202B (Venuti et al., 2005) probably because of
scale.
Biochronologic markers are scarce in the mostly clas-

tic sedimentary unit. Only the absence of pink Globigeri-
noides ruber (last occurrence at 127 ka, Thompson et
al., 1979; Cang et al., 1988; Wei et al., 2005) indi-
cates that the sequence is younger than 127 ka and
suggests that the average sedimentation rate is at least
320 cm/ky. This estimate is consistent with the occur-
rence of a short reversed polarity interval in the lower
part of the section (101–108 mbsf equivalent to 103–111
rmbsf) which we interpret as the Mono Lake excur-
sion (ca. 28 ka; Benson et al., 2003) based upon our age
model.

The age model for Hole 1202B was established from
11 AMS 14C ages (Wei et al., 2005). More than 300 spec-
imens of surface dwelling planktic foraminifera, includ-
ing Globigerinoides spp. and Orbulina universa were
picked from the >250 �m size fraction of 10 selected
intervals where foraminifera were present in sufficient
numbers. A scaphopod was also picked from a sam-
ple at 1.92 mbsf for dating. CO2 gas was obtained
from the calcareous fossil skeletons and sent to the
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Fig. 2. Plot of calibrated 14C ages versus depth at Hole 1202B.
Age depth values were fit by a third-order polynomial (black line).
Age = 0.95987 + 375.05 Depth − 4.1649 Depth2 + 0.027464 Depth3.

Rafter Radiocarbon Laboratory, Institute of Geologi-
cal and Nuclear Sciences, New Zealand for AMS dat-
ing. The reported 14C ages have been converted to
“calendar ages” using the CALIB rev 4.4 Program
(http://radiocarbon.pa.qub.ac.uk/calib/). We adopted a
�R = 35 ± 25 yr (the local difference in reservoir age
from 400 yr in the southern Okinawa Trough) as deter-
mined from annually banded corals of Ishigaki Island
(Hideshima et al., 2001). The calibrated ages were
then converted into thousand years BP (ka before AD
1950). For those conventional radiocarbon ages older
than 20,265 yr BP, the dates were converted to calendar
ages using the polynomial equation of Bard (1998): [cal
BP] = −3.0126 × 10-6 × [14C age BP]2 + 1.2896 × [14C
age BP] − 1005. Age-depth values for the last 28,000
calibrated radiocarbon years were fit by a third-order
polynomial (r = 0.99; Fig. 2). The average sedimen-
tation rate for the 0–42.9–ka interval at Site 1202 is
324 cm/kyr, with the maximum sedimentation rate max-
imum (∼515 cm/kyr) at the end of the Late Pleistocene,
coinciding with the end of the last glaciation. The aver-
age sedimentation rate in the Holocene is 394 cm/kyr.
The age of individual sample points was estimated by
the third-order polynomial fit of the depth-14C age rela-
tionship (Fig. 2).

Our age model assumes zero age at zero depth, but it is
possible that the topmost part of the Holocene is missing.

Fig. 3. Temperature-dependence of low-field magnetic susceptibility
for a representative sample. The thermomagnetic behavior is charac-
terized by low susceptibilities that increase at around 300 ◦C probably
because of the formation of magnetite from sulfites.

A third-order polynomial curve fit of the topmost four
age data (representing the Holocene) without a zero-age
at zero-depth constrain gives an age of 1081 yr BP at zero
depth (r = 1) and a linear curve fit of the topmost two age
determinations gives an age of 954 yr BP at zero depth.
Based on these calculations it is possible that the last
∼1000 yr BP are missing from the Hole 1202B record.

3. Rock magnetic properties

Measurements of the temperature dependence of
magnetic susceptibility, up to a maximum temperature of
700 ◦C, were performed with a furnace-equipped Kap-
pabridge KLY-3 susceptibility meter (Hrouda, 1994) at
the Istituto Nazionale di Geofisica e Vulcanologia in
Rome, Italy. The thermomagnetic results (Fig. 3) show
a low magnetic susceptibility that exhibits a pronounced
peak between 300◦ and 500 ◦C, indicating the formation
of a new magnetite phase probably from sulfites. The
major decrease in magnetic susceptibility at high tem-
peratures indicates a Curie temperature of about 540 ◦C.
This is 40 ◦C lower than the Curie temperature of pure
magnetite and is indicative of low-titanium magnetite.
Although the susceptibility is close to zero above 540 ◦C
it is difficult to draw conclusions about the carrier of
magnetic remanence from this type of measurement.

Hysteresis properties were determined on 49 evenly-
spaced samples using a Princeton Measurements alter-
nating gradient magnetometer in the paleomagnetism

laboratory at the University of California at Davis.
Hysteresis loops indicate saturation fields well below
200 mT and coercivities typical for magnetite (Fig. 4a).

http://radiocarbon.pa.qub.ac.uk/calib/


C. Richter et al. / Physics of the Earth and Planetary Interiors 156 (2006) 179–193 183

Fig. 4. (a) Hysteresis loops show saturation fields <200 mT and coer-
civities typical for magnetite. (b) Hysteresis ratios display the pseudo-
single domain state of the magnetic carrier (Day et al., 1977) and vary
within a narrow range along a grain size mixing line.

The ratios of coercivity of remanence over coercivity
(Hcr/Hc) and saturation remanence over saturation mag-
netization (Mrs/Ms) are sensitive to variations in grain
size (Day et al., 1977; Dunlop, 1986). Our detailed
measurements of magnetic hysteresis properties show
little variation in magnetic grain size of the clay-rich
sediments of Hole 1202B. A plot of Mrs/Ms versus
Hcr/Hc (Day et al., 1977) shows that most magnetic
carriers fall in the pseudo-single domain field of mag-
netite (Fig. 4b). Measurements of the S-ratio (S = -IRM-
300 mT/SIRM1.2T) vary between 0.88 and 1.00, as
expected for ferrimagnetic minerals such as (titano-)
magnetite. These rock magnetic results indicate that the
magnetic signal in the clay-rich sediments is dominated
by (low-titanium) magnetite.

4. Continuous magnetic measurements, natural
remanent magnetization (NRM), and magnetic
inclinations

We measured 36 m of continuous u-channel samples
(e.g., Tauxe et al., 1983), collected from the working half
of the Hole 1202B cores, with a 2G Enterprises Model
755R cryogenic magnetometer housed in a shielded
room at the University of California, Davis. The cores
were initially demagnetized at 20 mT and measured on
board the JOIDES Resolution using another 2G longcore
magnetometer (Salisbury et al., 2002). We demagnetized
the u-channels subsequently using a three-axis alternat-
ing field (af) at 20, 30, 40, 50, and 60 mT and measured
every 1 cm to obtain detailed records of the directions and
intensity of the natural remanent magnetization (NRM).
Because the response curve of the pickup coils of the
magnetometer has a width of 4.5 cm (Weeks et al., 1993),
only every fourth measurement yields an independent
value. For the Holocene sedimentation rates at Site 1202,
this translates to a 10-year resolution. Laboratory exper-
iments by Katari et al. (2000) demonstrate that post-
depositional physical realignment of magnetic grains is
insignificant. We therefore assume that the NRM is syn-
depositional, i.e., acquired and preserved within a few
centimeters of the sediment surface. An anhysteretic
remanent magnetization (ARM) was imparted using a
peak alternating field of 100 mT and direct bias field
of 0.05 mT and was subsequently af demagnetized at
the same levels as the NRM. The ARM was converted

into ARM susceptibility (kARM) by normalizing with
the applied direct field. Measurements of the isothermal
remanent magnetization (IRM), although frequently an
excellent normalizer for paleointensity studies, could not
be performed on the u-channel samples because of flux
jumps associated with the pass-through measurements.
We measured the low-field magnetic susceptibility (k) at
1-cm resolution using a Bartington susceptibility meter
and a field surface probe. This process required open-
ing of the u-channels to place the probe directly onto
the sediment. The u-channel susceptibility data (Fig. 5a)
compare well with the shipboard data that were mea-
sured on the whole cores using a 8-cm sensor loop
(Fig. 5b) onboard the JOIDES Resolution within hours
after recovery (Salisbury et al., 2002). An exception are
the topmost 5 m, where shipboard data exhibit relatively
low susceptibilities compared to the u-channel data. This
is likely caused by a dilution of the signal by the high
water content of the sediment near the sediment-water
interface as measured in the whole cores compared to the
u-channels which were taken from the de-watered split
cores several months later.
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Fig. 5. Lithology (pattern represents clayey silt) and downcore variations of magnetic parameters from 0 to 36 rmbsf at Hole 1202B.: (a) low-field
magnetic susceptibility (k) measured on u-channels, (b) low-field magnetic susceptibility measured on whole cores directly after recovery, (c) ARM
demagnetized at 20 mT, (d) median destructive field (MDF) of remanence, (e) kARM/k ratio, and (f) magnetic inclination. Concentration dependent
parameters and grain size proxy remain fairly constant throughout the section.

The variation in the concentration of magnetic car-
riers was investigated by using the concentration-
dependent records of ARM and magnetic susceptibility
(Fig. 5a–c). Except for a 35-cm long interval with anoma-
lous behavior around 33.35 mbsf, the variation of both
parameters does not exceed a factor of 4, a value that is
well within the desirable range for relative paleointensity
determinations (Tauxe, 1993).

Variations in the coercivity of the magnetic miner-
als were investigated with the median destructive field
(MDF), which is the alternating field necessary to reduce
the NRM to 50% of the initial value (Fig. 5d). The MDF
has a fairly high mean value of 45.23 mT with a stan-
dard deviation of 6.0 mT. The MDF shows only one
significant increase in the short anomalous interval from
33.35–33.70 mbsf, which could be caused by an increase
in high-coercivity minerals. The kARM/k ratio (Fig. 5f)
can be used as estimate of relative variations in mag-
netic grain size if the magnetization is dominated by
magnetite. The downcore variation of the kARM/k ratio
is very small (mean: 0.586; standard deviation: 0.002)
which demonstrates that the magnetic grain sizes do not
change significantly throughout the section.

We calculated the characteristic remanent magne-
tization (ChRM) of the magnetic vector by averag-
ing the directions obtained at the five demagnetization
steps. We were not able to reconstruct the magnetic
declination because the advanced piston cores are not
azimuthally oriented at shallow subsurface depth. The
inclination is 37.3◦ on average (Fig. 5f), within 1◦ of
the expected 36.1◦ at that site latitude. Representative
orthogonal vector demagnetization diagrams of the u-
channels (Fig. 6) indicate the presence of a well defined,
stable characteristic remanence over the entire inter-
val. Principal component analyses (Kirschvink, 1980)
yielded an average angular deviation (MAD) of 2.3◦
with a standard deviation of 1.2◦. Between 20% and
40% of the remanence remains after peak alternating
fields of 60 mT. Two discrete samples from nearby
Hole 1202A that were demagnetized within hours after
recovery are displayed in Fig. 6e and f. Although
much of the sediment is affected by a secondary vis-
cous NRM component acquired during the coring,
transport, sampling, and storage process, this overprint
was readily removed in alternating fields of <20 mT
(Fig. 6).
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Fig. 6. Vector component diagrams with normalized intensity decay plots of alternating-field (AF) demagnetization behavior for four representative
samples from Holes 1202A and 1202B. Open (closed) symbols represent projections on the vertical (horizontal) plane.

As expected for the Holocene, all inclinations are pos-
itive, representing the latest part of the Brunhes Normal
Chron (Fig. 5f). The magnetic inclination record shows
distinct large-scale paleosecular variation features that
can be used to establish chronologies in cores that can-
not be dated otherwise. However, we lack a local record
that would allow us to validate the secular variation
record. What we can do is compare our record with two
well-dated high-resolution records from North America,
Elk Lake (Sprowl and Banerjee, 1989) and Fish Lake
(Verosub et al., 1986). When we apply the established

age model for Hole 1202B and smooth the inclination
record (21 points), we find that the inclination record
from Hole 1202B has features with the same amplitude
as the other two records, suggesting that Site 1202 has
faithfully recorded the local secular variation (Fig. 7).

5. Relative paleointensity determinations

The rock magnetic characteristics, including well-
defined magnetization component carried by magnetite,
pseudo single domain (PSD) state of the magnetite, and
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Fig. 7. Comparison of the Hole 1202B paleosecular variation of magnetic inclination (21 point smoothed) with data from North America. Several
large-scale features can be correlated across the records.

Fig. 8. (a) NRM/ARM after AF demagnetization of both NRM and ARM at peak fields of 20, 30, 40, 50, and 60 mT. (b) Mean values of NRM/ARM
measurements and associated standard deviations. Error bars indicate ±1 standard deviation about each mean.

Fig. 9. NRM/k after demagnetization at peak fields of 20, 30, 40, and 50 mT.
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Fig. 10. Comparison between the ARM and k normalized NRM. Both records are normalized to unity to allow direct comparison. The correlation
between NRM/ARM and NRM/k is superb (r = 0.89).

variation of less than a factor of 10 in the magnetic
concentration satisfy the usual criteria for paleointensity
studies (King et al., 1983; Tauxe, 1993). Paleointensity
proxies are constructed by normalizing the NRM by the
appropriate normalization parameter, one that activates
the same grain population as the one that carries the
remanence. ARM, saturation isothermal magnetization
(SIRM), and susceptibility have all been successfully
used as a proxy for changes in magnetite concentra-
tion (see review by Valet, 2003). However, a consen-
sus on a preferred normalizer has not been reached. It
appears that any normalizer can be successfully used
if the sediment is magnetically homogenous and if the
characteristic component of magnetization has been iso-
lated (Levi and Banerjee, 1976; Valet and Meynadier,
1998). In a recent review, Valet (2003) suggested the use
of multiple normalizers and specifically of normalizers
that co-vary with the NRM. However, ARM-normalized
records should be preferred because the ARM activates
the same PSD and single domain (SD) magnetite carry-
ing the NRM signal.

Stacked values of NRM/ARM determined from af
demagnetization of NRM and ARM in peak fields of
20, 30, 40, 50 and 60 mT are displayed against age in
Fig. 8a. We calculated the arithmetic mean of these val-
ues and used the standard deviation about each mean
to estimate the error associated with the mean (Fig. 8b).
Normalization of the NRM at 20, 30, 40, and 50 mT with
susceptibility (Fig. 9) shows the same variability as the
ARM normalization. To be able to compare both normal-
i
t
t
t
t

al., 1992; Meynadier et al., 1992). A direct comparison
between the records of standardized mean NRM/ARM
and standardized mean NRM/k (Fig. 10) demonstrates
that they are closely correlated. The linear correlation
between these paleointensity estimates has a correlation
coefficient (r) of 0.89.

Although all of the established criteria for relative
paleointensity determinations appear to be satisfied, it is
possible that the record is influenced by environmen-
tal variations such as lithology and grain size, rather
than by geomagnetic variations. Our record is too short
to assess Milankovitch-scale climatic influences, how-
ever, centennial and millennial-scale cycles should be
revealed if they exist. We performed spectral analysis of
the two determinations of relative paleointensity with the
Analyseries software (Paillard, 1996) using the Black-
man Tukey method with a Bartlett window. The power
spectra of both paleointensity proxies are very similar
and reveal no significant periodicities (Fig. 11a and b).
On the other hand, power spectra of the ARM and the
susceptibility records are characterized by power at 2.47
and 0.5 ka, respectively (Fig. 11c and d). While the ori-
gin of these millennial scale variations requires further
investigation, it is evident that they have no influence on
the paleointensity estimates.

To further demonstrate that the paleointensity nor-
malization is not substantially affected by lithological or
environmental factors, we computed the cross coherence
spectra between our relative paleointensity estimates and
related mineral magnetic parameters (Fig. 11e and f).
zed records, we standardized each value by subtracting
he arithmetic mean and dividing by the standard devia-
ion (Fig. 10). The similarity of the results obtained by
hese two normalizers is often considered a good indica-
ion of the reliability of the paleointensity record (Tric et
The coherence function between NRM/ARM and k and
between NRM/k and ARM reveals several peaks above
the 95% confidence level. However, these occur mostly
at higher frequencies and are not associated with the
2.47 and 0.5 ka cycles determined in the susceptibility
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Fig. 11. Power spectra of the paleointensity records, k, and ARM and coherence spectra between the two determinations of paleointensity and
concentration-dependent rockmagnetic parameters. Neither of the paleointensity normalizations shows power at any frequency. ARM and k are
dominated by millennial-scale cycles and the cross functions do not show power at the frequency of the ARM or k. Both paleointensity estimates
are apparently free of any environmental signal.

and the ARM records. Zhao et al. (2005) found a sea
surface temperatures rise from 24 ◦C to 25.5 ◦C during
the 9.5 to 8 ka interval, but otherwise no major cli-
matic signals or sedimentological characteristics have
been detected. Based on our analyses and the results
from Zhao et al. (2005), we conclude that the normal-
ization with both ARM and susceptibility efficiently
remove the climatic component of the record and that
local environmental factors do not have a strong impact
on our paleointensity estimates. However, we cannot
entirely eliminate the possibility of a large scale climatic
influence.

In summary, compliance with the most commonly
applied mineral magnetic criteria, paleomagnetic stabil-
ity, agreement between the results of two paleointensity
normalizations (NRM/ARM and NRM/k), and lack of
an environmental signal in the power spectra of the nor-
malized records indicate that the Hole 1202B record
meets all reliability criteria for relative paleointensity
records (e.g., Tauxe, 1993). Although there is very little
discrepancy between the ARM and the k normaliza-
tions, we regard the ARM normalized record (Fig. 12) as
the best paleointensity estimate at Hole 1202B because
the ARM is a better measure of the total amount of
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Fig. 12. The relative paleointensity record at Hole 1202B. Data are ARM normalized. Relative paleointensity increased rapidly from 9000 to 8400
B. P., increased further from 6000 to 5300 B.P., and has been declining over the last 4500 years.

magnetic material than the low-field magnetic suscepti-
bility.

6. Paleointensity during the last 9400 yr

Comparison of the Hole 1202B paleointensity record
with other Holocene high-resolution records provides
the most powerful test whether the paleointensity fea-
tures were globally recorded and therefore represent
changes in the geomagnetic field. Short-term centen-
nial and decadal-scale features such as observed at
Hole 1202B are not resolved in low-resolution compos-
ite records such as the SINT200 (Guyodo and Valet,
1996), the SINT 800 (Guyodo and Valet, 1999), the
GLOPIS-75 (Laj et al., 2004), or archeointensity data
(McElhinny and Senanayake, 1982; Yang et al., 2000).
High-resolution Holocene records have been reported
from North America (e.g., Brachfeld and Banerjee,

2000), the Mediterranean Region (e.g., Genevey et al.,
2003; Frank et al., 2003 and summary therein), northern
Europe (Snowball and Sandgren, 2002), and Antarctica
(Brachfeld et al., 2003, Palmer Deep). Hole 1202B rep-
resents the first high-resolution Holocene record from
east Asia and therefore no suitable records are available
for comparison. We compare our paleointensity record
to the GLOPIS-75 (Laj et al., 2004), the archeomag-
netic records from McElhinny and Senanayake (1982),
the synthetic record from Ohno and Hamano (1993), and
a high-resolution record from Fish Lake, Oregon (Vero-
sub, unpublished data) (Fig. 13).

The paleomagnetic record from Fish Lake, Ore-
gon, is dated by a series of radiocarbon analyses and
tephra chronology. Magnetic remanence is stable and
strong and carried by pseudo-single-domain magnetite
(Verosub et al., 1986). Although it is a lake record from
a site tens of thousands of kilometers away both records
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Fig. 13. Comparison of the relative paleointensity record from Hole 1202B with the Fish Lake, Oregon, record (Verosub, unpublished data). Also
shown are two low resolution records, the dipole moment determined from archeological hearths (MS82) McElhinny and Senanayake (1982) and
the NAPIS-75 paleointensity stack (Laj et al., 2004). OH93 is the synthetic record from Ohno and Hamano (1993). Arrows mark intensity lows that
correlate across the records.

are similar in shape and amplitude during the last 7000
yr B.P.. Prior to 7000 yr B.P. the Fish Lake record is
relatively flat but the Hole 1202B record continues to
show variations (Fig. 13). The most significant differ-
ence between the two paleointensity curves is the sharp
decrease in paleointensity between 5 and 3.5 ka at Hole
1202B.

The GLOPIS-75 and the archeomagnetic record
(McElhinny and Senanayake, 1982) correlate well with
each other and show several of the large-scale Hole
1202B paleointensity features. The field decay during
the last 2500 yr and the paleointensity low around
7 ka B.P. can be correlated between these records.
The most significant difference between the GLOPIS-
75/archeomagnetic curve and the Hole 1202B record
again occurs at around 5 ka, where a pronounced pale-
ointensity peak is recorded at Hole 1202B but not in the
global lower-resolution records.

The synthetic record (Ohno and Hamato, 1993) shows
the closest similarity to the Hole 1202B paleointen-
sity record. Most major features are represented in both
curves, even the intensity decay between 5 and 3.5 ka.

Although the paleointensity record does not agree
with every large-scale feature of other paleointensity
records, many common features can be detected. How-
ever, we do not expect to obtain complete agreement
between the low-resolution records and the relative pale-
ointensity estimates determined at Hole 1202B. A com-
parison of high-resolution Holocene records from differ-
ent parts of the globe (e.g., Brachfeld and Banerjee, 2000:
North America; Snowball and Sandgren, 2002: North-
ern Europe; compilation in Frank et al., 2003, for Central
Asia, Bulgaria, Israel, Greece, and Egypt) demonstrates
that there is a wide variability between the shape of the
individual records. This is not surprising because res-
olution, sedimentary environment (deep ocean, varves,
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lakes), lithology, and geographic position are signifi-
cantly different.

7. Conclusions

We presented a high-resolution Holocene paleosecu-
lar variation and relative paleointensity record from ODP
Hole 1202B in the Southern Okinawa Trough. Age con-
trol was provided by AMS radiocarbon ages and shows
extremely high average sedimentation rates on the order
of 400 cm/kyr, offering the opportunity to determine the
field variations for this time period with centennial or
even decadal resolution. The magnetic carrier mineral
is (low-titanium) PSD magnetite with a limited range
of grain size variation. Relative paleointensity estimates
using the ARM and the low-field susceptibility normal-
izations are almost identical (r = 0.89). Spectral analyses
show no apparent rock magnetic, climatic, or litholog-
ical influence. Because the ARM activates the same
magnetite population that carries the NRM signal, we
selected the ARM as the preferred normalizer for the
Hole 1202B sediments.

The comparison between the Hole 1202B, GLOPIS-
75 (Laj et al., 2004), Fish Lake (Verosub, unpublished
data), archeomagnetic (McElhinny and Senanayake,
1982), and synthetic (Ohno and Hamato, 1993) paleoin-
tensity records shows several significant discrepancies,
especially around 5 ka, however, some major features
correlate across the various records.

Our results confirm the highly oscillatory nature of
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Scientific Party and the highly professional support of
the ODP technicians and the drill crew of the JOIDES
Resolution during Leg 195, without whom this research
would not have been possible.
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Thompson, P.R., Bé, A.W.H., Duplessy, J.-C., Shackleton, N.J.,
1979. Disappearance of pink-pigmented Globigerinoides ruber at
120,000 yr BP in the Indian and Pacific Oceans. Nature 280,
554–558.

Thouveny, N., Carcaillet, J., Moreno, E., Leduc, G., Nerini, D., 2004.
Geomagnetic moment variation and paleomagnetic excursions
since 400 kyr BP: a stacked record from sedimentary sequences
of the Portuguese margin. Earth Planet. Sci. Lett. 219, 377–
396.

Tric, E., Valet, J.P., Tucholka, P., Paterne, M., Labeyrie, L., Guichard,
F., Tauxe, L., Fortugne, M., 1992. Paleointensity of the geomag-
netic field during the last 80,000 years. J. Geophys. Res. 97,
9337–9351.

Valet, J.P., Meynadier, L., 1998. A comparison of different techniques
for relative paleointensity. Geophys. Res. Lett. 25, 89–92.

Valet, J.P., 2003. Time variations in geomagnetic intensity. Rev. Geo-
phys. 41, 1004, doi:10.1029/2001RG000104.

Venuti, A., Richter, C., Verosub, K.L., 2005. Data Report: Paleo-
magnetic and environmental magnetic properties of sediments
from Site 1202 (Kuroshio Current). In Salisbury, M., Shinohara,
M., Richter, C. (Eds.). Proc. ODP, Sci. Results, 195 [Online].
Available from World Wide Web: http://www-odp.tamu.edu/
publications/195 SR/111/111.htm.

Verosub, K.L., Mehringer Jr., P.J., Waterstraat, P., 1986. Holocene sec-
ular variation in western North America: paleomagnetic record
from Fish Lake, Harney County. Oregon. J. Geophys. Res. 91,
3609–3623.

Weeks, R., Laj, C., Endignoux, L., Fuller, M., Roberts, A., Manganne,
R., Blanchard, E., Goree, W., 1993. Improvements in long-core
measurement techniques: applications in palaeomagnetism and
palaeoceanography: Geophys. J. Int. 114, 651–662.

Wefer, G., Berger, W.H., Richter, C., et al., 1998. Proc. ODP, Init.
Repts., 175: College Station, TX (Ocean Drilling Program).

Wei, K.Y., Mii, H.-S., Huang, C.-Y., 2005. Age model and oxygen
isotope stratigraphy of Site 1202 in Southern Okinawa Trough,
northwest Pacific. Terrestrial, Atmospheric, and Oceanic Sciences
16 (1), 1–17.

Yamazaki, T., 2002. Long-term secular variation in geomagnetic field
inclination during Brunhes Chron recorded in sediment cores from
Ontong-Java Plateau. Phys. Earth Planet. Int. 133, 57–72.

Yang, S., Odah, H., Shaw, J., 2000. Variations in the geomagnetic
dipole moment over the last 12 000 years. Geophys. J. Int. 140,
158–162.

Zhao, M., Huang, C.Y., Wei, K.Y., 2005. A 28,000 year UK37 sea
surface temperature record of ODP Site 1202B, Southern Oki-
nawa Trough. Terrestrial, Atmospheric and Oceanic Sciences 16
(1), 45–56.

http://www-odp.tamu.edu/publications/195_sr/111/111.htm
http://www-odp.tamu.edu/publications/195_sr/111/111.htm

	Variations of the geomagnetic field during the Holocene: Relative paleointensity and inclination record from the West Pacific (ODP Hole 1202B)
	Introduction
	Depth and age models
	Rock magnetic properties
	Continuous magnetic measurements, natural remanent magnetization (NRM), and magnetic inclinations
	Relative paleointensity determinations
	Paleointensity during the last 9400 yr
	Conclusions
	Acknowledgements
	References


