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A B S T R A C T

Core MD01-2385 retrieved in the western equatorial Pacific (Northwest of Papua-New Guinea) has been sampled
every 2 cm for paleomagnetic and radiocarbon measurements. The age model, well constrained by 47 14C ages
(both new and former), indicates that our record spans approximately the last 38 ka. The average sedimentation
rate is ~30 cm/ka. Analysis of the magnetic mineralogy revealed that the natural remanent magnetization
(NRM) is predominantly carried by magnetite. A relative paleointensity record (RPI) was derived, allowing us to
estimate a lock-in depth of approximately 18 cm, corresponding to ~600 years in our case, by comparing it with
the CALS10k.2 model. Comparison with two other western Equatorial Pacific RPI, selected for their geographical
proximity (~1000 km) and high resolution, allowed us to compile a regional reference record (WEPEQ). Several
intervals of lower intensities have been identified and may correspond to the known events of Mono Lake (~34
ka), Rockall (~27 ka), Hilina Pali (~18 ka) and possibly Tianchi (~5–8 ka). Overall, our equatorial curve ex-
hibits strong similarities with RPI curves from mid to low latitudes, such as those from the Iberian Margin and
Black Sea. A detailed investigation hints at the presence of non-dipolar structures in the Earth’s magnetic field at
the shorter time scale, especially during the low intensity intervals. In contrast, notable differences are observed
when compared to high-latitude stacks, especially from the North Atlantic (NAPIS). This points to the potential
climatic bias that may affect high-latitude records during the glacial maximum and glacial-interglacial transition.

1. Introduction

The continuous variations in the paleointensity of the Earth’s mag-
netic field are mostly known from the study of marine sediments, which,
in favorable cases (e.g. Tauxe, 1993), provide a record of the field’s
evolution. The vast majority of ocean sediments have an accumulation
rate of less than 10 cm/ka (e.g. Olson et al., 2016). In such cases the time
interval between two adjacent samples is usually of a few hundreds to
thousand years and the paleointensity variations are smoothed to a large
extent. When variations of the Earthmagnetic field spanmore than a few
thousand years, they are believed to reflect essentially variations in the
dipole’s intensity, with very moderate non dipole contributions (e.g.
Carlut et al., 2000). This is attested by the strong similarities observed
between the sediment-derived paleointensity records from very
different regions and the global virtual axial dipole moment (VADM)
whose variations have been compiled for time periods ranging from the

last 800 ka up to 2 million years (Guyodo and Valet, 1999; Valet et al.,
2005; Channell et al., 2009; Laj et al., 2013).

In addition to global variations, regional reference curves were
produced for shorter time intervals (less than 80 ka) using the combi-
nation of marine records with high sedimentation rates (i.e. above 10
cm/ka) from specific areas: the North Atlantic with NAPIS (La j et al.,
2000), the South Atlantic with SAPIS (Stoner et al., 2002), the Black Sea
with the Black Sea Stack (Liu et al., 2020) and the Iberian Margin with
the Iberian Margin Stack (Channell et al., 2018). In theory, these records
could integrate local, non-dipole, structure of the earth magnetic field,
making them of great interest for the study of short events (e.g. excur-
sions), and geodynamo modelings.

Comparisons between these curves show an overall consistency of
paleointensity variations, except for the last 30 ka, where significant
disparities have been observed, particularly between NAPIS and SAPIS.
For instance, a maximum intensity is observed on NAPIS at ~25 ka,
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while SAPIS shows a minimum intensity at the same period. Stoner et al.
(2002) put forward several hypotheses to explain these
inter-hemispheric differences, such as dating and temporal correlation
problems over the past 30 kyr interval, the existence of a strongly
non-dipolar component, or the presence of uncorrected climatic and
environmental biases.

Several studies also reported excursions associated with changes in
direction and/or drops in intensity of the Earth’s magnetic field (Mono
Lake at ~34 ka, Rockall at ~26 ka, Hilina Pali at ~19 ka, Gothenburg at
~13 ka, Tianchi excursion at ~ 10 ka). The reliability of many of them is
still debated as they are not systematically observed (Channell et al.,
2020; Simon et al., 2020). These “excursions” could correspond to local
features due to non dipolar terms or recording distortions, explaining

why they are not detected at a global scale.
Thus, the most recent, continuous and detailed records of the Earth’s

magnetic field have raised questions regarding the mechanisms that
drive variations in paleointensity records, even for recent geological
times as the Holocene. This demonstrates that we still have an incom-
plete understanding of the small scale variations of the field. However,
acquiring new high resolution paleomagnetic records to investigate the
different hypotheses is not straightforward. The highest oceanic sedi-
mentation rates are often associated with areas of high primary pro-
ductivity, resulting in significant fluxes of organic carbon into marine
sediments, which usually drive an intense reductive diagenesis and the
dissolution of magnetic minerals, erasing the magnetic signal
(Larrasoaña et al., 2003). Sedimentation rates are closely linked to (1)

Fig. 1. (a) Bathymetric map of the western equatorial Pacific with the location of the core used in this study. Plate boundaries are indicated by dotted lines. (b)
Bathymetric map of the area around core MD01-2385 (red dot). Intervals of bathymetric contours are 200 m. PNG = Papua-New Guinea.
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erosion and the supply of terrigenous material and, (2) sedimentary
process associated with bottom current intensity (i.e. the focusing or
removal of fine particles), so that fine climatic variations are also ex-
pected to have an influence on cores with high sedimentation rates.
Hence, detailed age models are essential for the robust comparisons of
datasets. This requires the acquisition of multiple independent radio-
metric ages.

In this study, novel high-resolution relative paleointensity and 14C
age data spanning the past 38 kyr have been acquired for core MD01-
2385 located in the Papua-New Guinea region. Limited diagenesis,
and a high sedimentation rate, combined with our high-resolution
sampling strategy (i.e. data points averaging approximately ~60–70
years), have allowed the construction of an exceptionally detailed
paleointensity curve. The consistency observed between successive data
points underscores a robust temporal correlation of paleointensity at this
resolution. By stacking our magnetic records with locally derived high-
resolution curves, we generated a composite paleointensity record for
the region.

2. Material & methods

2.1. Geographical and tectonical setting

Core MD01-2385 (0.22 S, 134.24 E; 2602 m water depth) was
retrieved on the northwest margin of the Papua-New Guinea, north of
the Bird’s Head Peninsula, during the R/V Marion Dufresne IMAGES VII
cruise in 2001. This 32.46 m long core was collected using the giant
piston corer (GPC) and then cut into 1.5 m long sections on board.
Papua-New Guinea lies at the boundary between several tectonic plates
including the Sunda plate to the west (part of the Eurasian plate), the
Indo-Australian plate to the south, the Pacific-Caroline plate to the
northeast and the Philippine Sea plate to the northwest, making this
region a rather tectonically complex spot with a combination of
compressive, extensive, and strike-slip movements (Baldwin et al.,
2012). However, the core MD01-2385 is situated in a relatively quiet
area with fewer earthquakes compared with eastern Papua New Guinea
(Baldwin et al., 2012), and no nearby volcanoes (Orynbaikyzy et al.,
2023). It is surrounded by a semi-circular bathymetric high (Fig. 1). In
addition, the sediment consists of rather homogenous brownish clays,
with no major changes observed between sediments deposited during
glacial and interglacial periods. All these elements make the MD01-2385
core a judicious choice as an undisturbed reference core for the region
(Fig. 1).

2.2. Magnetic measurements

Core MD01-2385 was sampled at high resolution using adjacent 8
cm3 paleomagnetic cubes carefully pushed into the sediment. The first
step consisted of measuring the magnetic susceptibility with a AGICO
KLY-3.

The natural remanent magnetization (NRM) of each sample was
measured at 11 steps of alternating field (AF) demagnetization (10, 15,
20, 25, 30, 35, 40, 50, 60, 70 and 90 mT) using a LDA-3 and 2G 755-HR
cryogenic magnetometer. The anhysteretic remanent magnetization
(ARM) was acquired in a 100 mT demagnetization field with a 0.05 mT
steady field. The ARMwas then AF demagnetized at peak fields of 20, 30
and 40 mT. The anhysteretic susceptibility (Karm20) was calculated
according to the following equation

Karm20 =
ARM20

0.05
(1)

with ARM20 corresponding to the ARM measured after the AF
demagnetization at 20 mT.

Isothermal remanent magnetization (IRM) was applied in a 1 T direct
field (IRM1T) and a 0.3 T backfield (IRM-0.3T), enabling to determine the
S-ratio, corresponding to the IRM-0.3T/IRM1 T ratio. The IRM acquired

at 1 T is referred to here as the saturation IRM (SIRM). For a series of 84
samples IRM acquisitions were performed with a 2.5 T field, the
measured values and variations observed were nearly identical to those
obtained with a 1 T direct field.

The temperature-dependance of magnetic susceptibility was
measured with the same instrument used for magnetic susceptibility,
coupled with a CS-3 heating unit and up to ~630 ◦C from powder extract
from 10 representative depth levels along the core.

2.3. 14C dating

Nine 14C dating points have been measured by Wu et al. (2017) with
a maximum age of 29.255 cal ka BP at a core depth of 870–872 cm
(Table 1). However, two of the 14C ages result in a reversal in the age
model (Table 1). In order to obtain a more robust and detailed age

Table 1
14C dates of planktonic foraminifera G.ruber, G. sacculifer and G.trilobus from
core MD01-2385 (see section 2.3 for details). Depths marked with an asterisk (*)
correspond to dates from Wu et al. (2017). All dating carried out for this study
were performed on the UMS-ARTEMIS (Pelletron 3 MV) AMS (CNRS-CEA
Saclay, France).

Depth core
(cm)

Depth
corrected
(cm)

Original
14C date
(yr)

±1σ Calendar
date (yr
BP)

+1σ -1σ

30-32 * 30–32 1040 30 579 461 689
79.5–81 79.5–81 2555 30 2207 2024 2352
139–141 139–141 4395 30 4517 4324 4729
150–151.5
*

150–151.5 4005 35 3999 3817 4203

210–211.5
*

210–211.5 5155 45 5451 5276 5607

270–271.5 270–271.5 7610 30 8014 7864 8169
360-362 * 360–362 9320 44 10115 9887 10287
390–391.5 390–391.5 10135 35 11220 11053 11411
410–411 410–411 10280 35 11413 11211 11649
440-442 * 440–442 10977 48 12478 12240 12663
450–452 450–452 10600 35 11916 11678 12187
490-492 * 490–492 12220 58 13702 13492 13953
540–542 540–542 13095 45 15064 14827 15295
570–571 570–571 14245 45 16560 16297 16837
580–582 580–582 13980 45 16216 15968 16478
600–602 600–602 18140 70 21142 20834 21457
621–624 621–624 14505 50 16884 16608 17125
659-661 * 659–661 15204 57 17748 17432 18032
670–672 670–672 13660 45 15803 15550 16056
680–681.5 680–681.5 15390 50 17975 17729 18200
719-721 * 719–721 14842 67 17276 16999 17603
730–731.5 730–731.5 16420 60 19058 18813 19338
750–752 750–752 15730 50 18343 18125 18603
820–822 820–822 17290 70 20131 19849 20408
830–831 830–831 19720 80 22954 22660 23240
850–852 850–852 18710 70 21907 21593 22186
859.5–861 859.5–861 20750 90 24072 23780 24403
870-872 * 870–872 25758 147 29255 28883 29694
875–877 875–877 24650 140 28081 27727 28491
878–880 878–880 27040 160 30510 30121 30873
910–911 890–891 21890 100 25414 25111 25702
940–941 920–921 23380 120 26923 26509 27205
1000–1001 980–981 22690 110 26143 25847 26438
1040–1041 1020–1021 23750 180 27251 26900 27633
1080–1081 1060–1061 25600 150 29073 28706 29507
1100–1101 1080–1081 26820 160 30293 29960 30712
1120–1121 1100–1101 27590 190 30991 30605 31366
1140–1141 1120–1121 28630 200 32046 31516 32786
1160–1161 1140–1141 29360 230 33090 32273 33719
1180–1181 1160–1161 29400 220 33149 32377 33759
1200–1201 1180–1181 29770 230 33577 33021 34109
1220–1221 1200–1201 32300 510 36059 34939 37258
1240–1241 1220–1221 31370 310 35084 34438 35774
1260–1261 1240–1241 33050 330 36874 36084 37781
1280–1281 1260–1261 33530 340 37532 36588 38611
1300–1301 1280–1281 32050 310 35784 35141 36435
1320–1321 1300–1301 33260 360 37158 36239 38251
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model, new 14C dating were performed on this core, adding 38 points.
The measurements were carried out on samples consisting only of the
planktonic foraminifera species Globigerinoides ruber, except for the
sample at 79.5–81 cm where Globigerinoides trilobus was combined with
G. ruber to have enough material. The calibration of the 14C ages and the
age-depth relationship were made using Bacon Software (Blaauw and
Christen, 2011). The regional difference from the averagemodern global
marine reservoir effect (ΔR), was estimated using CALIB v8.2 (Stuiver
and Reimer, 1993). ΔR is 123 ± 28 years. The core depth was corrected
below 880 cm to take into account a sediment slippage which occurred
during the corer pulling out, resulting in a void space between 880 and
900 cm.

3. Results

3.1. Magnetic properties

A well defined ChRM direction was isolated for the vast majority of
samples using 7 to 11 demagnetization steps (typically between 15 and
90 mT). The ChRM directions (declination and inclination) of each
sample and their associated uncertainties are represented in Fig. 2. The
magnetization components are well-defined as suggested by low MAD

(<4◦) values. Inclination values are close to those expected at this lati-
tude (~0◦) and reconstructed declination depicts smooth variations with
indications of a very gradual rotation of the core inside the core barrel
between 700 and 1050 cm (Stoner et al., 2000; Channell, 2013). The
medium destructive field (MDF) of the NRM lies between 25 and 35 mT
(Fig. 2) except for the 750–850 cm interval, where MDF values are
higher, around 40–45 mT. This can be explained by the presence of
significant viscous reverse magnetization removed after AF demagneti-
zation at 10–15 mT (Fig. 3c and d).

The S-ratio (Fig. 4g) is remarkably constant with values ranging from
0.96 to 0.99 and indicates that the magnetization is mostly carried by
low-coercivity minerals such as magnetite. The presence of magnetite is
also confirmed by the temperature-dependence curves of magnetic
susceptibility, with a drop at ~580 ◦C on heating curves (red curves on
Fig. S1), which corresponds to the Curie temperature of magnetite.
These observations indicate that NRM is predominantly carried by
magnetite, which is an essential criteria for the use of marine sediments
in RPI reconstruction (Tauxe, 1993).

Variations of K and SIRM show similar trends over the entire depth.
Intervals of lower values are observed between 400 and 450 cm,
550–600 cm and 650–750 cm depth, and mirrored in the ARM20 data
(Fig. 4). This is interpreted as reflecting a slightly lower concentration of

Fig. 2. (a) Declination (Dec), (b) inclination (Inc), (c) associated maximum angular deviation (MAD) and (d) medium destructive field (MDF) for each demagnetized
sample. Declination values have been corrected by ~90◦ so that they can be represented centered on 0 for the deepest part. Gray lines represent boundaries between
adjacent 1.5 m long sections. The orange dashed line represents the expected inclination value at the latitude of core site MD01-2385.

L. Dauchy-Tric et al.
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magnetic grain at these depths. The high values observed around 850
and 900 cm in both K and SIRM, along with an opposite trend on the
ARM20 are discussed below. Despite some variations, the magnetic grain
concentration remains in the same order of magnitude throughout the
core, making it suitable for paleomagnetic study.

The magnetic granulometry variations, represented by the Karm20/K
ratio (Fig. 4e), reveal three main trends. A trend toward low Karm20/K,
characteristic of larger grains, is observed from the bottom of the core up
to ~600 cm. From this depth upward, Karm20/K ratio increases, indi-
cating that the size of the magnetic grains gradually decreases, until a
depth of ~350 cm from which it stabilizes with rather fine particles.
High frequency oscillations are observed above 300 cm, resulting from
the occurrence of decimetric thick events. The occurrence of coarse
magnetic grains between 850 and 900 cm is attested by a low Karm20/K
ratio and distinctive data points in the Karm20 vs. K diagram. (Fig. 5).
This interval is also marked by a peak of high K and SIRM, suggesting a
higher concentration of magnetite.

Overall, the magnetic mineralogical and granulometric characteris-
tics of core MD01-2385 correspond to the criteria proposed by Tauxe
(1993) for the obtention of reliable paleointensities.

3.2. Relative paleointensity (RPI)

To reconstruct the RPI, it is necessary to normalize the NRM intensity
by a parameter that effectively captures fluctuations in the sediment’s
magnetization capacity. Normalization by a laboratory-induced
magnetization activating the same grains as those responsible for NRM
makes it possible to correct part of the bias induced by changes in
concentration and grain-size (Levi and Banerjee, 1976; Tauxe, 1993).
Laboratory-induced remanent magnetizations such as the ARM or IRM
are commonly used (Channell et al., 2018; Liu et al., 2020; Goto et al.,
2024). In this study, RPI proxies were determined by normalization of
NRM intensity by ARM intensity obtained at 20, 30 and 40 mT AF
demagnetization steps. RPIs are determined either by calculating the

Fig. 3. Examples of orthogonal projection of natural remanent magnetization (NRM) during AF demagnetization for some cubes sampled from core MD01-2385. (c)
Numbers indicate the alternating field in mT. The steps are the same for each orthogonal projection.

L. Dauchy-Tric et al.
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mean or the slope (using a linear regression) of the NRM20/ARM20,
NRM30/ARM30 and NRM40/ARM40 ratios. The results obtained by these
two different methods are undistinguishable and the RPI proxy defined
by the slope between the NRM/ARM ratios will be used subsequently
(Fig. 6). This RPI curve was compared with magnetic parameters that
could be used as environmental proxies in order to assess the potential
effects of environmental variations on paleointensity data acquisition.
No correlation was observed between the curves (Fig. S2).

The RPI curve obtained shows variations with maximum intensity at
~830 cm, while minimum intensity values are obtained for the deepest
part sampled, ie. from 1250 to 1350 cm (Fig. 6). Other intensity minima
can be identified, such as those visible at ~225, 340, 450, 550, 625, 770
and 1100 cm.

Fig. 4. Magnetic parameters as a function of corrected depth (cm): (a) NRM after 20 mT AF demagnetization, (b) ARM after 20 mT AF demagnetization, (c) the SIRM
acquired at 1 T, (d) the susceptibility (K), (e) the ratio of anhysteretic susceptibility (Karm20) over K, (f) the S-ratio determined as the ratio of IRM-0.3T over IRM1T.
Gray lines represent boundaries between adjacent 1.5 m long sections.

L. Dauchy-Tric et al.
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4. Chronological reconstruction

The acquisition of a very large number of 14C dates over a short time
interval makes it possible, on the one hand, to record very fine variations
in the rate of sedimentation, and on the other hand, the existence of
small remobilized zones. The 14C results, listed in Table 1, are very
consistent, resulting in smooth variations in the depth-age diagram. A
few age inversions, not within the 2σ confidence interval, are present,
particularly between ages obtained by Wu et al. (2017) and adjacent
dates (less than 15 cm apart) obtained for this study. These inversions
are generally of the order of 500 years and may be due to the use of
different instruments in different laboratories and/or the use of different
foraminifera species.

A marked unconformity can be observed between 870 and 880 cm
depth. For the deepest interval, our calibrated ages of ~28 cal ka BP and
~30.5 cal ka BP, measured at 875–877 cm and 878–880 cm respectively,
match well with the age of ~29 cal ka BP obtained at 870–872 cm byWu
et al. (2017) but are significantly older than the ages that bracket them.
These anomalously old ages correspond to the depth at which a high
concentration of coarse magnetite was identified (as revealed by the

high K, IRM and ARM20 values found between 870 and 889 cm). The
discrepancy is approximately 5 ka between the age of sample 878–880
cm and the adjacent ones. This may indicate the remobilization of older
foraminifers during sediment deposition, and we assume that it may be
representative of an instantaneous reworking event. The associated
paleomagnetic results are discarded in the further course of this work.
Another 14C inversion on the order of a +4 ka is also observed at
600–602 cm. As there are no elements that suggest a problem with the
14C analysis itself, one can only assume that this anomalously old
sediment interval contains reworked material. A last age inversion is
observed at 670–672 cm. This inversion is more puzzling to interpret as
it corresponds to an anomalously younger age. Previous studies have
shown that the regional differences from the global marine reservoir
effect can vary through time (Franke et al., 2008). However, the
single-interval 14C anomaly at 670–672 cm corresponds to an unreal-
istic drop of ~2 ka in an area where modern regional reservoir age
anomaly is − 123 years, allowing us to reject the possibility that this
anomaly is related to a change in the local reservoir age. In the rest of
this paper, the anomalous 14C dates at 600–602 and 670–672 cm were
considered as outliers (shown in light gray in Fig. 7).

The age model deduced from these 14C dates gives an average sedi-
mentation rate of ~28 cm/ka for the 38–20 ka interval and of ~35 cm/
ka over the last 20 ka (Fig. 7), making MD01-2385 an outstanding
candidate for high-resolution RPI and rock magnetic studies with well
dated measurements point every 60–70 years.

5. Construction of a time dependent RPI stack for the western
equatorial pacific

The 47 14C ages measured on our core attest to a high and rather
regular sedimentation rate, enabling us to calibrate our RPI curve very
precisely over time. The RPI data exhibits a robust temporal correlation,
and, since our analysis is based solely on individual samples, the cor-
relation between samples is not attributed to data smoothing but rather
reflects Earth’s magnetic field behavior. In particular, high and low
value intervals are described by sets of 5–10 consecutive samples. With
the calculated accumulation rate of 60–70 years per sample, the corre-
lation time would typically be on the order of 350–700 years. With such
coherent and long term variations we expect to find strong similarities
between nearby records, provided that they are also of high temporal
resolution and quality.

Spatial and temporal correlation of paleointensity variations was
studied by Korte et al. (2019a) using Holocene geomagnetic field
models variations (CALS10k.2). Model predictions for the VADM (in-
tensity) at a given arbitrary location (54◦N, − 4◦W, United Kingdom)
were compared to model predictions to the N, S, E, and W of the site and

Fig. 5. Plot of anhysteretic susceptibility (Karm20) vs susceptibility (K) with
magnetic grain size reference lines (King et al., 1983).

Fig. 6. Proxy of relative paleointensity (RPI) obtained for core MD01-2385 by calculating the slope between the NRM/ARM ratios at 20,30 and 40 mT AF
demagnetization. The gray bar corresponds to the depth interval with coarse magnetic grains mentioned in section 3.1. The samples belonging to this interval have
been removed from the relative paleointensity curve for reasons discussed in section 4.

L. Dauchy-Tric et al.
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at 500, 1000, 2000, and 4000 km distances. Results show that VADM
variations are almost indiscernible at and below 1000 km distance but
differences between the records increase with distance with predictions

starting to differ at 2000 km (Fig. 8 in Korte et al., 2019a). Our RPI curve
was thus compared to other RPI located at less than 2000 km from our
site. We selected records based on (1) the reliability of the paleomag-
netic data determined in the laboratory which must be based, at least
partly, on individual “cube” samples and paleointensity normalized by
IRM or ARM, (2) high accumulation rates in order to be comparable with
ours, and (3) multiple and accurate 14C ages assigned to the data. Only
two records match the selection criteria and provide high-resolution
relative paleointensity over the last 40 ka in the selected area. The
selected studies are Blanchet et al. (2006) with core MD97-2134
(southeast of the Papua-New Guinea margin at 9.9◦S, 144.66◦E, 760
m water depth), and Lund et al. (2017) with core MD98-2181 retrieved
from the Devao Gulf, Philippine Islands (6.4◦N, 125.8◦E, 2114 m water
depth). These two cores are ~1110 and 1250 km away from core
MD01-2385, respectively. Both studies used a combination of u-chan-
nels and paleomagnetic cubes.

The Laschamps excursion is recorded around 41 ka in both cores
MD97-2134 and MD98-2181, while only the subsequent increase in
intensity is partly visible in the record of core MD01-2385. Well
recognizable features are common to all three cores and numbered 3, 4
and 5 in Fig. 8. Two additional, more open to discussion, intensity
minima, at ~20 ka and ~28 ka, can be correlated between the RPI
curves of cores MD98-2181 and MD01-2385. The correlations proposed
for features 1 and 2 could be subject to adjustment, given that they are
marked by a wider intensity minima on the MD98-2181 core record
compared with that of core MD01-2385. A positive point is that, based
on the available 14C-dated age models, the two features are quite well
aligned in time between the curves. We therefore relied on the 14C data
and correlated these features without shifting them in time.

These observations suggest that all three curves for the selected time
interval are representative of paleointensity variations of the geomag-
netic field in this region despite some moderate time lags between the
correlated structures. The differences can be explained by factors such as
lock-in depth, which is very rarely corrected and varies from core to
core, and by dating uncertainties.

In order to construct a stacked RPI, the curves were normalized by
their mean intensity value between 32 and 37 ka, a period common to all
three curves. A peak-to-peak correlation was performed between these
three RPI curves, based on the MD01-2385 age model. Since the
Laschamp excursion was extensively studied and precisely dated at 41.3
ka (Channell et al., 2017; Laj et al., 2014), its associated intensity
minimumwas used as our oldest tie-point (represented by stars in Fig. 8a
and c), making it possible to accurately date the base of core MD98-2181
and MD97-2134 records prior to the stacking procedure. Our final West
Pacific Equatorial (WEPEQ) reference curve is obtained by calculating
the arithmetic mean of the RPI curves following the method described
by Guyodo and Valet (1996). Results are shown in Figs. 9 and 10. Note
that WEPEQ correspond to the stack of RPIs from 2 or 3 cores, except for
the first 18 ka, where only the record from core MD01-2385 is used.

6. Discussion

6.1. Estimation of lock-in depth

Post-depositional remanent magnetization (pDRM) is acquired after
the sediment is deposited on the seafloor and only once the lock-in depth
has been reached. This phenomenon causes a mismatch between the age
of sediment deposition and that of the recorded geomagnetic field,
which is often younger than the surrounding sediment (e.g., Channell
and Guyodo, 2013; Roberts et al., 2013; Mellström et al., 2015; Valet
et al., 2017). In general, this acquisition delay is not corrected in
paleomagnetic records, as it is site dependent and difficult to estimate.
In addition, the magnetic records can be disturbed in the topmost first
centimeters of cores as the sediment is generally not well consolidated
and subject to coring disturbance. With these caveats in mind, the reli-
ability of our high-resolution reference curve was tested over the first 10

Fig. 7. Chronostratigraphy of core MD01-2385. The depth scale is corrected for
the 20 cm slip and the 20 cm remobilization. Age/depth relationship was ob-
tained with the Bacon Software (Blaauw and Christen, 2011). Dots represent
the calibrated 14C ages. Those in light gray are considered as outliers (see
section 4 for further details).

Fig. 8. Relative paleointensity data obtained from (a) core MD97-2134 by
Blanchet et al. (2006), (b) core MD01-2385 and (c) MD98-2181 by Lund et al.
(2017) on their respective age model. (a) The gray interval for MD97-2134
indicates sedimentation rate lower than 10 cm/ka, corresponding data are
not considered. Triangles represent calibrated 14C ages and stars represent the
tie point associated with the Laschamp excursion.
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ka by comparison with a paleomagnetic field model (CALS10k.2;
Constable et al., 2016). We projected the CALS10k.2 model on the
MD01-2385 sampling site and extracted the VADM. Both curves are
shown in Fig. 9. A strong similarity between the two curves is observed,
showing nearly identical variations until 8 ka. Beyond 8 ka, the model’s
predictions appear slightly less accurate but the overall trend aligns
between the two curves. This close match provides confidence in the
reliability of our data and allows peak-to-peak comparison, which re-
veals a subtle but consistent shift towards older ages in the WEPEQ data,
especially for the first 5 ka. As the most recent part of the CALS10k.2
model (0–5 ka) is based on a large proportion of archaeomagnetic and
volcanic data for which magnetization acquisition is instantaneous, the
slight temporal discrepancy between the curves is attributed to the
expression of the lock-in depth of the magnetic signal. The estimated
time lag between the curves remains relatively stable, of around 600
years, suggesting a lock-in depth of approximately 18 cm. This is com-
parable to the 20 cm proposed in other studies (Suganuma et al., 2011;
Channell and Guyodo, 2013). As discussed above, the first 18 ka of
WEPEQ consist exclusively of data from core MD01-2385 (see section 5).
The lock-in depth defined here corresponds therefore to that of core
MD01-2385, taking into account the fact that it is a site-dependent
parameter. To account for the time lag induced by lock-in depth, we
cautiously adjusted the RPI curves from core MD01-2385 by ~600 years
towards younger ages, which represents our best lag estimate. Given
that RPI curves from cores MD98-2181 and MD97-2134 were recali-
brated to the age model of core MD01-2385, the WEPEQ reference curve
is, by construction, also corrected for the lock-in depth effect.

6.2. Comparison with other regional reference curves

To establish inter-hemispheric and latitude variability we conducted
comparisons with existing regional paleointensity stacks from marine
sediments. The reference RPI stacks used here are: the regional reference
curves NAPIS (La j et al., 2000), SAPIS (Stoner et al., 2002), WEPAPIS-70
(Dahrin et al., 2023), the Iberian Margin Stack (Channell et al., 2018)
and the Black Sea Stack (Liu et al., 2020). We also add the
high-resolution dipole moment variations inferred from measurements
of the 10Be/9Be ratio around the Laschamps excursion from a Pacific

equatorial marine core (Simon et al., 2020, see also Ménabréaz et al.,
2012). All the curves have been normalized between 0 and 1 (0 for the
lowest value, ie. the Laschamp excursion and 1 for the highest) in order
to compare the paleomagnetic signal amplitude variations. The plotted
curves span ages ranging from 0 to 42 ka.

From 42 ka to 35 ka, the curves are generally in good agreement with
the record of the Laschamp excursion at ~41 ka followed by an increase
in paleointensity with maximum values reached slightly before 35 ka.
Around ~33–34 ka the Mono Lake excursion has been consistently
identified in various studies (Blanchet et al., 2006; Kissel et al., 2011;
Negrini et al., 2014; Liu et al., 2019) and it is clearly recorded in NAPIS,

Fig. 9. (a) WEPEQ (corresponding only to data from core MD01-2385 over this
time interval) and (b) CALS10k.2 model for the western equatorial pacific. The
gray curve corresponds to the individual data points and the red curve is a 4-
point running mean. The two curves exhibit very similar variations, high-
lighted by the correlation between five selected tie points, labeled 1 to 5 on the
figure, corresponding to local intensity minima.

Fig. 10. Normalized relative paleointensity values (see text) of (a) NAPIS (Laj
et al. 2000), (b) the Black Sea Stack (Liu et al., 2020), (c) the Iberian Margin
Stack (Channell et al., 2018), (d) WEPAPIS-70 (Dahrin et al., 2023), (e)
deduced from 10Be/9Be ratio (Simon et al., 2020) (f) WEPEQ (data available at
https://doi.org/10.18715/IPGP.2024.ly33jn7r) and (g) SAPIS (Stoner et al.,
2002). The red arrows indicate the humps discussed in the text. Intensity lows
are shown by the color intervals.
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SAPIS and the Black Sea Stack. The WEPAPIS-70 record exhibits a
seemingly flat trend, which could be attributed to the low resolution of
some of the curves used in this particular stack. WEPEQ and the Iberian
Margin Stack showed paleointensity variations, but not the clear in-
tensity minimum expected for the Mono Lake excursion. It is noteworthy
that the cosmogenic 10Be production record, considered a global indi-
cator, did not detect the Mono Lake excursion either (see Fig. 10). Simon
et al. (2020) suggest that the absence of low interval values in the
geomagnetic dipole moment around 34 ka supports the hypothesis that
the Mono Lake excursion has been triggered by a non-dipole field pulse
instead of a significant collapse of the dipole field. Another explanation
could be the short duration of this excursion, which did not lead to a
cosmogenic nuclides overproduction and resulted in a smoothed record.
Lastly, the lack of proportionality between measured sedimentary
10Be/9Be ratio and the cosmogenic 10Be production has been discussed
by Savranskaia et al. (2021) and could be a potential cause for the
discrepancy by concealing moderate paleointensity deviations in the
10Be record. Our observation of a very moderate RPI low at the scale of
our sampling resolution of ~60 yr is more in favor of an event with a
moderate dipole decrease and significant non dipole components with
strong high latitudes influences. In such configuration the decrease of
the Earth magnetic field intensity would be highly dependent on site
location on the globe. Our data suggest a minimal decrease in the
western Pacific equator region. This hypothesis is supported by models
from Korte et al. (2019b), where the Mono Lake excursion corresponds
to a regional event with strong non-dipolar contributions. Liu et al.
(2020) arrived at the same conclusion using paleosecular variation re-
cords from marine sediments of the Black Sea. This emphasizes the
importance of producing high-resolution, very well dated RPI curves
over recent periods to access the fine scale variations and better
constrain the nature of paleointensity lows, which are sometimes
referred to as excursions, but fail to be detected at the global scale. Note
that the Mono Lake low is followed by an intensity maximum at ~32–33
ka on all RPI stacks (with the notable exception of WEPAPIS-70) as
indicated by an arrow in Fig. 10. This intensity maximum corresponds to
the highest value of RPI for NAPIS and SAPIS.

During the 30–20 ka interval a faint intensity minimum has been
identified on WEPEQ at around 27 ka, with a corresponding hint of in-
tensity decrease on the 10Be curve at the same age. The low relative
paleointensity observed at approximately 25 ka on the Black Sea Stack
and SAPIS stack could align with this intensity minimum. It could
potentially correspond to the “Rockall” event dated at 26.5 ka (Channell
et al., 2016). This minimum has been identified for the first time in core
MD04-2822 from the Rockall Trough in the NE Atlantic, whose sedi-
mentation rate was ~100 cm/ka over the excursion interval (Channell
et al., 2016). Its duration has been estimated at around 350 years,
potentially explaining its rare occurrence in marine sediments and its
smoothed appearance in other records. After this event, all curves
display a rather similar increasing trend from 25 to 20 ka, indicating a
global phenomenon, except for the NAPIS stack, which shows RPIs
decreasing until around 21 ka. During this interval spanning several
thousand years, NAPIS exhibits significant discrepancies compared to all
other records, including the dipole variations derived from 10Be. This
observation suggests that the NAPIS curve could be significantly biased
by climatic factors during this interval, corresponding to the last glacial
maximum.

The last 20 kyr are marked by a low RPI at ~18.5 ka which is well
defined on WEPEQ and Black Sea Stack. This could correspond to the
Hilina Pali event dated at ~18–19 ka (Coe et al., 1978; Leonard et al.,
2017; Liu et al., 2018). This event is reported as an excursion in a few
studies, for instance by Leonard et al. (2017) based on anomalous
paleomagnetic directions found in ~16–~21 ka lavas from New Zea-
land. However, this is still much debated as it is rarely recorded in
marine sediments. Only a minor RPI decrease is observed on SAPIS,
WEPAPIS-70 and Iberian Margin stacks. The following RPI maximum
highlighted by an arrow at ~17 ka on Fig. 10b, c and f, correspond to the

highest RPI value for the Black Sea Stack and the Iberian Margin Stack.
Singer et al. (2014) suggested that this “excursion” could correlate with
another “excursion” that they identified in lavas from the Tianchi vol-
cano in China and dated at ~17 ka using the 40Ar/39Ar method. Since
then, further dating has been carried out on different crystal from the
same lavas (Channell et al., 2020; Pan et al., 2022), as well as on
lacustrine ash deposits from this eruption (Sun et al., 2018), leading to a
revision of the age of this “excursion” towards much younger ages,
around 8–10 ka. This age revision means that the presumptive Hilina
Pali and Tianchi are two separate events. No clear drop in RPI is
observed at 8–10 ka on the different stacks presented in Fig. 10 except
for SAPIS where a low RPI is visible at ~10 ka. Note that the upper 20 ka
of SAPIS should be taken cautiously because of the presence of anom-
alous magnetic mineralogy in three of the five stacked cores (Stoner
et al., 2002). A plateau with relatively low RPIs is observed between 5
and 8 ka on WEPEQ and the Iberian Margin Stack. As discussed in sec-
tion 5.2, the curve obtained in our study is in good agreement with the
CALS10k.2 model, suggesting the reliability of reconstructed RPIs and
the reliability of a minimum in intensity around 5–8 ka in the western
Equatorial Pacific.

The majority of the so-called “excursions” discussed above corre-
spond to moderate decreases in intensity in our reference curve, con-
trasting with the pronounced minima observed during the Laschamp
excursion (Fig. 10). The amplitude of the signals recorded in marine
sediments depends primarily on the sedimentation rate, hence the
importance of obtaining high-resolution data. However, determining the
average sedimentation rate and the resulting smoothing of the paleo-
magnetic signal for the regional RPI reference curves, which are essen-
tially stacks, is challenging. In any case, when considering intensity lows
they all appear as minor events compared to the Laschamp minima. As
an example, by setting a threshold at approximately 20% of the
maximum (threshold reached during the Laschamp excursion, 0.2 on the
curves from Fig. 10), none of the stacks achieve values that are as low.
Furthermore, the lowest values for WEPEQ are found around 5–8 ka, a
period during which no significant departure from an axial dipole ge-
ometry is observed in the associated directions (Fig. 2) or reported in
global models like Korte et al. (2019b). The observations mentioned
above cast doubt on interpreting any of the minima as “excursions”. We
opt for a more cautious description, referring to them as RPI lows. This
choice raises questions about whether they represent unremarkable
geomagnetic secular variation events, particularly on a global scale (see
also Thouveny et al., 2004).

7. Conclusions

The WEPEQ reference curve has been derived from a high-resolution
paleointensity dataset with an age model resting upon a dense collection
of 14C dated tie-points. It has been corrected for paleomagnetic lock-in
depth. WEPEQ exhibits important similarities with existing mid-
latitude high-resolution stacks such as the Iberian Margin Stack and
the Black Sea Stack. Minor temporal discrepancies may result from
differences in the methods used for constructing the age models and the
fact that the lock-in-depth was not accounted for and corrected in most
datasets. The correlation is considerably weaker with sedimentary RPI
records from high latitudes (notably NAPIS and, to a lesser extent,
SAPIS), particularly for ages younger than 30 ka. We hypothesize that
these sediment stacks, particularly those from the North Atlantic region,
may be more susceptible to climatic influences, particularly ice melt
events.

Due to its high-resolution nature, our reference curve exposes subtle
yet distinctive variations in the relative paleointensity that suggest the
emergence of non-dipole components. Notable examples include the
rather moderate intensity decrease corresponding to the Mono Lake at
~34 ka, pronounced oscillation around 18.5 ka referred to as the Hilina
Pali low, and low values between 5 and 8 ka, known as the Tianchi low.
Our findings suggest that these intensity lows sometimes referred to as
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“excursions” are local phenomena. Hence the Mono Lake can remain
undetected in the western Equatorial Pacific while the Hilina Pali and
Tianchi lows are prominent characteristics. These features can serve as
valuable references for the region and indicators for assessing global
versus local significance, as well as for refining geomagnetic models to
understand the emergence of non-dipole structures. Conversely, the
prolonged 5 kyr increase in paleointensity between 41 - 36 ka and 27–22
ka, as well as the humps around 32 ka, are features observed across
various records and can be utilized as global reference time markers.
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