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Abstract By studying deep-sea drilled records from the North Atlantic Ocean, several magnetic instabilities
of short duration, such as the Iceland Basin (188 ka), the Bjorn (1,255 ka) and the Gardar (1,460 ka) excursions,
were discovered. These records have contributed to our understanding of Earth's magnetic field and are the
foundation of the Geomagnetic Instability Time Scale (GITS) in the Quaternary. Here, we present the
magnetostratigraphy from Sites U1555 (0 to ~2.7 Ma) and U1563 (0 to ~5.2 Ma) drilled during the
International Ocean Discovery Program Expedition 395C on the eastern side of the modern Mid-Atlantic Ridge
(~60°N, 20-30°W). Shipboard paleomagnetic and microfossil data provided a preliminary age model,
extending the regional record to 3.4 Ma. The Virtual Geomagnetic Pole latitudes from archive halves,
corroborated with data from discrete samples, were used to build a high-resolution magnetostratigraphy, which
contained the expected Brunhes and Matuyama Chrons and their respective Subchrons. We also identified most
of the magnetic events reported in the GITS, including the less well-documented ones, such as Osaka,
Kamitzukara, Huckleberry Ridge, Reunion, Gardar, Halawa and L4 events. The high-resolution
magnetostratigraphy from Sites U1555 and U1563 is compared with two previous legacy sites and contributes
toward an increasingly robust GITS, expanding its use as a correlation and dating tool.

Plain Language Summary Paleomagnetism, the study of the Earth's magnetic field in the past, can
decipher a detailed record of the field behavior from marine sediments that accumulate rapidly. Previous drilling
into the sediments of the seafloor in the North Atlantic documented several short-term changes in the magnetic
field, improving our understanding of the Earth's magnetic field. In this study, we present the paleomagnetic
record from two sites located on the eastern side of the modern Mid-Atlantic Ridge: U1555 (back to around 2.7
million years old) and U1563 (back to around 5.2 million years old) drilled during the International Ocean
Discovery Program (IODP) Expedition 395C. The combination of shipboard age models, paleomagnetic and
microfossil data, and post-cruise paleomagnetic analysis documented all the major magnetic events in the
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analyzed time interval. Furthermore, we confirm 7 previously poorly documented excursions contributing to a
better understanding of past changes in the geomagnetic field.

1. Introduction

Earth's magnetic field (EMF) is indispensable for the survival of life on Earth. It protects life forms from solar
wind and cosmic radiation, prevents atmospheric erosion and water loss, and thus makes Earth habitable (e.g.,
Black, 1967; Hays, 1971; Okano & Ueno, 2022; Uffen, 1963). As the EMF has changed through the geological
past, it is paramount to understand the potential impact of these changes on the evolution of life on Earth (e.g.,
Channell & Vigliotti, 2019; Pan & Li, 2023). The EMF originates from the geodynamo, sustained by a mixture of
compositional and thermal convection in the Earth's liquid outer core that drives fluid motions. These fluid
motions influence temporal and spatial changes in an otherwise dipolar EMF, causing extreme variations such as
geomagnetic excursions and reversals during which overall field strength decreases and magnetic directions show
large departures, indicating a generally multipolar field (e.g., Constable & Morzfeld, 2025). These variations are
correlated with variations in the efficiency of the EMF as a shield against solar wind and cosmic radiation,
whereby periods of extreme variations might have altered the conditions of Earth's habitability, with some
suggesting a link with mass extinction events (e.g., Channell & Vigliotti, 2019; Pan & Li, 2023). Thus, recon-
structing changes in the EMF over geological time is fundamental not only for potentially understanding past
cosmogenic production episodes (Panovska et al., 2023; Pavén-Carrasco et al., 2018) but also to better understand
the geodynamo mechanisms behind such extreme variations. However, the number and timing of excursions and
their chronology over the Pliocene and Pleistocene epochs (~2.6 Ma to present-day) are not well constrained due
to the sparsity and scarcity of available data sets.

Known long- (reversal) and short- (excursions) term variations are compiled and astronomically calibrated in the
Geomagnetic Instability Time Scale (GITS; Channell et al., 2020) and the Geomagnetic Polarity Time Scale
(GPTS; Ogg, 2020), both widely employed as dating and correlation tools in magnetostratigraphy. However, out
of the 30 excursions, only 12 were considered robust by the review of Channell et al. (2020); that is, they have
been previously recognized in multiple records across a wide region (ideally in different lithologies including
marine and/or lacustrine sediment cores, speleothems and volcanic deposits), and have well-defined independent
age constraints. Moreover, there are different methods to define geomagnetic excursions. They can be defined as
intermittent periods, typically ~2-5 kyr, where the non-axial dipolar-field components dominate over the stable
and long-term axial dipolar component (e.g., Hyodo et al., 2022), recorded as the virtual geomagnetic pole (VGP)
deviating more than 45° from the geographical pole (Verosub & Banerjee, 1977). Recently, Constable and
Morzfeld (2025) suggested that excursions and reversals are driven by the same geodynamo mechanisms, and the
only distinction is that a reversal has an ending polarity state opposite to that at the start.

One way to advance our knowledge of geomagnetic field instabilities is to perform detailed paleomagnetic studies
coupled with biostratigraphic constraints in continuous sediment sequences from deep-sea cores (Opdyke, 1972;
Opdyke et al., 1973).

1.1. Previous Studies in the North Atlantic

The North Atlantic region is well-suited for studying the complex interactions between the cryosphere, atmo-
sphere, and ocean, since it is one of the most sensitive dynamic climatic regions on Earth (e.g., Hemming, 2004).
Deep-water currents flowing through the Iceland and Irminger basins rapidly deposit thick sequences of fine-
grained sediment called contourite drifts, which, owing to their high-resolution paleoceanographic and paleo-
magnetic records, have been targeted by numerous sampling and imaging studies (e.g., Bianchi & McCave, 2000;
Parnell-Turner et al., 2015; Poore et al., 2006; Wold, 1994). In addition, several landmark scientific ocean drilling
expeditions have cored these drifts, the most notable of which are Deep Sea Drilling Project (DSDP) Leg 94,
Ocean Drilling Program (ODP) Leg 162, and Integrated Ocean Drilling Program Expeditions 303 and 306
(Figure 1). In 1983, a SSW-NNE transect of six holes was drilled from 37° to 53°N during Leg 94 (Ruddiman
et al., 1987), which documented the magnitude and spectral character of the surface—ocean response to Neogene
northern high-latitude climatic change. In 1995, Leg 162 cored Sites 980-987 (Channell & Lehman, 1999; Jansen
etal., 1996), targeting locations with proven homogeneous lithology and high sedimentation rates (10—16 cm/kyr
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Figure 1. White filled circles are IODP Expedition 395/395C sites; black filled circles are other scientific boreholes;
bathymetric data from Ryan et al. (2009). Inset: box shows location of main panel, red line is the Reykjanes Ridge/Mid
Atlantic Ridge.

in the uppermost ~15 m on these drifts). These sites have robust age models based on integrated paleomagnetic,
biostratigraphic, and oxygen isotope data (Channell, 2014; Channell et al., 2002). The best records of secular
variations, geomagnetic excursions, and relative paleointensity variations through the Brunhes and the Matuyama
polarity Chrons are from Leg 162 sites (Channell, 1999; Channell, Curtis, & Flower, 2004; Channell &
Raymo, 2003; Channell et al., 1997, 2002, 2017). The first high resolution record of the last 500 ka geomagnetic
intensity and secular variation (Channell, 1999) was accompanied by the discovery of previously unknown ex-
cursions including the Iceland Basin at 188 ka (Channell, 2014; Channell et al., 1997, 2002; Channell & Leh-
man, 1997) and older events such as the Bjorn excursion (named after the Bjorn sediment drift sampled at ODP
Site 984; ~1,255 ka; Channell et al., 2002), and the Gardar excursion (named after the Gardar sediment drift
sampled at ODP Site 983; ~1,472-1,480 ka; Channell et al., 2002).

Complementing the existing intermediate water sites, Integrated Ocean Drilling Program Expeditions 303 and
306 (Channell, Curtis, & Flower, 2004; Expedition 306 Scientists, 2006) targeted deeper water, bridging the gap
between Leg 162 (Channell et al., 2002) and Leg 172 (Lund, 2022; Lund et al., 1998) locations. Expeditions 303
and 306 recovered sediments from two Sites U1304 and U1314 from the southern Gardar Drift (north of Deep Sea
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Table 1
Site Location and Lithological Units
Hole Lith unit Core, section, interval (cm) Depth (m CSF-A) Description
U1555H [60°13.6924'N; 28°30.024'W; I 1H-1, 0, to 20X-CC, 12 0-178.86 Silty clay or clayey silt, silty clay or clayey
water depth: 1,523.7 mbsl] silt with biogenics
1A 1H-1, 0, to 8H-1, 0 0.00-62.00 Silty clay or clayey silt
1B 8H-0, 0, to 20X-CC, 12 62.00-178.86 Silty clay or clayey silt with biogenics
U1563A [60°11.9985'N; 28°00.0209'W; I 1H-1, 0, to 9H-1, 0 0-73.9 Silty clay or clayey silt
water depth: 1,415.92 mbsl] 11 9H-1, 0, to 28F-3, 70 73.9-229.3 Silty clay or clayey silt
111 28F-3, 70, to 39F-2, 0 229.3-279.8 Silty clay or clayey silt with carbonate, carbonate
silty clay or clayey silt
v 39F-2, 0, to 48X-CC, 20 279.8-324.63 Foraminifer and nannofossil ooze to chalk
IVA 39F-2, 0, to 43X-2, 65 279.8-298.3 Foraminifer and nannofossil ooze
IVB 43X-2, 65, to 48X-CC, 20 298.3-324.63 Foraminifer and nannofossil ooze/chalk

Note. Lith. = lithological units (note that the numbering does not indicate correlation between the holes). Mbsl = Meters Below Sea Level

Drilling Project (DSDP) Site 611). Expedition 306 published paleomagnetic records that contain eight excursions
(L1-L8) between 2.75 and 2.1 Ma, four of which had not been previously observed (Ohno et al., 2012).

1.2. IODP Expedition 395C

In this study, we present a detailed magnetostratigraphy encompassing the Brunhes and Matuyama Chrons from
two sites of the International Ocean Discovery Program (IODP) Expedition 395C. Expedition 395C is part of a
series of Expeditions (384/395C/395) that targeted six sites in the North Atlantic Ocean, five of which form a
transect east of the Reykjanes Ridge (Parnell-Turner et al., 2020, 2022, 2025; Sinnesael et al., 2025), with the
sixth located near the eastern margin of Greenland (Parnell-Turner et al., 2023, 2025). Due to the global COVID-
19 pandemic, the original plan for Expedition 395 was disrupted and the Research Vessel JOIDES Resolution
conducted partial operations during Expedition 384 in summer 2020 (Blum et al., 2020) and Expedition 395C in
summer 2021 (Parnell-Turner et al., 2022). Expedition 384 drilled two sites, U1554 and U1555, for engineering
testing (Blum et al., 2020). Expedition 395C drilled five sites: U1555 and U1563 near the Reykjanes Ridge axis,
U1554 and U1562 in the Bjorn Drift, and U1564 in the Gardar drift. Here, we focus on Sites U1555 and U1563,
which were completed during Expeditions 384 and 395C.

1.3. Holes U1555H and U1563A

IODP Expedition 395C Sites U1555 and U1563 were drilled on the eastern flank of the Reykjanes Ridge,
approximately 40 and 60 km from the ridge axis, respectively (Figure 1, Table 1). A single record of the sedi-
mentary section was cored at each site, so no composite sedimentary section, or splice, is available (Parnell-
Turner et al., 2022). In Hole U1555H, 18 cores were collected using the advanced piston corer (APC) to a depth of
166.5 m CSF-A (core depth below seafloor) and two cores were collected using the extended core barrel (XCB) to
a depth of 177.5 m CSF-A. In Hole U1563A, 47 cores were collected using the APC and half length APC
(HLAPC) to a depth of 319.6 m CSF-A and two cores were collected using the XCB to a depth of 327.6 m CSF-A.

Lithostratigraphic units were defined based on visual core description, smear slide examination, bulk calcium
carbonate measurements, magnetic susceptibility measurements, color reflectance and natural gamma-ray radi-
ation measurements (Parnell-Turner et al., 2025). In Hole U1555H, the dominant lithology is silty clay or clayey
silt, divided into two subunits (Table 1). In Hole U1563A, four lithological units were described (Table 1),
dominated by silty clay or clayey silt (Unit I and II), carbonate silty clay or clayey silt (Unit III), and by fora-
minifer and nannofossil ooze (Unit IV). Seismic reflection profiles and regional satellite and aero-magnetic
anomaly data indicate that the approximate age of the basement of Site U1555 is Late Pliocene, ~2.8 Ma, and
that of Site U1563A is Early Pliocene, ~5.2 Ma (Parnell-Turner et al., 2017).

Preliminary age models were developed by linear interpolation between magnetic reversals constrained by
biostratigraphy (Parnell-Turner et al., 2025).
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2. Methods
2.1. Paleomagnetic Analyses

During Expedition 395C, routine shipboard paleomagnetic investigations were carried out on archive half sec-
tions with in-line stepwise alternating field (AF) demagnetization on a 2G Enterprises Model-760R-4K super-
conducting rock magnetometer (SRM) equipped with direct-current superconducting quantum interference
devices (DC-SQUIDs) and an in-line automated alternating field (AF) demagnetizer (Parnell-Turner et al., 2025).
In Hole U1555H, the NRM was measured every 1 cm, and it was subsequently demagnetized in 5 steps (10, 15,
20, 25, and 35 mT). In Hole U1563A, the NRM was measured every 2.5 cm and demagnetized with 5 steps (10,
15, 20, 25, and 35 mT), omitting the 10 mT step in the last 3 sections (2A, 3A, and 4A) of Core U1563A-48X.
Shipboard measurements included the low-field point magnetic susceptibility (), measured on archive-half core
sections using the Section Half Multisensor Logger (SHMSL) at 1 cm resolution.

During post-cruise sampling at the Gulf Coast Repository (Texas A&M University, College Station, Texas), we
collected oriented cubes (7 cm® Natsuhara-Giken cubes or J -cubes) from working half sections with a resolution
of 1 or 1.5 m, sampling with increased resolution (up to every 2 cm) in intervals where significant variations of the
paleomagnetic signal were observed in the shipboard data. In total, we collected 140 discrete samples from Hole
U1555H and 288 from Hole U1563A. At the paleomagnetic laboratory of the Istituto Nazionale di Geofisica e
Vulcanologia (INGV, Rome, Italy), we first measured the bulk magnetic susceptibility and the anisotropy of
magnetic susceptibility (AMS using the KLY5 Kappabridge AGICO in a field of 400 A/m) to evaluate the quality
of the paleomagnetic data. Afterward, the natural remanent magnetization (NRM) of each sample was measured
in a magnetically shielded room using a 2G Enterprises DC-superconducting quantum interference device
cryogenic magnetometer (Model DC SQUIDs 7551.65UC) and AF demagnetized with 15 steps (NRM, 2, 4, 6, 8,
10, 15, 20, 25, 30, 35, 40, 50, 60 and 80 mT).

Stepwise demagnetization data of the discrete samples were analyzed by principal component analysis (PCA) to
define the characteristic remanent magnetization (ChRM) (Kirschvink, 1980) using PuffinPlot software (version
1.4.1 of 21 September 2019, Lurcock & Florindo, 2019).

The SRM measurements were filtered for edge effects caused by the response functions of the pick-up coils of the
SQUID sensors, which have a full width of 7.30-9.00 cm at half height (Acton et al., 2017). Thus, we removed all
measurements within 4 cm of section boundaries (or voids), corresponding to 6.9% of the initial 17,653 data
points in Hole U1555H, and 8.3% of the initial 13,108 data points in Hole U1563A. As drilling-induced dis-
turbances might hamper the reliability of the paleomagnetic data and result in spurious magnetizations, all data
from soupy or highly deformed stratigraphic depths (e.g., “flow-in” layers) were removed (4.6% and 1.7% of
UI1555H and U1563A data, respectively). The remaining data (at 25 mT demagnetization step) were plotted
downcore and used to build the backbone of the magnetostratigraphy for both holes. Data from discrete samples
were used to validate the quality of the shipboard data (Figures 2 and 3). All declinations at 20 mT from APC and
HLAPC cores were reoriented to a mean of 0°, assuming a geocentric axial dipole hypothesis and time-averaged
paleosecular variation (Acton et al., 2023), and used together with the inclinations to compute the VGP co-
ordinates (using the PmagPy package; Tauxe et al., 2016) at both sites' geographic coordinates.

2.2. Chronostratigraphy

We reconstructed the magnetostratigraphy at each site by correlating the polarity sequences with the reference
GPTS (Ogg, 2020), which includes the GITS of Channell et al. (2020). The sequence of magnetic polarity zones
and events was established by observing changes in VGP latitudes/inclinations departing from positive to
negative (or vice versa) values.

The polarities were named with increasing numbers from the top to bottom of each hole (note that the sequential
numbering in both holes does not imply correlation at this stage), adding prefixes » for normal and r for reverse
polarities. When possible, the interpretation of magnetic polarity was provided, adopting the naming and
numbering convention of the reference GITS. Anomalous and relatively short-lived magnetic events were
identified with the prefix e when at least three consecutive SRM data points (or two for Hole U1563A where the
measurement resolution was lower, every 2.5 cm) show transitions through shallower positive (or negative)
values than a +45° VGP latitude cutoff threshold. Core photos and physical properties were cross-checked to
confirm that magnetic events did not correspond to sedimentary structures that could result in spurious
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Figure 2. Lower hemisphere equal-area projection of anisotropy of magnetic susceptibility (AMS) data from (a) Hole
U1555H and (b) Hole U1563A in specimen coordinates. In the stereonet, colored square, triangle, and circle symbols are the
k1, k2, and k3 anisotropy axes, respectively; gray symbols are samples with k3 axis inclination <45°. T versus P plots show
the Shape parameter (T) versus the degree of anisotropy (P) where gray symbols indicate samples with k3 axis
inclination <45°.

measurements. Finally, the magnetostratigraphy was compared with biostratigraphic data (nannofossil and
planktonic foraminifer bioevents; Table 2 and Parnell-Turner et al., 2025) to confirm the interpretation. The
biostratigraphy indicated a substantial change in sedimentation rate in the lower part of Hole U1563A at ~298 m
CSF-A, which was associated with an interval of disturbed sedimentary fabric. Hence, the lower part of the
succession from this level to the bottom of the hole was excluded from our study.

3. Results
3.1. Paleomagnetic Results

The AMS shows that the minimum susceptibility axes (k3) of most samples are perpendicular to the bedding
plane, while the maximum (k1) and medium (x2) susceptibility axes describe a girdle in the bedding plane
(Figure 2). Plots of shape parameter (T) versus anisotropy degree (P) show a dominance of oblate fabric. These
results indicate that most samples have undisturbed sedimentary fabrics. Significant deviation of the minimum
susceptibility axis from the vertical is a useful indication that coring deformation is present, even if the
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Figure 3. Examples of demagnetization behavior from a magnetization (M in A/m) versus AF step plot (mT), an orthogonal
plot and a stereonet plot, with one or more examples from each lithological unit (note that unit numbers between holes do not
correlate). Each pair represents one example from archive-half measurements (a, c, e, g, i, k, m, and o) and one from the
discrete sample (b, d, f, h, j, I, n, and p) collected at the corresponding or similar depth, showing a normal (a, b, e, f, and i, j),
reverse (g, h, k, 1 and o, p) or transitional (c and d) polarity example. (m), and (n) are examples where a ChRM was not
possible to interpret and (c), (d) and (0), (p) examples where the data from discrete samples helped isolate a ChRM otherwise
not interpretable from archive-halves data.
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Figure 4. U1555H paleomagnetic data versus depth. (a) Core number, (b) Lithologic unit, (c) Inclination, (d) reoriented
declination, (¢) MAD, (f) NRM intensities, and (g) point magnetic susceptibilities. Black dots are point measurements;
orange circles are discrete samples; and cyan circles are discrete samples where the k3 from the AMS data is <45°.

deformation is not macroscopically visible. Using this as a deformation indicator, 22 samples from Hole U1555H
and 50 samples from Hole U1563A (highlighted as gray symbols in Figure 2 and as cyan circles in Figures 4 and

5) with the k3 axes inclination lower than 45° were considered unreliable and not used for magnetostratigraphic

interpretations.

The demagnetization plots from discrete samples (Figure 3) show that any secondary remanences or overprints
(which could be carried by ocean drilling cores, such as a viscous remanent magnetization or a steep downward-
pointing component imparted by the drilling process) can be removed between 0 and 10 mT. A primary and stable

remanent magnetization could be isolated between 10 and 80 mT steps for 134 of the 140 samples from Hole
U1555H and 286 of the 288 samples from Hole U1563A. In the remaining eight samples, a stable and primary
component could not be isolated, so they were omitted from further analyses. In Figure 3, we compare the
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Figure 5. UI563A paleomagnetic data versus. depth. (a) Section numbers, (b) Sedimentary units, (c) Inclinations,

(d) reoriented Declinations, (¢) MAD, (f) NRM intensities, and (g) SHMSL point susceptibilities. Black dots are point
measurements; orange circles are discrete samples; and cyan circles denote where the k3 from the AMS data is lower
than 45°.

demagnetization plots from some examples of the shipboard measurements with the corresponding discrete
samples. Importantly, the demagnetization behaviors of shipboard semi-continuous and discrete paleomagnetic
inclinations are comparable (e.g., Figure 3).

In Figure 4, we plot the inclinations obtained by (unanchored) PCA from the discrete samples and the reoriented
declinations (orange dots in Figures 4c and 4d) to confirm the shipboard inclination data at 25 mT (black dots in
Figures 4c and 4d) from Hole U1555H. The quality of the discrete measurements can be assessed by considering
that most of the MAD (Maximum Angular Deviation) values are below 5° (Figure 4d). The NRM trends of the
discrete (Figure 4e) and the SRM data (Figure 4f) are remarkably similar. The susceptibilities measured from the
discrete samples compare well with the SHMSL data (Figure 4g) and seem independent from the NRM variations.
Interestingly, the relatively low frequency variations of magnetic susceptibilities in lithological Unit IB
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(Figure 4g) from the lower part of the hole differ from the higher-frequency variations in Unit [A at the upper part
of the hole. Other notable features are the relatively constant and low NRM and susceptibility in Cores 8H and
16H, which also correspond to a decrease in the quality of paleomagnetic signal, showing shallower and scattered
inclinations in both cases. These two cores also correspond to shallower k3 inclinations (Figure 2), departing from
a typical sedimentary fabric, that were considered unreliable paleomagnetic recorders (cyan circles in Figure 4).
In contrast, the similar departure from typical sedimentary fabric observed in Cores 1H and 2H can be explained
as an incipient but not completed sediment compaction, which may have enhanced a drilling-induced sedimentary
disturbance. These cases aside, the overall stability of the paleomagnetic signal and the similarity in the paleo-
magnetic data obtained from the SRM and the discrete measurements lead us to consider these results to be
reliable.

In Figure 5, we compare the inclinations and reoriented declinations from discrete samples (orange dots in
Figures 5c and 5d) to confirm the shipboard inclination data at 25 mT (black dots in Figures 4c and 4d) from Hole
U1563A. Except for only five samples with MAD values >10° and two samples with unresolvable ChRMs, the
average MAD value for the remaining 281 samples was 2° (Figure 5e). The discrete NRM trends compare well
with the NRM trends from the SRM data (Figure 5f). The susceptibilities of the discrete samples and SHMSL
point data (Figure 5g) are also comparable. At the bottom of the core, Lithological Unit IVB is characterized by
the lowest susceptibilities and NRM intensities of the entire hole, while Units IVA and III have relatively higher
values; these low values are explained by the chalky nature of the unit lithology (Parnell-Turner et al., 2025), and
correspond to a degradation of the paleomagnetic signal quality, decreasing the reliability of their interpretations.
Units II and I have higher values with detectable cyclicities and a robust paleomagnetic signal.

3.2. Magnetostratigraphic Interpretation

After the cleaning of the data, the inclinations from the SRM data at Sites U1555 and U1563 are both near the
expected value for a geocentric axial dipole (/g = £74.0°). In Figures 6 and 7, the numbering of paleomagnetic
events in both sites is not correlated (i.e., e/ in Hole U1555H is not correlated with the e/ in Hole U1563A). In
Hole U1555H, we recognize 40 paleomagnetic events (Figures 6a and 6b; Table 3), defined as VGP latitude
values departing from the +45° cutoff values. Eleven events (n! to n6, Figure 6a) are characterized by full
transitions from negative to positive VGP latitudes, and vice versa, and are correlated with the main polarity
changes in the GPTS. Seventeen of the remaining events are correlated with known excursions reported in the
GPTS (el to el7, Figure 7). Seven of these events are confirmed by results from the discrete samples and are
considered robust. The deepest robust tie point at 172.54 m CSF-A is correlated to the base of the Matuyama
Chron at 2.595 Ma. The remaining events could not be correlated with known GPTS excursions or (sub)chrons
and might represent previously unrecognized geomagnetic events.

In Hole U1563A, we recognize a total of 42 magnetic events (Figure 6b; Table 4). Sixteen events (nl to 78,
Figure 6b) are characterized by full transitions from negative to positive VGP Latitudes, and vice versa, and are
correlated with main polarity changes in the GPTS (Figure 7). Thirteen magnetic events (el to el3, Figure 7) are
correlated with excursions reported in the GITS (Figure 7). The deepest reversal tie point at 304.65 m CSF-A is
correlated with the C2An.3n at 3.596 Ma. Thirteen events could not be correlated with previously recognized
geomagnetic events.

3.3. Biostratigraphy, Age Model and Sedimentation Rates

The magnetostratigraphy is compared to calcareous nannofossil and planktonic foraminifer bioevents (Table 2;
Figure 7) and the preliminary age model (Parnell-Turner et al., 2025). In general, the biostratigraphic age con-
straints are in good agreement with the magnetostratigraphy, and where misfits occur, they are typically asso-
ciated with uncertain intervals in the biochronology. It should be emphasized that many of the standard
biostratigraphic markers for both nannofossils and foraminifera are described and calibrated from the tropics
where diversity is the highest. Diversity is lower and climatic fluctuations are more marked at higher latitudes,
causing larger assemblage variations through orbital cycles. Problems with the biochronology can arise from
several reasons, principally (a) taxonomic uncertainty distinguishing marker species from closely related forms,
especially in gradually evolving lineages, (b) difficulties in locating a biohorizon in a particular site where a
species is rare or its distribution is spotty, (c) diachrony in the timing of an event between the place where it is
calibrated and the site under investigation, and (d) reworking of microfossils by bottom currents or bioturbation.
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Figure 6. (a, b) Magnetostratigraphy for Sites U1555H and U1563A, respectively. VGP Latitude data versus depth with magnetic events interpreted. “e” events indicate
excursion short-lived magnetic events, and “n”/’r” (in bold) refers to normal or reverse polarity intervals. Numbering is sequential in each hole and does not necessarily
indicate correlation between the two holes. Orange/red circles indicate the results from discrete samples in terms of VGP Latitude/Inclination, and cyan circles indicate
data where the k3 is less than 45°. Black/gray dots: SRM data in terms of VGP Latitude/Inclinations.
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Figure 7. Depth versus age plot of magnetic events from Sites U1555 and U1563, correlated with the Geomagnetic Instability
Time Scale (GITS) scale of Channell et al. (2020). Blue lines represent shipboard age models (Parnell-Turner et al., 2025).
Chrons and subchrons from the GITS are indicated with black dots, and excursions as crosses. Diamonds/square symbols are
nannofossils/foraminifera events from Hole U1555H in red and U1563A in orange events.

This uncertainty means that while some of the listed bioevents are considered robust, others are problematic,
especially at the relatively low sampling resolution conducted to provide initial constraints. In some instances, our
new magnetostratigraphic records may provide opportunities for improving the global or regional calibration. We
highlight the following points where issues arise (progressing from young to old):

1. Top Pseudoemiliania lacunosa (nannofossil; 0.43 Ma) was found in the expected stratigraphic level (we use
“expected” when a bioevent falls within the interpolated line between two points selected to generate the age
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Table 3
Magnetic Events of Hole UI555H

Base of GPTS event

Number of data

points

SRM Discrete

GPTS event Age [ka] Uncertainty [ka] Name Top core section Top (m CSF-A) Base core section Base (m CSF-A)
Blake 114 1 el 1H-3A-28 3.30 1H-3A-63 3.65 36 3
Iceland Basin 188 2 e2 2H-1A-82 5.82 2H-1A-84 5.84 3 0
Pringle Falls 238 10 e3 2H-2A-19 6.69 2H-2A-71 7.21 44 2
Big Lost 559 14 e4 3H-1A-85 15.35 3H-1A-94 15.44 10 0
La Palma 580 8 e5 3H-3A-6 17.57 3H-3A-10 17.61 5 0
3H-7TW-52-54 23.64 0 1
Osaka 677 22 e6 4H-1A-4 24.04 4H-1A-20 24.20 17 2
Cln (Bruhnes) 773 2 nl 4H-1A-86 24.86
Kamikatzura 868 10 e7 4H-3A-98 28.00 4H-3A-103 28.05 6
Santa Rosa 932 5 e8 4H-4A-48 29.02 4H-4A-54 29.08 7
Clr.1r (Top Jaramillo) 990 4 rl 4H-5A-148 31.53
Clr.1n (Base Jaramillo) 1,070 3 n2 S5H-1A-43 33.93
SH-1A-61 34.11 S5H-1A-68 34.18 8
Punuaru 1,115 10 e9 5H-1A-78 34.28 5H-1A-99 34.49 22
Clr.2r (Top Cobb) 1,180 6 12 SH-5A-68 40.12
Clr.2n (Base Cobb) 1,215 10 n3 SH-6A-38 41.32
5SH-6A-99 41.93 SH-6A-112 42.06 14 0
Bjorn 1,255 5 el0 6H-2A-33 44.84 45.09 26 0
Gardar 1,460 10 ell 7H-3A-32 55.83 7TH-3A-41 55.92 10 0
Gilsa 1,584 el2 7H-6A-19 60.23 7TH-6A-52 60.56 33 0
C1r.3r (Top Olduvai) 1,775 5 3 9H-4A-60 76.57
9H-6A-88 79.78 9H-6A-96 79.86 9 0
9H-6A-107 79.97 9H-6A-116 80.06 10 0
11H-1A-84 91.34 11H-1A-93 91.43 10 0
11H-5A-60 97.11 11H-5A-73 97.24 14 0
C2n (Base Olduvai) 1,925 5 n4 11H-5A-98 97.49
11H-6A-4 98.05 11H-6A-34 98.35 31 0
Huckleberry Ridge 2,078 3 el3 12H-3A-72 103.64 12H-3A-75 103.67 4 1
12H-3A-94 103.86 12H-3A-108 104.00 4 0
12H-5A-35 106.19 12H-5A-41 106.25 7 0
12H-6A-33 107.64 12H-6A-40 107.71 8 0
C2r.1r (Top Feni) 2,116 4 14H-1A-4 119.04
Base-Feni 2,137 5 nS 14H-5A-115 125.99
Reunion 2,200 10 el4 15H-1A-32 128.82 15H-1A-34 128.84 3 1
Halawa 2,445 el5 18H-3A-62 160.62 18H-3A-62 160.62 25 1
19X-1A-73 167.23 19X-1A-77 167.27 5 0
L4? 2,540 el6 19X-1A-81 167.31 19X-1A-90 167.40 10 1
19X-1A-111 167.61 19X-1A-115 167.65 5
19X-1A-120 167.7 19X-1A-125 167.75 6
C2r.2r (Matuyama) 2,595 5 r5 20X-1A-4 172.54
L5? 2,620 5 el7 20X-3A-20 175.70 20X-3A-38 175.88 19 0
Note. Ages and uncertainties of the GPTS are from Channell et al. (2020)
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Table 4

Magnetic Events of Hole UI1563A

Base of GPTS event

Number of data

points

SRM Discrete

GPTS event Age [ka] Uncertainty [ka] Name Top core section Top (m CSF-A) Base core section Base (m CSF-A)
Iceland Basin 188 2 el 2H-1A-12.5 7.525 2H-1A-22.5 7.625 6 2
4H-6A-120 35.080 4H-6A-127.5 35.155 4 0
Big Lost 559 14 e2 4H-7A-25 35.620 4H-7A-37.5 35.745 6 1
Osaka 677 22 e3 6H-2A-42.5 47.325 6H-2A-57.5 47.475 7 0
e4 6H-6A-70 53.600 6H-6A-82.5 53.725 6 1
6H-6A-95 53.850 6H-6A-102.5 53.925 4 0
Cl1n (Bruhnes) 773 2 nl 6H-6A-115 54.050
Kamikatzura 868 10 e5 TH-5A-34 61.29 TH-5A-53 61.39 5
Santa Rosa 932 5 €6 7TH-6A-97 63.425 7TH-6A-110 63.55 6
Clr.1r (Top Jaramillo) 990 4 rl 8H-3A-55 67.960
Clr.1n (Base Jaramillo) 1,070 3 n2 9H1AS 73.950
Punuaru 1,115 10 e7 9H-2A-27.5 75.675 9H-2A-37.5 75.775 5 0
Clr.2r (Top Cobb) 1,180 6 2 9H-4A-112.5 79.525
Clr.2n (Base Cobb) 1,215 10 n3 9H-5A-37.5 80.295
9H-6A-15 81.560 9H-6A-25 81.660 5 0
Bjorn 1,255 5 e8 9H-7A-20 83.120 9H-7A-35 83.270 7 0
10H-3A-17.5 86.595 10H-3A-22.5 86.645 3 0
Gardar 1,460 10 e9 11H-3A-17.5 96.085 11H-3A-67.5 96.585 21 1
11H-4A-142.5 98.835 11H-4A-145 98.860 2 0
11H-6A-27.5 100.705 11H-6A-45 100.880 8 0
Gilsa 1,584 el0 11H-6A-88 101.305 11H-6H-130 101.730 18 0
12H-6A-32.5 110.275 12H-6A-35 110.300 2 0
Cl1r.3r (Top Olduvai) 1,775 5 r3 12H-7A-55 112.000
13H-1A-35 112.250 13H-1A-42.5 112.325 4 0
13H-1A-55 112.450 13H-1A-57.5 112.475 2
13H-2A-60 114.000 13H-2A-70 114.100 5
C2n (Base Olduvai) 1,925 5 n4 14H-2A-35 123.250
Huckleberry Ridge 2,078 3 ell 15H-2A-40 132.810 15H-2A-42.5 132.835 2 0
C2r.1r (Top Feni) 2,116 4 15H-3A-92.5 134.835
Base-Feni 2,137 5 n5 15H-4A-85 136.260
15H-4A-110 136.510 15H-5A-30 137.220 26 0
Reunion 2,200 10 el2 15H-5A-40 137.320 15H-5A-42.5 138.925 5 0
17H-5A-50 156.450 17H-5A-95 156.900 19 1
Halawa 2,445 el3 17H-6A-120 158.670 17H-6A-127.5 158.745 4 0
19H-1A-125 170.150 19H-1A-130 170.200 3 0
L4? 2,540 5.000 el4 19H-3A-50 172.410 19H-3A-95 172.860 19 1
C2r.2r (Matuyama) 2,595 5 5 21H-3A-72.5 191.645
C2An.1n (Gauss) 3,032 n6 30F-1A-45 235.450
C2An.1r (Keana) 3,116 6 31F-1A-97.5 240.675
C2An.2n 3,207 n7 32F-4A-22.5 248.565
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Table 4
Continued
Number of data
Base of GPTS event points
GPTS event Uncertainty [ka] Name Top core section Top (m CSF-A) Base core section Base (m CSF-A) SRM  Discrete
C2An.2r (Mammoth) r7 39F-2A-55 279.360
C2An.3n n8 44F-3A-85 304.650

Note. Ages and uncertainties of the GPTS are from Channell et al. (2020)

model) in Hole U1563A but significantly deeper than expected in Hole U1555H. This difference can likely be
attributed to the sporadic occurrence of this marker species close to its extinction in Hole U1555H.

2. Top Helicosphaera sellii (nannofossil; 1.24 Ma) was found slightly deeper relative to the Cobb Mountain
event than expected. This result may be due to diachrony in its extinction, which may have occurred slightly
earlier in the North Atlantic relative to elsewhere.

3. Base common Neogloboquadrina pachyderma (sinistral) (foraminifer; 1.82 Ma) was found at an anomalously
deep position in Hole U1563A. The event relies on correlating a marked increase in the abundance of the
marker species, but it can be mis-located if local abundance fluctuations do not define a clear step change.

4. Base Globigerina umbilicata (foraminifer; 2.07 Ma) occurs shallower in Hole U1555H than U1563A. This
difference is likely due to the rarity of the marker species near the beginning of its range and difficulty in
distinguishing it from its ancestral species Globigerina bulloides.

5. Top Neogloboquadrina atlantica (foraminifer; 2.26 Ma) occurs deeper than expected in both holes. The
marker species peaks in abundance before its extinction, so the event is easy to recognize in the core. Hence,
our data suggest that a slightly older calibration may work better.

6. Base Globigerina cariacoensis (foraminifer; 2.26 Ma) was found deeper than the expected level in Hole
U1563A and was not recorded in Hole U1555H. It is a distinctive species when well established but appears to
grade into its ancestor Globigerina bulloides at deeper levels, making the biohorizon difficult to recognize
consistently.

The age constraints from Hole U1555H indicate that the uppermost ~60 m of the sedimentary succession has an
~3.3 cm/kyr sedimentation rate, which gradually increases with depth in the lower part of the hole (up to
~10 cm/kyr). Apart from the transition between Lithological Subunits IA and IB at ~62 m CSF-A, no major
change in lithology or other clear sedimentological evidence for a stratigraphic gap is apparent in any part of the
succession. However, cryptic disconformities may exist and could be revealed by future research (for instance
with the identification of glacial/interglacial cycles), and the lack of a complete composite stratigraphy hampers
further conclusion. The age of the lowermost sediment in Hole U1555H is estimated at ~2.65 Ma, indicating a
slightly younger age than the 2.8 Ma basement age estimated from satellite and regional shipboard magnetic data
(Parnell-Turner et al., 2022).

The age constraints from Hole U1563A suggest that the sedimentary succession appears fairly continuous from
the seafloor to the base of Feni Subchron C2r.1n (2.14 Ma) at ~136.29 m CSF-A with an average sedimentation
rate of ~6.3 cm/kyr. From ~136.29 m CSF-A down to the base of Subchron C2An.2n (3.21 Ma) at 248.57 m CSF-
A, the apparent average sedimentation rate is higher at 10.5 cm/kyr. There appears to be one or more hiatuses, or
condensed intervals, around the base of Gauss Subchron C2An.3n (3.596 Ma) at ~300 m CSF-A. This interval
may correspond to an abrupt change in sedimentary fabric and the presence of gravel and sand in the lower part of
Core U1563A-43F from below 298.29 m CSF-A. The oldest age constraints (toward the bottom of the hole; not
included in Figure 7) are provided by two planktonic foraminifera bioevents, Base Globoconella puncticulata
(4.54 Ma) and Base Globorotalia crassaformis (4.60 Ma), at a mean depth of 315 CSF-A m. The Base G.
puncticulata event can be considered as robust because it is well calibrated across the entire Atlantic Ocean and
Mediterranean Sea, appearing at 4.54 Ma, having migrated in from the Pacific.

The average sedimentation rate for the lower part of the succession below Subchron C2An.3n (3.60 Ma) is
~1.5 cm/kyr and the extrapolated age estimate for the oldest sediment at the site is 5.20 Ma, which matches with
the estimated basement age of 5.2 Ma (Parnell-Turner et al., 2017).
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Figure 8. Magnetostratigraphy from U1555 and U1563 (depth in m CSF-A, back/white/gray = normal polarity/reverse
polarity/uncertain) compared with Site U1314 (Ohno et al., 2012) and Site 984 (Channell, 1999; Channell et al., 1997, 2002)
with the reference GPTS scale (Ogg, 2020). In bold are the names of chrons/subchrons and excursions that are considered
robust in Channell et al. (2020). L5, L6, L7 and Raiatea (as in Ohno et al., 2012) are not included in Channell et al. (2020).
Gray shades between magnetostratigraphy logs represent the correlation between sites of the main (normal) chrons/
subchrons and dashed lines the correlation with magnetic excursions.

We note some deviations from relatively stable sedimentation rates. The timing of the Huckleberry Ridge
excursion in Hole U1555H may suggest that the local sedimentation rate at that time exceeded the longer-term
average sedimentation rate, whereas the same excursion in Hole U1563A confirms a constant sedimentation
rate there. A similar pattern is observed in the timing of the Halawa and L4 excursions in Hole U1563A, which are
not observed in the same excursions in Hole U1555H. These departures from constant sedimentation rates might
represent local, previously undocumented sedimentary accumulations, or could be due to problems with iden-
tifying and correlating specific events to the GITS or the quoted calibrated ages used in the GITS.

4. Discussion

Sediments deposited at high rates can provide high-resolution records of the geomagnetic field behavior. Previous
DSDP/ODP/IODP sites from the North Atlantic Ocean have been used to discover and validate magnetic events
(polarity reversals and excursions) leading to the reference GITS. However, only some of these excursions are
described from multiple independent records (marine sedimentary and continental) and are considered robust in
terms of chronology and occurrence (Channell et al., 2020); these are marked in bold in Figure 8. Other excursions
are not considered to be robustly constrained (yellow or orange events in the GITS of Channell et al. (2020), and
names in gray in Figure 8) as they are not reported in multiple records or over a significant geographical
distribution.
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Table 5
Summary of Magnetic Events of International Ocean Discovery Program Expedition 395C Sites U1555 and U1563 From This Study, Compared With Integrated Ocean
Drilling Program Expeditions 303 and 306 Site UI314 and Ocean Drilling Program Leg 162 Site 984

U1555 U1563 IODP U1314 ODP 984
Name in Midpoint Name in Midpoint ~ Name in Onho et al. Name in Channell et al.
GPTS event Age [ka] Figure 6a depth Figure 6b depth (2012) Age [ka] (2002) Age [ka]
Blake 114 £ 1 el 35
Iceland Basin 188 +2 e2 5.8 el 7.6 v
Pringle Falls 238 + 10 e3 7.0
Big Lost 559 + 14 ed 15.4 e2 35.7 \%
La Palma 580 =8 e5 17.6
Osaka 677 £ 22 eb 24.1 e3 47.4
e4 53.7
Cln (Bruhnes) 773 £ 2 nl 24.9 nl 54.1 v \Y%
Kamikatzura 868 + 10 e7 28.0 e5 61.3 A%
Santa Rosa 932+ 5 e8 29.1 eb 63.5 v v 932
Clr.1r (Top 990 + 4 rl 31.5 rl 68.0 v v
Jaramillo)
Intra-Jaramillo \"% 1,048
Clr.1n (Base 1,070 = 3 n2 339 n2 74.0 \% \%
Jaramillo)
Punuaru 1,115 £ 10 e9 34.4 e7 75.7 v 1,115
Clr.2r (Top 1,180 £ 6 2 40.1 2 79.5 A% A% 1,190
Cobb)
Clr.2n (Base 1,215 + 10 n3 413 n3 80.3 A% \Y 1,215
Cobb)
Bjorn 1,255+ 5 el0 45.0 e8 83.2 \% 1,255
Gardar 1,460 = 10 ell 55.9 €9 96.3 A% 1,472—
1,480
Gilsa 1,584 el2 60.4 el0 101.5 \% 1,567-
1,575
Clr.3r (Top 1,775 £ 5 r3 76.6 r3 112.0 A% \Y
Olduvai)
C2n (Base 1,925 5 n4 97.5 n4 123.3 v \%
Olduvai)
Huckleberry Ridge 2,078 + 3 el3 103.7 ell 132.8 \% 1,977
C2r.1r (Top Feni) 2,116 r4 119.0 r4 134.8 A%
Base-Feni 2,137 £5 n5 126.0 n5 136.3 A%
Reunion 2,200 = 10 el4 128.8 el2 139.7 L1 2,250
Halawa 2,445 el5 160.6 el3 158.7 L3 2,440
L4 2,540 £ 5 el6 167.4 el4 172.6 L4 2,530—
2,550
C2r.2r 2595 +£5 5 172.5 5 191.6
(Matuyama)
L5 2,620 + 5 el7 175.8 LS 2,620
C2An.1n (Gauss) 3,032 n6 235.5 A%
C2An.1r (Keana) 3,116 6 240.7
C2An.2n 3,207 n7 248.6
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Table 5
Continued
U1555 U1563 IODP U1314 ODP 984
Name in Midpoint Name in Midpoint ~ Name in Onho et al. Name in Channell et al.
GPTS event Age [ka] Figure 6a depth Figure 6b depth (2012) Age [ka] (2002) Age [ka]
C2An.2r 3,330 r7 279.4
(Mammoth)
C2An.3n 3,596 n8 304.7

Note. GPTS events marked in bold are identified as robust in Channell et al. (2020), and those marked in gray are the Chrons and subchrons, versus the excursions. “V”
symbols indicate that the events were recognized in the two legacy Sites. Ages and uncertainties of the GPTS are from Channell et al. (2020).

In this study, we present the interpreted magnetostratigraphy of two sites, Holes U1555H and U1563A (Tables 3
and 4). Beyond recognizing all the main polarity chrons and subchrons used to construct the age-depth plot
(Figure 7), we correlated 16 excursions between the two sites (Figure 8; Table 5).

In the current GITS (Channell et al., 2020) only 4 excursions (41.1 £ 0.35 ka, Laschamp (Lascu et al., 2016);
114 + 1 ka, Blake (Osete et al., 2012); 188 ka, Iceland Basin; 559 + 14 ka, Big Lost (Lanphere et al., 2002)) out of
16 are identified as robust during the Brunhes Chron (0-773 ka). Of these four confirmed excursions in the
Brunhes Chron, three (Blake, Iceland Basin, and Big Lost) are recognized in U1555 and two (Iceland Basin and
Big Lost) in U1563. Additionally, the Osaka excursion is correlated at both sites. The slight discrepancy between
the two sites could be attributed to the different sedimentation rates (lower in U1555 Site); however, these
sedimentation rates are apparent and less reliable because we could not obtain a splice depth scale for these two
sites. Another possible reason for this discrepancy is that shipboard measurements were obtained at different
resolutions (1.0 cm for Site U1555 and 2.5 cm for Site U1563), leading to possible downsampling of short
duration excursions. In the upper Brunhes chron, the Laschamp excursion is not recognized, probably due to a
disturbed sedimentary fabric as highlighted by a non-vertical k3 or locally lower sedimentation rates.

In the Matuyama, 8 excursions out of 14 are considered robust in the GITS of Channell et al. (2020) (927 + 2 ka,
Santa Rosa; from 990 + 4 ka to 1,070 + 3 ka, Jaramillo; 1,126 = 3 ka, Punuaru; from 1,186 + 1 ka to
1,221 + 11 ka, Cobb Mountain; 1,258 + 31 ka, Bjorn; ~1,584 ka, Gilsa; from 1787 £ 15 to 1,948 £ 2 ka, Olduvai;
and from 2,116 to 2,140 ka, Feni). All eight robust excursions in the Matuyama are found at Sites U1555 and
U1563, in addition to the less constrained Kamitzukara, Huckleberry Ridge, Gardar, Reunion and Halawa ex-
cursions. In both sites, we identified an additional excursion after the onset of the Matuyama not correlatable with
any known event in the GITS.

The detailed magnetostratigraphy from Sites U1555 and U1563 can be compared with other contourite sites
deposited in the North Atlantic region (Figures 1 and 8, Table 5), including Site 984 located on Bjorn Drift
(Figure 1, 61°25’'N, 24°04'W, water depth 1,659 m; Jansen et al., 1996), and Site U1314 (56°21.9'N, 27°53.3'W,
water depth 2,820 m; Figure 1), which provides a detailed nearby record of the lower Matuyama excursions (Ohno
et al., 2012).

In Figure 8, we compare records from Sites U1555 and U1563 with Site 984 where only two excursions in the
Brunhes and eight in the Matuyama can be correlated. Such discrepancy can be explained by the relatively low
measurement frequency (5 cm intervals) available to reconstruct the magnetic events of Site 984, which may have
led to missed short-lived events (excursions can last around 3 kyrs). Moreover, the Site 984 record is limited to a
depth of 250 m CSF-A (estimated age of 2.1 Ma) due to an abrupt increase in visible drilling disturbance close to
the base of the APC section.

From Expeditions 303 and 306 (Channell, Curtis, & Flower, 2004; Expedition 306 Scientists, 2006), we compare
our sites to Site U1314 (Figure 8) as it is the northernmost of the three sites and previous studies have been
published to present excursion records (Ohno et al., 2008, 2012). Site U1314 was drilled in the Gardar Drift (56°
21.9'N, 27°53.3’W, water depth 2,820 m; Figure 1). Despite the relatively low measurement frequency (measured
shipboard every 5 cm), the Feni excursion was identified. Below that, Ohno et al. (2012) described eight excursion
events (L1-L8) in the lower Matuyama (2.75 and 2.1 Ma). Only one, L8, was correlated by the authors with a
known event named Raiatea from lavas of French Polynesia (Yamamoto et al., 2007). We suggest the correlation
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of two additional events, L1 and L3, with GITS excursions Reunion and Halawa, respectively. While L1 and L3
were also recognized in our records (not correlated with known events), L2 was not recognized in either of our
records.

None of the four events in the Gauss were correlated by Ohno et al. (2012) with the Porcupine excursion (2,737
ka) of Channell et al. (2020). However, Ohno et al. (2012) described two events, L7 (2,710 ka) and L8 (2,750 ka),
which could be correlated to it because of the similar ages, considering their age model uncertainties. A shift of
20 cm was already observed in Ohno et al. (2008) while studying the Matuyama-Gauss transition; such a shift
would correspond to 1 kyr because the sedimentation rate at this depth is nearly 20 cm/kyr. In addition, the age
may include an error of up to ~5 kyr because the age model is constructed by matching the 41-kyr periodicities in
environmental variations. Similar discrepancies of ~5 kyr between the age assigned to L1 and L3 in Ohno
etal. (2012) and the GITS are noted. Beyond the age discrepancies, which cannot be resolved in this study, in both
Sites U1555 and U1563 we recognize an event which we correlate, for the first time, with L4 (2,530-2,550 ka in
Ohno et al., 2012). We also recognize the LS event in U1555. These two events are not included in the GITS, and
additional records are needed to confirm their robustness.

Although we adopted ages for excursions in accordance with Channell et al. (2020), little consensus exists on the
age, duration, and geomagnetic significance of these excursions (see reviews of Singer (2014) and Channell
etal. (2020)). These current disagreements limits the use of these instabilities as a robust dating tool (see overview
in Channell et al. (2020)), as well as our ability to understand the origin and mechanism of short- (and long-) term
variations (e.g., Aubert et al., 2010; Roberts, 2008). The existence of geomagnetic excursions challenges our
current understanding of deep-Earth dynamics.

In this study, we correlated 13 excursions within the Brunhes and the Matuyama Chrons, of which 7 have not
previously been robustly defined. One additional event in the lower Matuyama and one in the upper Gauss are
tentatively correlated with two events previously described by Ohno et al. (2012) but do not appear in the GITS
(Channell et al., 2020). While additional records are needed to robustly constrain some of these events (Pringle
Falls, La Palma, Osaka, Kamitzukara, Gardar, Huckleberry Ridge, Reunion, Halawa, and L4), they could
eventually serve as a powerful and refined dating tool, aiding in detecting local changes in sedimentation rates.

Excursions can be partially or inadequately recorded, largely due to their short duration. This brief duration makes
them vulnerable to destruction by bioturbation or drilling disturbance, and susceptible to the effects of filtering of
the magnetization signal by the process of acquisition of detrital remanent magnetization, as well as absence due
to nonuniform or low sedimentation rates (Channell, 2017). Hence, only high-resolution records can adequately
resolve geomagnetic excursions, which is only possible in settings with relatively high and continuous sedi-
mentation rates with limited sediment disturbance and lithologies that preserve the EMF with high fidelity. Such
records also need to be continuously sampled (i.e., cored) with limited disturbance.

Future work on sediments from Sites U1555 and U1563 will involve reconstructing a relative paleointensity
record, cyclostratigraphy and oxygen isotope analyses to better constrain the age of these magnetic events.
Moreover, other IODP Expedition 395C/395 Sites, some of which extend further into the past, have the potential
to reveal possible excursions during the Gauss Chron, where no excursions have been well documented (Laj &
Channell, 2007).

5. Conclusions

We present the magnetostratigraphy of Sites U1555 and U1563 cored during IODP Expedition 395C in the North
Atlantic Ocean. The two sites are drift-like in being clastic dominated but the sedimentation rates are lower than
the central parts of nearby Bjorn and Gardar drifts, as only the lower part (>60 m CSF-A) of Hole U1555H has a
sedimentation rate of 10 cm/kyr (the upper part is about 3.3 cm/kyr and U1563 is about 6.3 cm/kyr). The
continuous, relatively undisturbed core recovery, moderate to high deposition rates, and homogeneity of the
drilled sediments, along with their ability to record the geomagnetic field with high fidelity, make them ideal for
the construction of refined magnetostratigraphies. Combining these records with other paleomagnetic records
from the North Atlantic brings greater clarity to the GITS within the Brunhes and the Matuyama Chrons. In
addition to the recognition of all the expected polarity changes associated with the chrons and subchrons, the new
high-resolution records contain 13 excursions, 7 of which were previously considered not robust, and one was
never recognized outside of the legacy Site U1514. With this study, we contribute toward refining the current
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GITS and expanding its use as a correlation and dating tool. The new data will also serve as a tool to investigate
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