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ARTICLE INFO ABSTRACT

Keywords: The Padul-15-05 sediment core provides an exceptional perspective of the paleoenvironmental and climate
Paleoclimate change in the Western Mediterranean region for the last ca. 200 kyr. However, even though a robust chronology
Magnetic excursion mainly relying on radiometric dating is available for the last 50 ka, the chronology for the older sediments is not
il:ll;en d Basin yet fully resolved. Ages for the bottom part of the core (>21 m) were previously inferred from amino-acid
Padul racemization dating and sediment accumulation rates. In this work, we provide a more accurate chronology

for the older part (>100 kyr) of the Padul-15-05 sediment core record based on the recognition of past Earth’s
magnetic excursions. We identify an interval prone of reversed polarity samples close to MIS-5e/5 d transition
that we correlate to the Blake geomagnetic excursion (116.5 kyr-112 kyr). In addition, we identify an interval of
low inclinations and two reversed samples that we interpret as the Iceland Basin geomagnetic excursion (192.7
kyr-187.7 kyr: wide scenario of VGP <40°). Our new results, which include IRM acquisition curves that
contribute to understand the magnetic mineralogy, enhances the robustness of the age model for the Padul-15-05
sedimentary sequence by adding an independent age dataset with new accurate tie-points. Our refined age
control together with the available paleoenvironmental and paleoclimate multiproxy data provide insightful
information to unveil the response of the western Mediterranean environments to regional environmental and
climate change.

Mediterranean paleoclimate

(>100 kyr) from southwestern Europe and the Mediterranean region.
The Padul paleoenvironmental data provides an opportunity to assess

1. Introduction

The Padul wetland, located in SE Spain (Fig. 1), preserves a long and
continuous sedimentary and paleoenvironmental record of the last ~1
Ma (Ortiz et al., 2004). For decades, it has been considered an
extraordinary and unique paleoenvironmental and paleoclimatic
archive in the Iberian Peninsula (Menéndez-Amor and Florchiitz, 1962;
Pons and Reille, 1988; Ortiz et al., 2004; Camuera et al., 2018, 2019),
containing one of the few long and continuous sedimentary records

the climatic evolution of the critical Mediterranean zone, valuable to
constrain predictive climate models (Pancost, 2017). Several sedimen-
tary cores have been taken in this area during the last 50 years; however,
the development of an accurate chronology has been a critical issue,
especially beyond the range of the radiocarbon dating (Menéndez-Amor
and Florchiitz, 1962; Pons and Reille, 1988; Ortiz et al., 2004; Camuera
et al., 2018).
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Among all the available records, here we focus on the Padul-15-05
core, which has provided key insights on the environmental evolution
of a Mediterranean wetland area during the last two glacial-interglacial
climate cycles, based on lithological characterization, element
geochemistry analysis (Ramos-Roman et al., 2018a, 2018b; Camuera
et al., 2018), lipid biomarkers (Garcia Alix et al., 2021; Rodrigo-Gamiz
et al., 2022) and detailed palynological analyses (Ramos-Roman et al.,
2018a, 2018b; Camuera et al., 2019, 2021, 2022).

An accurate chronology is available for the Padul-15-05 core for
sediments younger than 50 kyr based on radiocarbon dating. However,
the chronology for older intervals is yet uncertain (Camuera et al., 2018)
and only is based on ages derived from amino acid racemization (AAR)
in mollusk shells, which lead to large uncertainty in ages of up to +30
kyr, and from sedimentary accumulation rates estimated for the
different sedimentary facies (Camuera et al., 2018).

In this work, we explore the record of geomagnetic excursions, short-
lived episodes when Earth’s magnetic field deviates into an intermediate
polarity state (Roberts, 2008), that can provide useful chronological
information (Tucholka et al., 1987). The occurrence of Earth’s
geomagnetic excursions in the Padul-15-05 core could provide precise
age constraints in sediments older that the high-resolution radiocarbon
interval (i.e. older than ca. 50 kyr BP). We aim to investigate magnetic
polarity of an interval close to the end of the MIS-5e/5 d transition in the
Padul-15-05 record, that would contain the Blake geomagnetic excur-
sion (112 kyr-125 kyr; Laj and Channell, 2007). In addition, we inves-
tigate the presence of the Iceland Basin geomagnetic excursion
(midpoints of the excursion in the 192 - 189 kyr range; Channell et al.,
2014) close to the interpreted MIS-7/6 boundary. These well-known
excursions could provide time constraints to build a more accurate
dating of a precious paleoenvironmental archive, bringing out new in-
sights on the implications of climate change on the Western Mediter-
ranean area.

To test the occurrence of geomagnetic excursions in the Padul-15-05
record, we first assessed the magnetic carriers by means of isothermal
remanent magnetization (IRM) acquisition for all the facies represented
in the studied interval. After a positive determination of the suitability of
magnetic mineralogy to carry out alternate field (AF) demagnetization,
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we then demagnetized, and interpreted the magnetic inclination for a set
of 101 samples throughout the lower part of the core (below 21 m depth)
focusing on the expected position for the targeted excursions (Blake and
Iceland Basin, Fig. 2). We present the IRM acquisition results and the
demagnetization results. We show that there is an interval prone of
reversed polarity samples occurring during the climatostratigraphically
and paleoenvironmentally constrained MIS-5e/5 d transition, that we
identify as the Blake geomagnetic excursion. In addition, an interval
with reversed and low magnetic inclinations at the base of the core is
here interpreted as the Iceland Basin geomagnetic excursion. Based on
this new age constraints, we present a new chronology for the Padul-15-
05 record.

2. Geological setting of the padul wetland

The Padul wetland is located at the foothill of the Sierra Nevada
range (South Iberian Peninsula), at 726 m above sea level, in the small
(45 kmz) NW-SE elongated Padul-Niguelas extensional endorheic basin.
The Sierra Nevada is an E-W aligned alpine mountain chain, located in
the Internal Zone of the Betic Cordillera, with elevation ranging between
ca. 900-3479 m above sea level. Despite its meridional location, its high
topography sustained glacial conditions during the cold phases of the
Late Pleistocene (Schulte, 2002). However, due to its southernmost
location and the nearby Mediterranean Sea influence, Late Pleistocene
valley glaciers occurred at higher elevation in Sierra Nevada than in
other mountain ranges of the Iberian Peninsula (Gomez-Ortiz et al.,
2005). Valley glaciers extended down to ca. 2000-2100 m on
north-facing slopes and to ca. 2400-2500 m on south-facing slopes
during the Late Pleistocene (Palacios et al., 2016). The sedimentary
archive of the Padul wetland registered continuous lacustrine and
peatland sedimentation during the last 1 Ma, which made this wetland
an environmental refuge for cold faunas during extreme climatic events
(Alvarez Lao et al., 2009; Garcia-Alix et al., 2012).

Previous cores from the Padul wetland (Menéndez-Amor and Flor-
schutz, 1964; Florschutz et al., 1971; Pons and Reille, 1988; Ortiz et al.,
2004) present different sediment thickness and sedimentation rates
depending on their proximity to the depocenter of the basin, located
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Fig. 1. (A) Geographical location of the Padul study site at the foothill of the Sierra Nevada Range, SE Spain. On the right, (B) a more detailed location of the Padul-

15-50 core record.
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PADUL-15-05 Fig. 2. The Padul-15-05 core and the available
0 chronology based on radiometric and amino acid
‘? racemization dating (Camuera et al., 2018). Red
- @ Radiocarbon age squares mark our intervals of study. Orange dashed
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near the main Padul-Niguelas fault at the NE edge of the basin (Domi-
ngo-Garcia et al., 1983). Here we study the Padul-15-05 core (37°00'39”
N, 3°36°°14” W), which was drilled in July 2015, at around 50 m from
the current edge of the Padul lake. A continuous core was retrieved using
a Rolatec RL-48-L hydraulic piston coring machine from the Centre for
Scientific Instrumentation of the University of Granada. Drilling ended
at 42.64 m depth when conglomerates were found, precluding further
coring.

2.1. Sedimentary facies

The lithology of the Padul-15-05 in the core interval studied here
(41.71 m-21 m), begins with peat sediments at the bottom (42.64 m
depth) up to 28.78 m depth. Three thin marl layers are interbedded at
41.71-41.38 m, 40.81-40.24 m and 39.52-39.33 m depth, whilst a thin
clay layer is found at 33.22-32.35 m depth. Marls predominate from
28.78 m to 25.44 m, transitioning to carbonate sediments up to 23.57 m
depth. From 23.57 m to 5.98 m depth lithology is mainly composed of
peat (Fig. 2). Ten thin dolomitic layers with maximum thickness of 7 cm
(each layer) are randomly distributed in the study interval at 40.22,
39.29, 39.05, 38.83, 32.31, 23.58, 23.47, 22.75, 22.49, and 21.71 m
depth.

2.2. Age model

In this section, we focus on the Padul-15-05 record (Ramos Roman
et al., 2018a, 2018b; Camuera et al., 2018; 2019; 2021) since previous
records of the wetland lack an accurate age control (Nestares and Torres,
1998; Ortiz et al., 2004, 2010; Torres et al., 2020). The age-depth model
of the Padul-15-05 record (Ramos-Roman et al., 2018a; 2018b; Camuera
etal., 2018, 2019, 2021) was obtained from 48 AMS radiocarbon dates

(including 3 compound specific radiocarbon dates) and 4 of amino acid
racemization (AAR) dates from mollusk shells (Fig. 2). In this core, there
are only two dates older than 50 kyr, which yielded ~68 and ~117 kyr
at 13.13 and 23.39 m depth, respectively, and age tie-points are lacking
below that depth. For the lower part of the core, inferred sediment
accumulation rates (SAR) and a cyclostratigraphic analysis of multi-
proxy data suggest that the core preserves a continuous record of the last
~197 kyr (from late MIS-7 up to the present) (Camuera et al., 2018,
2019, 2021, Fig. 2). Accordingly, we focused our analysis on the bottom
part of the core, between 42.64 and 21 m, which would correspond to a
duration of ~104 kyr based on the Camuera et al. (2018) chronology
(Fig. 2).

3. Methods

3.1. Sampling

The Padul-15-05 core is stored at 4 °C in the sediment core repository
of the Department of Stratigraphy and Paleontology of the University of
Granada (Spain). A total of 101 samples were collected from the sedi-
ment core in the laboratory. All samples were taken perpendicular to the
core in plastic boxes, except for 7 samples that were taken in quartz
boxes to perform stepwise thermal demagnetization. In addition, 5
samples were taken in the most characteristic sedimentary facies to
carry out magnetic mineralogy analysis based on IRM acquisition.
Sampling density varies between 5 cm and 15 cm in the critical sampling
intervals (Drive 44, 15 cm; Drive 48, 35 cm; Drive 71, 11 ¢cm; Drive 81,
27 cm; a drive is a part of the core, with variable thickness normally of
around 50 cm) avoiding, when possible, organic-rich levels.
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3.2. Magnetic analysis

Magnetic analyses were carried out at the Paleomagnetic Laboratory
of Barcelona (CCiTUB-CSIC). Natural remanent magnetization (NRM)
and subsequent analysis of sample magnetization were measured using
the cryogenic magnetometer (2-G Enterprises). Before sampling the
core, we conducted measurements of the NRM of the empty plastic boxes
and only those plastic boxes with NRM values below 3e10~8 A/m?
selected for sampling. Once sampled, demagnetization was performed
using an AF Demagnetizer D-Tech 2000 (ASC Scientific). Step-wise
increasing Alternate Fields (AF) were applied in the three-axis di-
rections for each sample upon a significant decay of the NRM intensity,
upon samples displayed erratic directions, or up to 120 mT. Demagne-
tization steps were chosen depending on the NRM intensity. In those
samples with NRM intensity values at least 1107 A/m? demagneti-
zation steps averaged 15 mT, whilst steps of 2 mT were conducted in
samples with lower NRM intensity values. Thermal demagnetization
was also performed for 7 samples in quartz boxes. In order to identify the
main carriers of the magnetic remanence, acquisition of the isothermal
remanent magnetization (IRM) at room temperature was done by means
of the Pulse magnetizer ASC IM10-30 (ASC-Scientific) on selected
samples previously AF demagnetized. IRM steps were, first, a step in -z of
1200 mT, to apply a maximum field in order to align the random
magnetization after AF’s, and subsequently steps of (+z) 2, 4, 6, 8, 10,
12.5, 15, 20, 25, 30, 40, 50, 60, 70, 80, 100, 150, 200, 300, 400, 600,
800, 1000 and 1200 (mT). This procedure also implies a backfield
analysis and determination of Hc.

Quaternary Geochronology 74 (2023) 101421
4. Results

4.1. Magnetic mineralogy

We carried out acquisition of the IRM analysis for the whole range of
facies present in the samples that underwent demagnetization proced-
ures. These lithologies are dolomitic facies (BL5 at 22.75 m and IB19 at
39.05), organic peat facies (BL9 at 22.92 m), carbonate facies (BL 40 at
24.81 m), and clayey peat (IB 13 at 38.34). IRM acquisition results
reveal that a soft magnetic mineral is the main magnetic carrier for all
samples (Fig. 3), since IRM curves saturate between 200 mT and 400
mT, discarding the presence of hard magnetic minerals like hematite or
goethite, and Hc depict low values (<50 mT) for all samples except IB19.
This sample consists of dolomite facies and shows higher Hc values and
higher field saturation, which suggests that there is a relative increase in
a harder magnetic component. For all samples, our results evidence that
magnetic remanence is carried by a low magnetic coercivity mineral,
more likely (Ti-)magnetite, although the presence of maghemite cannot
be excluded. The magnetic carrier for sample IB19 is probably also
magnetite but mixed with a harder component. The revealed predomi-
nance of soft magnetic carriers ensures that AF demagnetization is an
appropriate technique to correctly isolate the characteristic components
of the studied samples.

Nevertheless, stepwise thermal demagnetization was also tested in
seven specimens in quartz boxes. Lithologies that underwent thermal
demagnetization are peat (BL25 at 23.10 cm, BL16 at 23.20 cm) and
carbonate (BL19 at 23.27 ¢cm; BL 21 at 23.31 c¢m; BL 23 at 23.36 cm; and
BL38 at 24.6 cm). Erratic directions appear at low temperatures, nor-
mally between 200°C and 250 °C (in Fig. 4, BL-21), which is interpreted
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Fig. 3. Acquisition of the IRM curves for five representative samples. The similarity between IRM curves reveal small differences in magnetic carriers; all of them
depict a relatively low field saturation, which points towards magnetite as the main magnetic carrier. He: Coercivity.
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Fig. 4. Demagnetization diagrams of characteristic samples. All the samples are interpreted as of normal polarity with positive inclinations (white dots) except for
BL-9, PD-10 and IB-28, which are interpreted as samples of reversed polarity. Sample BL-8 show high coercivity minerals and a non-complete demagnetization, and is
discarded for defining a magnetic polarity. Also discarded is sample BL-21, which underwent thermal demagnetization, and depict a non-reliable direction.

as a result of sulfide transformation into magnetite during the heating

process.

4.2. Natural remanent magnetization

NRM values range between 10 and 1500 e10~®A/m along the core.
There are some outliers with very high NRM values (>5000 €107%A/m)
represented by BL8, BL 26, PD 34, IB31, IB32, and IB42 (Figs. 4-6).
These samples were discarded for magnetic polarity interpretation due

viscous component and depict a straight decay to the origin during

progressive demagnetization (BL26). Other samples show a non-
complete demagnetization likely related to the occurrence of a high
coercivity magnetic carrier (BL8, Fig. 4) that resisted AF demagnetiza-
tion. Other samples show an ordinary behavior (PD34, 1B31, IB32,

to their anomalous high values. Some of these samples do not show the

1B42), but due to their high NRM, we did not consider them for polarity
interpretation. There is no link between intervals of high magnetic
susceptibility and samples with anomalously high NRM intensity values
(Figs. 5 and 6).

There is a correlation between certain facies and magnetic



L. Valero et al.

Quaternary Geochronology 74 (2023) 101421

Padul-15-05 Fig. 5. Demagnetization results for the interval of the
Magnetic Intensity MAD Inclination gad:ﬁ-lFs-os ?Ofrtetranglﬁ‘f fr,‘“tn 260f0ﬂ°1m to 2200 Cg‘
r epth. From left to right: picture of the core recor
Susceptibility (x)  (10° A/m) ©) 5 P . g1 P ’
2200 ) bulk magnetic susceptibility (Camuera et al., 2018),
cm > . . * PD04 NRM intensity, MAD angles, inclination values, and
) | the interpreted polarity from inclination results
- | (black areas mark normal polarity intervals and white
reversed polarity). White-filled dots in the intensity
2250 . o o BL-1-1A and MAD columns are discarded for polarity analysis
? = S i Et%jm due to their high intensity or MAD values > 15°. The
: i ° Bedla rest of white filled dots in the inclination column
{ p BL7AAL® .PDOQBL_6_1 A represent low quality samples, and have been dis-
= b e ELETA g BL-8-1A carded for magnetic polarity interpretation. The grey
= ] . -9-1A s R .
2300 . B [ o BL-101A strip marks the area of anomalous polarity, here
. | o ~11- . .
: PD10 e SR interpreted as the main body of the Blake event. In-
3 AN EHEZ}E clinations between —45° and 45° are considered
(o] - = e
H i PDIS 5° Et%gi A transitional.
, : ) BL-24-1A%" o BL-26-1A
2350 . b4 y—0 °o PD17
. . o BL-30-1A
2 :o - ° BL-:-31-1A(<)7 o PD19
. . BL32-1A° ', ' ppoo
. . . PD21
. L] . BL-35-1A
2400 |
. o o PD22
. . e+ PD25
. ° ¢+ PD26
. . . PD27
s . . o | BL-36-1A
2450 ‘ : s s BP%aa
) o o PD29
% \
| : . . PD30 i BL-39-1A
{ ; * o % PD340 ‘- BL-40-1A
2500 ] . . . PD36
4 . . PD37
.: . ] PD38
. . . PD39
2550 ] ) L . PD40
|
o . . PD41
. ° ° PD42
‘ . . . PD44
2600 i I T T [
-3 0 3 0 10 20 30 40 0 10 20 30 -90-45 0 45 90
x10° x10°

susceptibility, specially between light-brown carbonate facies and clay
facies, which have higher magnetic susceptibility (Camuera et al.,
2018). Principal component analysis results including element
geochemical data obtained by X-ray Fluorescence scanner and magnetic
susceptibility also reveal a positive correlation of magnetic susceptibility
with silica and aluminum content.

4.3. Magnetic polarity results

A reorientation of the core to correct rotations upon drilling has not
been conducted. Hence, magnetic declination is not reconstructed and
Virtual Geomagnetic Poles are not available. Polarity results rely on
magnetic inclinations. The inclination for most of the samples shows two
components. A lower field component, likely a present-day viscous
component, that rapidly (after 5 mT-10 mT) changes towards a more
stable component that we interpret as the Characteristic direction
(ChRM) (Fig. 4). We classified the samples into three qualities depend-
ing on their demagnetization trend. In general, lithology does not con-
trol sample quality, except in those samples with very high organic
matter content, which yield very low intensities and erratic directions

and thus lower quality. Class one shows a ChRM direction towards the
origin (e.g., PD20, BL39, IB6, Fig. 4), class two samples display a cluster
behavior that does not reach the origin (e.g., BL9, PD10) and class three
samples are those with uncertain ChRM directions due to a high MAD
angle or because they do not show a clear decay towards the origin. The
latter were not considered (white circles) for polarity purposes (Figs. 5
and 6). In general, samples show a positive inclination (around 45°) that
we interpret as normal polarity (Figs. 5 and 6). Some intervals, however,
present negative or very low inclinations, such as the intervals ranging
from 2275 cm to 2350 cm depth, 3825 cm-3860 cm, and 3940 cm-4020
cm (shaded areas in green Figs. 5 and 6)

5. Discussion
5.1. Identification of the blake event

The interpretation of the interval between 2321 and 2277 cm as of
reversed polarity is supported by, at least, five samples with negative

inclinations, being four of them consecutive (Fig. 5). Furthermore, low
quality samples, not included in the main analysis, show negative or
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Fig. 6. Demagnetization results for the interval of the
Padul-15-05 core ranging from 4200 to 3650 cm
depth. From left to right: picture of the core record,
bulk magnetic susceptibility (Camuera et al., 2018),
NRM intensity, MAD angles, inclination values, and
the interpreted polarity from inclination results
(black marks normal polarity intervals and white
reversed polarity). White-filled dots in the intensity
and MAD columns are discarded for polarity analysis
due to their high intensity or MAD values > 15°. The
rest of white filled dots in the inclination column
represent low quality samples, and have been dis-
carded for magnetic polarity interpretation. The grey
strip marks an area of negative inclinations, low
quality directions and high MAD angles, interpreted
as the Iceland Basin event. Inclinations between —45°
and 45° are considered transitional.
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very low inclinations (Fig. 5). Lithological and palynological changes in
this interval evidence a higher relative lake level before ca. 2270 cm and
warm and wet conditions related to the MIS-5e (Camuera et al., 2018).
Additionally, the extrapolation of AAR dates (Camuera et al., 2018) and
a cyclostratigraphic analysis of palynological indexes placed the
MIS-6/5 transition (ca. 128 kyr) at ca. 2500 cm (Camuera et al., 2019).

Most of the studies agree in that the Blake geomagnetic event occurs
around the MIS-6/5 transition (e.g. Laj and Channell, 2007). The Blake
event has been recognized as a global geomagnetic feature, formed by
two short periods of almost reverse polarity separated by a short period
of almost normal polarity (Laj and Channell, 2007). The Blake excursion
has been found in diverse geological archives including marine and loess
sediments, caves, stalagmites or volcanic rocks (e.g. Smith and Foster,
1969; Broecker and Van Donk, 1970; Denham and Cox, 1971; Denham,
1976; Creer et al., 1980; Verosub, 1982; Tucholka et al., 1987; An et al.,
1991; Tric et al., 1991; Zhu et al., 1994; Fang et al., 1997; Parés et al.,
2004; Thouveny et al., 2004; Lund et al., 2006; Laj and Channell, 2007;
Bourne et al., 2012; Osete et al., 2012; Channell et al., 2012; Singer
et al., 2014). Different ages for this excursion are provided depending on
the methodology used (Laj and Channell, 2007). One of the most solid

0 510152025 -90-45 0 45

90

ages for the Blake event is 120 - 12 kyr, based on *Ar/*Ar dating for a
lava flow (Singer et al., 2014). Thouveny et al. (2004) suggest an age
range for the Blake event between 122 kyr and 115 kyr, coincident with
Fang et al. (1997) based on thermoluminescence. Also robust, but
slightly younger in age, is the identification of the Blake event in a north
Iberian stalagmite record dated using U-series between 116.5 + 0.7 kyr
and 112.0 + 1.9 kyr (Osete et al., 2012).

Although it is claimed that the weak magnetization in a stalagmite
might record a larger duration of the excursion compared to marine
records (Channell et al., 2020), given the accuracy of dating and the
close location to the Padul site, we here take the age range for this event
provided in Osete et al. (2012) using U-series. In more detail, we
consider the age range between 116.5 + 0.7 and 112.0 + 1.9 kyr as the
most accurate dating for the Blake event and applied to the Padul record
between 2321 and 2277 cm. Below the main body of the excursion in-
terval, sample BL24 (2340 cm) also shows a negative inclination and is
interpreted as of reversed polarity. In addition, between 2355 cm and
2335 cm a number of samples show low-quality directions or high MAD
angles. Altogether, it might indicate the presence of another magnetic
excursion. This would also agree with Osete et al. (2012) who found a
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short low-inclination interval before the main Blake event (119.3 4+ 0.8
to 118.3 &+ 0.7 kyr).

5.2. Reliability of some reversed polarity samples

Below the Blake interval two other intervals with negative or very
low inclinations were found (Fig. 6). The first of them is located between
3860 cm and 3825 cm depth and is defined by a sample with a negative
inclination (IB13, Fig. 6). However, NRM intensity for this sample is an
order of magnitude above the neighboring samples, whilst no change in
magnetic susceptibility is reported. The lack of a lithological change
respect of samples above and below and the low magnetic susceptibility
suggest that the high NRM values are not related to changes in the facies
nor mineralogy. We suspect that an external factor like a lightning-
induced magnetization (e.g. Platzman et al., 1998) or contamination
of the plastic box could account for this anomaly. Accordingly, we did
not consider the demagnetization results for polarity purposes.

5.3. The Iceland basin event

The interval between 4011 and 3940 cm depth, interpreted as the
Iceland Basin event, is characterized by the occurrence of very low
(IB24, IB25, 1B29) or negative (IB27, IB28) inclination values. These
samples show clear directions, but some of them (IB26, IB27, IB28) have
high (>15°) MAD angles. In spite of that high MAD angles should be
taken carefully, a similar behavior is reproduced in other sections
embracing the Iceland Basin Interval (Channell et al., 2014). Moreover,
increased MAD values are an expected feature related to the combina-
tion of a non-instantaneous acquisition of the magnetization in sedi-
ments leading to superimposed magnetization components and also as a
consequence of a decreased magnetizing field intensity during the
excursion intervals (e.g. Channell et al., 1997 or Lehman et al., 1996).
This results into a less precise definition of magnetization components
and higher MAD values during magnetic excursions (Channell et al.,
2014). Accordingly, and despite the high MAD values, we interpret this
interval as a reliable reversed (or low inclinations) interval, and very
possibly related to a magnetic excursion.

This interval, rich in clayey carbonate and clayey peat facies sedi-
ments (and dolomite layers), has been linked to cold climate conditions
with low summer evapotranspiration occurring at insolation minima
times (Camuera et al., 2018). Based on cyclostratigraphy and palynology
data, this interval has been attributed to MIS-6e, close to the MIS-7/6
boundary, with an age around 184 kyr (Camuera et al., 2018, 2019).

The Iceland Basin excursion is the most widely recorded geomag-
netic excursions in sediments and it has been recorded several times in
the Atlantic and Pacific Ocean marine sequences (Channell et al., 2014),
likely favored by its long duration (Channell et al., 2020). It has, how-
ever, only been recorded in marine and lake sediment cores (Yamazaki
and Yoka, 1994; Roberts et al., 1997; A.P. Roberts, 2008; Weeks et al.,
1995; Channell et al., 1997, 2012, 2017; Channell, 1999, 2006; Lund
et al., 2001b; Channell and Raymo, 2003; Stoner et al., 2003; Oda et al.,
2002; Thouveny et al., 2004; Knudsen et al., 2006; Laj et al., 2006; Evans
et al., 2007). There is a consensus of these studies placing the age of the
Iceland Basin event in the 190-185 kyr range (Channell et al., 2014). At
sites U1302/03 and U1306, the Iceland Basin excursion coincides
closely with the MIS-7/6 boundary with the midpoint of the excursion at
ca. 192-189 kyr (~190.2 + 1.8 kyr). The Iceland Basin excursion would
have a maximum duration of 4.96 kyr (192.7-187.7 kyr; Channell et al.,
2014).

For the range of ages of the Iceland Basin event, here we follow
Channell et al. (2014) wide scenario of VGP <40°. Assuming that this
excursion is perfectly compatible with the Iceland basin event and that
high MAD values prevent to exactly place the excursion in the core, we
provide tentative ages for the Iceland Basin event in the Padul 15-05
core that can be helpful to future works: 4011 cm would correspond to
the older limit of the excursion 192.7 kyr, while 3940 cm would
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correspond to 187.7 kyr.
5.4. Chronological implications for the Padul-15-05 record

The two new paleomagnetic dates would help constrain the timing of
the oldest paleoclimatic changes registered in the Padul-15-05 sedi-
mentary record (Fig. 7). The identification of the Iceland Basin Event
increases in ~7 kyr the time interval recorded at 4010 cm depth by the
previous studies (Camuera et al., 2018, 2019). In addition, using the SAR
of the 4010 cm-long record and interpolated to the base of the core, the
42.64 m-long Padul-15-05 record would have recorded the last 205 kyr
(MIS-7b/7a).

Our new findings show that the marine isotope substage MIS-7a, the
last part of the penultimate interglacial period, between 202 and 197 kyr
in the Alps (Wendt et al., 2021), is entirely registered in the Padul 15-05
core (Fig. 7). In southern Spain, this interval exhibits a gradual decrease
in arboreal pollen. The geochronological results also specified an earlier
occurrence of the MIS-7/6 transition, the penultimate glacial inception
(~197-191 cal kyr, according to Wendt et al. (2021), than the one re-
ported in the previous chronology of the core (Camuera et al., 2018,
2019).

The evidence of the Blake event in the Padul-15-05 record allowed
the accurate constraint of the end of the Last Interglacial period, the
Eemian (MIS-5e, ~115 kyr). According to the new chronological data,
this key point would have occurred up to ~3 kyr later than in the pre-
viously reported chronology by Camuera et al. (2018, 2019), agreeing
with the beginning of the decline of the arboreal pollen record (Camuera
et al., 2019).

6. Conclusions

We present a high-resolution study of the magnetic stratigraphy and
magnetic mineralogy for the >100kyr sedimentary succession of the
Padul-15-05 core located in the southern Iberian Peninsula. We obtained
the demagnetization directions for 101 samples using AF methods, and
assessed the magnetic mineralogy of 5 key samples representative of the
different facies. IRM acquisition experiments reveal magnetite as the
main magnetic carrier. Demagnetization results show that most of the
samples display positive inclinations, here interpreted as normal po-
larity directions. In addition, two intervals also show samples either
with reliable reversed polarity or low magnetic inclinations.

The first interval prone in reversed polarity samples is located be-
tween 2321 cm and 2277 cm depth. This interval is ascribed to the Blake
magnetic excursion with an oldest age of 116.5 kyr + 0.7 kyr and a
youngest age of 112 kyr + 1.9 kyr.

The second reliable reversed interval ranges from 4011 to 3940 cm.
Samples in this interval show negative or low inclinations and high MAD
angles, indicating a likely magnetic excursion. Palynologic and cyclo-
stratigraphic interpretations placed this interval slightly before of the
MIS-7/6 boundary, at ca. 191 kyr. Accordingly, we suggest that this
interval could correspond to the Iceland Basin geomagnetic event, with a
maximum range of ages between 192.7 and 187.7 kyr (wide scenario of
VGP <40°) for the interval between 4011 cm and 3940 cm depth.

The age model around the Blake interval has been refined by
emplacing an age data constraint at ca. 116-112 kyr, confirming that the
demise of the Eemian (MIS-5e) would have occurred 3 kyr later than the
estimation by Camuera et al. (2018, 2019) for the same record. The
identification of the Iceland Basin event also provides a very valuable
time constraint at the base of the core, which would locate the MIS-7/6
transition within the 4010 to 3940 cm interval, slightly above the po-
sition provided in previous works (~7 kyr earlier) by Camuera et al.
(2018, 2019). This new chronological framework has accurately speci-
fied the age of the bottom of the Padul-15-05 core at ~205 kyr.

This work provides key chronostratigraphic independent tie-points
for intervals with scarce or nonexistent direct age data points,
showing that the study of Earth magnetic excursions constitutes a very
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Fig. 7. Updated chronology for the Padul 15-05 core
for sediments older than 100 kyr. From bottom to top,
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valuable tool to provide tie-points to constrain chronologies in time
spans beyond the radiocarbon dating method.
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