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Abstract

Detailed paleomagnetic and rock magnetic investigations of the Paks loess (Hungary) were
conducted to determine the stratigraphic position of the Matuyama-Brunhes Transition (MBT) and
to attempt to reveal the sign of any possible influence of geomagnetic field change on climate during
the geomagnetic polarity reversal. Progressive thermal and alternating field demagnetizations of
samples showed that the reverse polarity field begins to fluctuate in a stratigraphic position of the
well-developed, so-called Paks Double 2 (PD2) paleosol (formed in Marine Isotope Stage 19 - MIS19),
and continues up to the middle to upper part of the overlying paleosol-to-loess transition layer
(MIS19 to 18). Considering the relative paleointensity variation from Paks, it is consistent with
various global records. Along with the weakening of the geomagnetic field, changes in environmental
proxies were also recognized. Magnetic proxies indicate cooling during the MIS19 interglacial period.
Theoretically, it may be connected to the weakening of the geomagnetic field. Still, there are
alternatives to be considered, which may form the same features thought to be the result of the
Umbrella effect.

Keywords: European Loess Belt; magnetostriagraphy; environmental magnetism; Matuyama-
Brunhes Transition; MIS 19

1. Introduction

The influence and identification of various extraterrestrial influences on (some components of)
the Earth’s climate is one of the oldest but still progressively developing fields of Earth and planetary
science. At the beginning, studying the extraterrestrial influence on climate cycles overlapped with
the increasing knowledge about the ice ages and the appearance of the poliglacial theory. The orbital
forcing of climate (i.e., the influence of axial tilt, eccentricity, and precession, and the Milankovi¢
cycles) represented the best and working hypothesis about the periodic change in glacials and
interglacials during the Pleistocene. The appearance of Milankovi¢ cycles in various (Pleistocene)
sediment records was verified by multiple studies [1], and has become one of the most commonly
used dating techniques recently.

Along with the orbital forcing on global climate, other processes, e.g., related to solar activity,
can be mentioned as well [2]. Beyond the well-known Schwabe, or sunspot cycles [3], a slightly
longer, so-called Gleissberg cycle, consisting of a low frequency (50-80 years) and high frequency (90-
140 years) band signal, could be verified by various measurements [4]. Longer, solar activity-related
cycles, including DeVries or Suess cycles (~205 years) [5], the 500-550 year solar cyclicity, the ~1000
year cycle [6] and the Hallstatt cycle (~2400 years) [7] could be identified only indirectly e.g., by the
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measurements of atmospheric isotopes (14C and 10Be), whose formation can be directly linked to
incoming cosmic rays and solar activity [8].

Along with the various astronomical and solar cycles influencing specific components of the
terrestrial environment, there are nonperiodic events, which’s influence on climate may be
identifiable in sedimentary records as well. Among the ideas (theories, often no more than
speculations), the effect of galactic cosmic rays (GCR) is one of the most commonly appearing in the
literature. Such a theories, for instance, suggest a relationship between a nearby supernovae and
terrestrial atmosphere and biota [9], a spiral arm crossing as a trigger of the effect of cosmic rays [10],
and the so-called Svensmark hypothesis, suggesting the increasing effect of GCR, allowed by the
weakening geomagnetic field, resulting in global cooling via low-level cloud formation, and
increasing albedo [11,12]. The relevance of the theory has been questioned by various studies many
times [13,14]. Although the described physical mechanism behind the cloud formation seems
plausible [15,16], it has not yet been established [17,18], and the results of model experiments that
aimed to arbitrate the pertinence of the theory are still inconclusive [19,20].

The study of various sedimentary sequences from the Quaternary, may provide a good
opportunity to identify the influence of the GCR on paleoclimate due to the weakening geomagnetic
field, appearing around the geomagnetic polarity change, such as the Matuyama/Jaramillo and
Matuyama/Brunhes geomagnetic polarity reversals [21].

It has been theorized that during the Matuyama-Brunhes geomagnetic reversal (Matuyama-
Brunhes Transition, MBT), the weakening of the geomagnetic field led to an increase in the GCR flux.
The growing GCR may increase low-level clouds (Svensmark hypothesis), which increases albedo
and decreases temperature. This effect is called the Umbrella effect, and its climatic influence, i.e., ~6
to 9 °C cooling of the global climate [21] Such a cooling tendency has already been identified in
various records [22]. Possible signs of global cooling have also been found in some loess profiles of
the Chinese Loess Plateau (CLP), functioning as commonly used terrestrial climate archives. The
marks of cooling and the intensification of the East Asian winter monsoon was observed during
MIS19 around the MBT and linked to the appearance of the Umbrella effect [23]. However, no
indication of a similar cooling event has been identified in any profile in the European Loess Belt
(ELB) yet.

Table 1. The litho- and chronostratigraphic position of the MBT in various key loess sequences from the ELB.

ELB Site Lithostratigraphical position Chronostrat. Ref.
Bulgaria Viatovo (Bulgaria) L7 loess'(MBT: 56 forest-like paleosol, L7 loess and MIS20 [24]
underlying Red clay)
R(eij)ECblllic (('I:{eerc‘iui—?i}lll,Kl;rii(; PC10 paleosol complex MIS19 [25]
Underlying loess of Paks Double 2 paleosol MIS20 [26]
Hungary Paks Upper transient horizon of Paks Double 2 (PD2), a
red, clayey, homogeneous, well-developed MIS19 [27]
paleosol
Serbia  Stari Slankamen Lower part of loess unit V-L9 MIS22  [28,29]
Korolevo Bt horizon of S7 well-developed paleosol; MIS19 [30]

Loess layer between the PK6.2-PK7 soil horizon of
Roxolany the PK5-PK7 paleosol complex ('Roxolany soil
suite') MIS19 [31]
PK7 paleosol horizon of the PK5-PK7 paleosol
complex ('‘Roxolany soil suite')

Ukraine Novaya Etuliya

Accumulation horizon of S7, a well-developed,
gleyey interglacial soil
D-57S53 and D-S8S1 luvisol, and chromic luvisol-

Dolynske : MIS19 [33]
type palaeosol units

Zahvizdja MIS19  [32]
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In the search for the possible signs of the Umbrella-effect during the weakening geomagnetic
field, it is essential to establish the stratigraphic location of the MBT in the studied loess profile(s).
The results of the extensive paleomagnetic study in the CLP are summarized in detail by Liu et al.
[34]. In this study, the presented chart (Table 1) focuses on some of the key sections from the ELB and
the studies aim to determine the stratigraphic position of the MBT since the late 1990t

The Paks profile, the target of this study, is one of the key sections in loess stratigraphy of Europe
as well as of Hungary (e.g., [29,35]; Figure 1a,b). In the last decade, numerous studies, including litho-
, magneto-, and climato-stratigraphic investigations, have been elaborated on this succession [35].
Unfortunately, there is still no consensus on the stratigraphical position of the MBT [26,27], which
makes the correlation with other Pleistocene loess sequences from ELB and CLP and deep-sea
sediments (e.g., marine isotope stratigraphy) difficult. In light of the recent development of
connecting theories, such as the introduced Umbrella-effect, it feels necessary to restudy the
paleomagnetism of the section, along with the high-resolution environmental magnetic studies.

The goal of this study is to verify the stratigraphic position of the MBT and characterize the
paleoclimate through the geomagnetic polarity change by high-resolution sampling in a key section
of the European Loess Belt (ELB) at Paks, Hungary, which may help to verify or deny the existence
of the signs of the weakening paleomagnetic field and its possible paleoenvironmental influence.

2. Site and Sampling
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Figure 1. The locality of the Paks succession (a) and the stratigraphic position of the studied profile section (b,

and c).

The studied loess profile is located in the Middle Danube Basin on the right bank of the River
Danube, at the northern edge of the City of Paks (Figure 1a,b). A 16-m thick loess/paleosol succession
is the target for sampling, which includes an approximately 3.5-m thick succession containing the
expected lithostratigraphic position of the MBT based on Marton [26] and Sartori et al. [27], at the
north wall of the brickyard (Figure 1c,d). A preliminary sampling of every 10 cm was made in 2015
in the north and west walls of the quarry, followed by the main sampling at 2-5 cm intervals in 2016
on the same profile in the north wall of the brickyard.

The lowest part of the profile consists of a red-colored paleosol layer of approximately 105 cm
thick named PD2 (Paks Double 2) (Figure 1d). The PD2 paleosol is divided into the following sections.
The lowermost part is a secondary carbonate-rich pedogenic horizon with accumulation of CaCO3.
The unit is overlain by the red (moist: 7.5YR5/4; dry: 7.5YR6/4 Munsell color) clayey lower pedogenic
horizon with a massive angular blocky soil structure. The PD2.2 is overlain by a red, clayey upper
pedogenic horizon. This part of the paleosol is less developed compared to the lower part of the
section and shows more sedimentary character. The PD2 paleosol is connected to the overlying loess
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layer, approximately 190 cm thick. The loess layer is characterized by a grayish yellow (lower part)
and a yellow (upper part) (10YR6/4; 10YRS8/2) layer, containing homogeneous silty materials with
limonite and Mn spots and patches, as well as carbonate infiltration. A red-colored (7.5YR3/4;
7.5YR5/4), clayey paleosol named PD1 (Paks Double 1) with moderately developed, granular
pedogenic structure is identified above the loess. A secondary carbonate horizon is observed in the
lower part of PD1, characterized by cm-sized loess concretions (so-called ‘loess dolls’) and various
secondary carbonate infiltrations and carbonate coatings (Figure 1d).

Please note that the goal of this sampling session was not to reveal the complete
magnetostratigraphic subdivision of the whole section, but to provide the highest resolution
sampling possible and a detailed paleomagnetic study at the expected location(s) of the MBT.

Oriented block samples of approximately 7x7x7 cm were collected at every 10-cm depth interval
in the preliminary sampling. From the 3.5-m thick section, presumably consisting of MBT, cubic
samples of 10 cm3 in volume were collected at 2-5-cm depth spacing using titanium tubes and guides
and placed in cubic capsules in the field.

3. Methods

Low-field magnetic susceptibility (klf) was measured in the field using a portable Kappameter
KT-5 instrument (Agico, Czech), at depth intervals of 5 cm.

An SM-100 ZH-Instrument portable magnetic susceptibility meter (Brno, Czech Republic) was
used to determine the low- (500 Hz; yIf) and high-frequency (17 kHz, yIf) susceptibility of the samples.
The different rates of frequency dependence of magnetic susceptibility, measured at low (yIf) and at
high (xhf) frequencies, such as absolute (yfd = ylf — xhf) and relative (yfd% = (ylf - xhf)/ x1fx100)
frequency dependence, are indicative of nanosized superparamagnetic (SP) minerals. In loess
sequences, the origin of SP nanoparticles is related to various processes strongly connected to
pedogenesis. Therefore, it is a commonly used magnetic proxy to indicate relatively warm and humid
periods during the Pleistocene [36,37].

The thermomagnetic analysis was performed by Natsuhara-Giken NMB-89 magnetic balance
instrument (Kochi University, Japan) in a vacuum (1-10 Pa) from room temperatures (~20-25°C) up
to 700°C and then cooled to 50°C, with constant application of a field of 300 mT and average heat rate
of ~10 °C/min.

All cubic specimens, including those collected in the field, were subjected to alternating field
demagnetization (AFD) or thermal demagnetization (ThD). AFD was applied to specimens at depth
intervals <5 cm, while THD was applied to specimens at intervals of approximately 10 cm. Remanent
magnetizations were measured using a 2G cryogenic magnetometer. Characteristic remanent
magnetization (ChRM) components were calculated using principal component analysis [38], with
the lowest possible maximum angular deviation (MAD < 15°). Relative paleointensity (RPI) was
calculated by the use of anhysteretic remanent magnetization data (ARM) (2G cryogenic
magnetometer) following the study of Tauxe [39].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0828.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2025 d0i:10.20944/preprints202508.0828.v1

5 of 19

4, Results
_ xIf (x10 m¥/kg)
D&%’; C SI S 20 40 60 80 100 120 140 160
— T T LENEN DL DL DL L L B B |
0
50
100
Loess
150 %
200
. PD2.1
PD2
PD2.2
300
350 ' 8;151;;0 0 2 4 6 8 10 12 14 16 18
KIf (104S1) xfd (x10° m°/kg)
a b C

Figure 2. The stratigraphy of the studied part of the Paks succession and related susceptibility curves, such as
a.) low field magnetic susceptibility measured in the field (5-cm measuring interval), b.) low field mass
susceptibility measured in the laboratory with a 5-member running average curve (~2 cm sampling interval),
and c.) absolute frequency dependence measured in the laboratory. The legend of the stratigraphic graphic log

of the section follows Figure 1.

The PD2 paleosol horizon is characterized by relatively high «lf (Figures 2 and 3), xIf (Figures 2
and 3), and yfd (Figures 2 and 3) compared to the overlaying loess. A characteristic step can be
recognized in the klf curve, which separates the paleosol into a lower PD2.2 (highest klf) and an upper
PD2.1 section, yielded by a slightly lower klf. The change in the «lf toward the overlaying loess unit
from the paleosol is gradual and smooth. The tendency in the yfd of the samples completes the
observation about the step in the upper part of the PD2 paleosol. The lower PD2.2 part of the paleosol
is characterized by the highest yfd, which decreases abruptly in the upper PD2.1 and then changes
gradually toward the overlaying sediment (Figures 2 and 3). Among the various units, PD2.1 and the
loess unit are characterized by the less-scattering yIf and xfd (Figure 3).
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Figure 3. The summary of various magnetic susceptibility measurements. The box and whisker plot of the basic
anisotropy parameters (a, b, and c). The boxes denote the interquartile range, whereas data falling within 1.5
times the value of the interquartile range are represented by the two T-bars (the lower and upper whiskers).
Asterisks mark the average, and the black line within the box shows the median [40]. ylf to xfd plot (d) indicates

the pedogenic origin of the superparamagnetic components, increasing with the degree of pedogenesis.
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Figure 4. Temperature variation in magnetization identified by normalized heating (solid) and cooling curve
(dotted) of samples from the overlaying loess (a) of the PD2.1 (b) and PD2.2 (c and d) paleosol units. The colored
curves represent the running average (5-member) of the original data (gray curves). Red curves and arrows
indicate the heating cycles, and red curves and dotted arrows represent the magnetization change during

cooling.

Typical temperature changes in magnetization for the loess and paleosol samples are shown in
Figure 4. The heating curve for loess and paleosol samples shows a sharp decrease at approximately
580 °C, which is the Curie temperature of magnetite, followed by the gradual decrease until
approximately 680 °C, which is the Curie temperature of hematite (Figure 4). A peak approximately
125-150 °C can be identified in every sample (Figure 4). A gradual increase from 250 °C (Figure 4a)
and a drop approximately 320 °C (Figure 4b) can also be observed. A characteristic peak can be
observed in loess samples at 640-650 °C (Figure 4a). The peak at approximately 125-150 °C (Figure 4)
suggests the transformation of goethite at 120 + 2 °C [41]. The recognized increase and drop at 250-
320 °C most likely represent the thermal decomposition of maghemite and neoformation of
magnetite, respectively, as is often observed in Chinese loess sediments [42]. At 640-650 °C, the so-
called Hopkinson peak indicates hematite. This result, which is in agreement with that of previous
studies from the same profile [43,44], suggests that magnetite, hematite, and maghemite are the
potential carriers of magnetization. In all samples, the recovered magnetization was much higher
than the original (Figure 4). This phenomenon may be related to the neoformation of magnetite (or
maghemite) from clay minerals during the heating treatment [45].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. Representative AFD and ThD (Zijderveld) diagrams from the normal polarity (a, b), reversal polarity

(¢, d), and transition zone (e) in the Paks profile.

The natural remanent magnetization (NRM) of specimens shows a vector decay toward the
origin above levels of 15-25 mT in AFD and 350 °C in THD (Figure 5). From THD data of
approximately 75 % of specimens, a ChRM was calculated using principal component analysis, with
a maximum angular deviation (MAD) < 20°. The remaining THD data show erratic vector decays,
most of which are from the lowermost part of the loess layer. From AFD data of approximately 50 %
of the specimens, a ChRM was obtained with MAD < 20°. A ChRM could not be isolated from the
remaining AFD data, most of which show moving remanent directions from northerly downward to
southerly upward directions, with a few erratic exceptions (Figure 5e). Such data cluster in the lower
part of the section (Figure 6). At some horizons, the ChRM by AFD shows a normal polarity direction,
while that of THD shows a reverse polarity (Figure 6). Such data are from the PD2 paleosol layer.
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Figure 6. Stratigraphic plots of the magnetic results: a.) the low field magnetic susceptibility; b.) the inclination
of ChRM separated by AFD and ThD; c.) the declinations (AFD-gray; ThD-black); d.) the latitude and e.)
longitude of VGP (virtual geomagnetic pole); and f.) maximum angular deviation (MAD) values. The results of
AFD are represented by gray and black curves, which represent the results from ThD. The small dots (gray-AFD,
black-ThD) represent the samples that did not show ChRM during the analysis. .

Low RPI was observed in the lower part of the section (Figure 7). The lowest RPI was identified
during the precursor phase and began increasing gradually in the PD2.1 horizon (Figure 7).
Following the transit phase of the MBT, the RPI increased sharply.
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Figure 7. The stratigraphic position of the Matuyama-Brunhes Transition (MBT) in the Paks succession (a). The
comparison of the behavior of the geomagnetic field, characterized by RPI records of the section (a, c) to the RPI
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of the Osaka Bay sequence [46] (d) and to the Virtual Axial Dipole Moment (VADM) by Guyodo & Valet [47] (e).
The gray curves indicate the calculated RPI based on the NRM measured at 30 mT demagnetization field
normalized by the ylf (b) and the anhysteretic remanent magnetization (ARM) at 30 mT.

The representative AFD and ThD diagrams (Figure 5) showed almost the same characteristics
along the whole section. The AFD was effective in the determination of the paleomagnetic polarity
in the case of the samples originating from the upper and middle part of the investigated section
(Figure 6). The secondary magnetization component was removed at 15-25 mT, and the primary
component decays toward the origin. The ChRM component indicates normal polarity and a strong,
stable magnetic field (Figures 5 and 6). The character of the secondary component possibly indicates
viscous remanent magnetization (VRM) of the geomagnetic field after the primary magnetization.
Additionally, two magnetization components were isolated by ThD (Figure 5). The low-temperature
component (LTC) was removed by 250 — 300 °C. After removing the LTC, the primary, high-
temperature component (HTC) was identified as a ChRM between 350 and 600 °C (Figure 5). The
low-temperature components, possibly related to goethite and maghemite, were removed entirely
over 350 °C (Figures 4 and 5). The carrier of the HTC components was magnetite and, in some cases,
hematite. Normal polarity and a relatively stable magnetic field (low MAD) were defined by both the
AFD and ThD experiments (Figures 5 and 6).

The ThD demagnetization diagram of the middle part of the profile (loess horizon) showed a
similar demagnetization pattern as described above. However, the ThD results defined a relatively
shallow downward inclination and unstable directions during demagnetization compared to the
AFD inclinations and MAD from the same loess horizon (Figure 6).

The AFD and ThD diagrams of the lowermost part of the succession showed similar tendencies
compared to the upper part of the section (Figure 6). After the removal of the secondary component,
the samples showed relative stability (decreasing MAD) upward inclination, and reversal polarity
(Figure 6).

In some samples from the lower part of the profile, the removal of the VRM component by AFD
was problematic. The move of the vertical component of the demagnetization diagrams indicated
“unfinished” demagnetization (Figure 5) or normal, (secondary) magnetization. Compared to the
AFD, thermal treatment was effective in isolating both LTC and HTC (Figure 5). Flipping
downward/upward and unstable upward inclinations (highest MAD) were defined by the ChRM of
the AFD and ThD samples (Figures 5 and 6).

Based on the inclination of the samples in the stratigraphic plots (Figure 6), the lithostratigraphic
position of the MBT is between the PD2.1 and the lower part of the overlaying loess. The precursor
phase, i.e., fluctuation in the magnetic field [48], was detected in the PD2.2/ the PD2.1 horizons, which
was followed by a reverse to normal transit phase in the lowermost part of the loess. The rebound
phase was indicated by relatively shallow downward inclination (Figure 6).

Both the 300 mT and 350 °C NRM intensity curves (Figure 7) decreased during the precursor
phase, indicated minimum intensity during the transit phase and increased after the rebound phase
of the magnetic field during the MBT. Due to the low NRM intensity, it is not possible to separate the
primary magnetization from the secondary component properly in some samples mentioned above.

Low RPI was observed in the lower part of the section (Figure 7). The lowest RPI was identified
during the precursor phase and started to increase gradually in the PD2.1 horizon (Figure 7).
Following the transit phase of the MBT, the RPI increased sharply. The low RPI and the high MAD
values (Figures 6 and 7) during the MBT possibly indicate weak and unstable behavior of the
magnetic field or superposition of the normal and reversed magnetization direction [49] and are
observed in various sediment successions [50].
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5. Discussion

5.1. Identification and Description of the Putative MIS19 Cooling Event

The results of paleomagnetic investigation verified and specified the position of MBT, suggested
by Sartori et al. [27], in which the precursor phase of geomagnetic reversal is located in the upper half
of PD2 and the switch occurred in the upper transition horizon between the PD2 paleosol and the
overlying loess. The rebound phase of the transition is located in the overlying loess of PD2 (Figures
6 and 7). The paleomagnetic results also verified the stratigraphic position of PD2, which was dated
back to MIS19 [35].

Changing paleoclimate

Changing geomagnetic field
(RPI, Paks, Hungary) (Paks, Hungary)
depth XIf (x10® m¥kg)
(cm)  NRM,/xf (x107) (20,40 60 BD 100 120 140 160
of —F—F——F—— Balance between Balance between
regular climate forcing sedimentation and
MIS18/ and the influence of pedogenesis
MIS17 weak geomagn.
trans. 50 field
~270 mmly
Dominance of Sedim.
MIS18 glacial
MIS18 100 (infl. of orbital >> MiS18
forcing, etc.) Pedog.
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Figure 8. Describing potential paleoclimatic and paleoenvironmental drivers and their effects on the formation
of paleosols and sedimentation of loess around the MBT. A.) the strength of the geomagnetic field, b.) the relation
between the putative unusual cooling event (triggered by e.g. the Umbrella-effect) and the influence of ‘regular’
rhythm of the interglacials and glacials, c.) the changing intensity of pedogenesis (indicated by magnetic
susceptibility) and d.) the changing relationship between pedogenesis and sedimentation. The arrows with
dashed lines indicate a weak and weakening geomagnetic field, and the black arrow indicates strengthening
(Figure 8a). The grey arrows indicate pedogenesis, and the arrows with ‘loess’ texture indicate sedimentation.
The size of these arrows indicates the degree of the process and the balance between pedogenesis and

sedimentation (Figure 8d).

Based on the pedogenic character of the studied PD2 paleosol horizon and its rock magnetic and
paleomagnetic properties, a colder period can be recognized during the MIS19 interglacial period
(Figure 8). The unusual cooling during the interglacial may represent the influence of the weakening
magnetic field on the paleoclimate. Although it may sound like speculation, it is worth discussing
some of the phenomena that may indicate the impact of the Umbrella effect on paleoclimate.

The PD2 paleosol is known as a well-developed paleosol characterized by massive, clayey
pedogenic structure without any pedogenic subhorizon, except a strong Bk, a CaCO3 accumulation
horizon [35]. During the last (2014-2016) sampling session of the sequence, the study revealed an
additional horizon in the upper half of the paleosol (PD2.1), between the lower half (PD2.2) and the
upper transition toward the overlaying loess. As it was described above (Section 2; Site and
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Sampling), the pedogenic character of the upper half of PD2 is less developed (less-developed ped
structure) and less clayey (no clay coatings) than the lower part. Compared to the upper transition
horizon, its pedogenic character is constant, which separates it from the upper transition, in which
the pedogenic character gradually changes to sedimentary. The continuous or permanent character
of PD2.1 indicates a stable period, which existed for a more extended period during the second part
of the PD2 paleosol formation (Figure 8b—d). The less developed and less clayey character possibly
indicates a cooler and less humid period, which prevents intense weathering during this part of the
interglacial (Figure 8b—d). This observation is supported by the estimated annual precipitation
calculated by the frequency dependence of magnetic susceptibility data, following the method
described by Panaiotu et al. [51]. Approximately 515 mm/year precipitation was calculated during
the formation of the lower, PD2.2, which decreased to 410 mm/year during PD2.1 (Figure §;
Supplementary Material 1). In addition, the increasing amount of coarser components (silt) may also
indicate the growing dust input and sedimentation. The appearance of pedogenesis and dust
sedimentation occurs during the same period (leading the phenomenon of cumulative paleosol).
These processes mean that the soil can maintain its formation speed in balance with the sediment
input, (when the erosion is insignificant, and the sedimentation is steady along with pedogenesis)
[52] (Figure 8d). Recently, a similar phenomenon was observed at a Late Pleistocene paleosol, in the
Dunaszekcsé loess succession, where the trigger of the aggradation and the forming of a
cumulative/compound paleosol complex was the increasing sediment input during the cooler period
of the MIS5 interglacial [53].

Significantly higher low field magnetic susceptibility (klIf in the field and ylf in the laboratory)
and yfd values were identified in paleosol samples than in loess (Figures 2 and 3). It fits the general
observation about magnetic susceptibility in loess successions (with a few exceptions): sediments are
generally indicated by low ylf and paleosols by high x1f and yfd [54]. The high yIf and yfd of paleosols
is the result of mineral neoformation during pedogenesis, such as magnetic nanoparticles formed by
weathering and biogenic processes [37,55]. Applying the pedogenic model (the magnetic
enhancement of loess by pedogenesis; [37]) to the description of the formation of the PD2 paleosol,
the step on the susceptibility curve, identified in the upper half of the paleosol (PD2.1), possibly
indicates weaker pedogenesis during the later period of paleosol formation. Weaker pedogenesis
suggests the weakening of the interglacial at its second half with less precipitation and cooler climate
compared to the first half (Figure 8). The yfd of PD2.1 indicates the stability of the cooler and less
humid period. Its xfd is yielded by the thinnest box plot (Figure 3), which means less scattering of the
data. The reasonably uniform data shows balanced magnetic mineral neoformation, and therefore
stabilized climate during the formation of the PD2.1 subhorizon.

Based on the results of paleomagnetic measurements, the cooling event took place during the
time of MBT (Figure 7). The possible role of geomagnetic polarity change in forming the paleoclimate
highlights the Umbrella effect as a potential trigger of the change in the MIS 19 interglacial
characteristics. The behavior of the geomagnetic field can be described by the RPI curve,
representative of the studied section (Figures 7b,c and 8a). Decreasing RPI indicates the weakening
of the magnetic field, which allows the increase of GCR flux arriving at Earth. Overlapping between
RPI minima and other proxies indicating cooling (paleopedological field observation and
characteristics of magnetic susceptibility curves; Figures 2, 7 and 8) can be the sign of the Umbrella
effect, which is presumed to be the possible cause of the decrease in annual temperature by ~9 °C to
6 °C during geomagnetic polarity change [21].

5.2. Potential Marks of the Cooling Event in Loess Successions from Eurasia

Although the marks of cooling event presumably linked to the weakening geomagnetic field
and the Umbrella effect were identified in various successions [21], the results are still not convincing
enough from loess profiles, due to e.g., the lack of signs of cooling in the majority of sections
consisting the MBT (Table 2).
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Table 2. Possible marks of the cooling event on the susceptibility curves representing the MBT and MIS 19 at
some loess profiles from Eurasia (literature review). Abbreviations: European Loess Belt — ELB; including the
Middle Danube Basin — MDB; Lower Danube Basin — LDB; Eastern European Plain — EEP; and Chinese Loess
Plateau — CLP.

Site Characteristics of the MBT/MIS19 units (mag. sus. curve) Ref.
Cerveny Kopec  No clear marks of the cooling event [25]
E Koriten No clear @arks of the cooling event (small peaks [56]
5 geprisentmgl;( the 1\:[;8119 pzlaleosgl) MISIO ol il
. maller peaks on the local maxima o aleosol (similar
- S Viatovo to Xifeng, CLP) ’ [56]
& £ Paks A step-like feature on the local maxima of MIS19 paleosol
% s & Novaya Etuliya No clear marks of the cooling event [31]
S "g 2 Smaller peaks and a thick upper transition horizon on the
g O g Stari Slankamen local maxima of the MIS19 paleosol (similar to Chaona and [29]
§ A Chanwu).
L;:? = Zimnicea A step-like feature on the local maxima of the MIS19 paleosol[57]
A No clear marks of the cooling event (narrow peak
— Korolevo . [30]
representing the MIS19 paleosol)
- Roxolany Sharp bgundary between the MI$19 pale.osol and tbe 31]
z & overlaying loess (abrupt change in the climate or hiatus)
@ Zahvizdja No clear marks of the cooling event [30]
Dolynske A step-like feature on the local maxima of the MIS19 paleosol[33]
T Darai Kalon A step-like feature on the local maxima of MIS19 paleosol ~ [58]
é 2 Karamaidan A step-like feature on the local maxima of MIS19 paleosol [59]

(not a characteristic appearance)

Smaller peaks and a thick upper transition horizon on the
Chaona local maxima of MIS19 paleosol (similar to Stari-Slankamen [60]
and Chanwu)

» Smaller peaks and a thick upper transition horizon on the
d Chanwu local maxima of MIS19 paleosol (similar to Stari-Slankamen [61]
E and Chaona)
< Lingtai A step-like feature on the local maxima of the MIS19 paleosol [62]
'%' Luochuan Thick upper transition horizon (similar to Chanwu) [34]
= Smaller peaks and a thick upper transition horizon on the

Xifeng local maxima of the MIS19 paleosol (similar to Chanwu and [62]

Luochuan).

Zhaojiachuan A step-like feature on the local maxima of the MIS19 paleosol [34]

More than a dozen loess profiles (across Eurasia) found in the literature were reviewed with the
focus on specific patterns of susceptibility curves indicating cooling or climate around the MBT and
MIS19 (Table 2).

Step-like features, similar to those observed in the Paks succession, can be found on the
susceptibility curve of Dolynske [33] and Zimnicea [57] from ELB, Darai Kalon [58] and Karamaidan
[59] from Central Asia, and the Lingtai [62] and Zhaojiachuan [63] sections in the CLP (Table 2).

A thicker upper transition horizon of the MIS19 paleosol may indicate the intensification of
cooling during the MIS19 interglacial, strengthened by the cooling triggered by the weakening
geomagnetic field (Umbrella effect), appearing partly as a precursor event to the MIS19 to MIS18
transition. The cooling might lead to increasing sediment deposition, and the formation of compound
paleosol horizons [52]. The weakly developed compound paleosol horizon may overlap with the
transition horizon, and appears as a thick transition and gentle, very calm slope on the susceptibility
curve as seen in the Chanwu [61] and Luochuan [63] successions (Table 2).
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Climate fluctuation during pedogenesis may be identified by susceptibility peaks that are
separated by cooler periods (appearing as depressions) during the MIS19 interglacial. Such peaks
appear, for instance, in the Stari-Slankamen [29], Koriten and Viatovo sections from the ELB [56] and
the succession in Chaona [60] and Xifeng [62] from the CLP, and may be linked to climate
fluctuations, e.g. during the MIS19a sub-stage of the interglacial.

5.3. Concerns

Along with the possible signs of a cooling event during the geomagnetic polarity change and
MIS19 interglacial, potential concerns and alternative explanations about the applied methods and
the suggested indicators need to be addressed.

Pedogenic horizons or cooling events. An alternative explanation of the less developed upper part
of the MIS19 paleosol is connected to pedogenic processes, triggering vertical downward migration
of minerals and the differences between the upper and lower pedogenic horizons. Higher
precipitation during the interglacial may results in intense water infiltration and vertical move
(percolation), which can be responsible for the downward material transport. The appearance of clay
coatings on the peds of the lower paleosol horizon and he strong, lowermost calcium carbonate
horizon supports the appearance of intense leaching during the MIS19 interglacial. The appearance
of the step-like feature on the susceptibility curve of the paleosol may fit this explanation as well.
Instead of a change in paleoclimate (cooling event), the lower magnetic mineral content in the upper
section and greater amount in the lower part of the paleosol is the result of the downward migration
and accumulation (at the lower region of the MIS19 soil) of magnetic contributors, along with other
minerals.

Such an alternative may explain well the observed features, but some concerns may arise
considering the scattered geographical location of the step-like pattern of the susceptibility curves.
The same pattern was observed in paleosols, most likely developed in different paleoenvironments,
thus they may differ in soil types. For instance, the studied MIS19 paleosol at Paks is identified as
chromic luvisol-like soil (“terra rossa”). In contrast, the MIS19 paleosol at Luochuan (CLP) is defined
as cambisol or luvisol-like paleosol (“forest soil”) [63]. Despite their differences, if certain processes,
such as water percolation, triggered vertical mineral migration, appear in them, it would result in a
similar susceptibility pattern.

Climate cycle- or Umbrella effect-related cooling. Although the transition from a warmer period to a
cooler, more arid one often appears gradual and smooth regarding the transition horizon between
the paleosol and the overlying loess, and the magnetic susceptibility curves, representing the
magnetic components in those layers. Any features that differ from such a smooth, gradual transition
from the local maxima of the MIS19 paleosol to the overlying loess, represented by low susceptibility,
are considered as a result of some unusual event, e.g., the step-like feature and its interpretation as a
colder period during MIS19, related to the weakening geomagnetic field. The influence of the MIS19b
stadial on pedogenesis may result in similar step-like features in the magnetic susceptibility curve,
such as the cooling, triggered by the putative Umbrella effect. The cooling during MIS19b (increasing
sedimentation) and the continuously fluctuating climate during MIS19a (weaker pedogenesis) may
support the formation of equilibrium in sedimentation and pedogenesis (steady sedimentation,
insignificant erosion), which might lead the development of cumulative paleosol [52] (Kraus, 1999),
indicated by the quasi-constant value of magnetic susceptibility at the second part of MIS19.

About the use of RPIL It is established that the magnetization of the sediments reflects the
characteristics of the magnetic field (linear relationship between the two). Still, magnetization is also
influenced by various factors such as the quantity and type of magnetized minerals [39]. To remove
such a bias, NRM of the sediments has to be normalized by various magnetic parameters,
representing e.g. the concentration, grain size, and type of magnetic contributors (magnetic
susceptibility, ARM, and IRM). Still, there are some conditions the sediment needs to fulfill to obtain
an unbiased RPI record [39]. Loess and paleosol sequences may not entirely fit for RPI analysis, due
to i) the high variation of magnetic contributors as potential carriers of magnetization, ii) the
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concentration variation of magnetic mineral components more than about an order of magnitude
comparing loess and paleosol units, and iii) the RPI record seems to be coherent with e.g. the magnetic
susceptibility record.

5. Conclusions

Based on the study of Paks succession, three potential signs of a putatively magnetic field
influenced MIS19 cooling event were recognized: i) a pedogenic mark, identified by paleopedological
observations on the field, in agreement with the ii) characteristic step-like feature following the local
maxima on the susceptibility curve of MIS19 paleosol, and iii) the RPI curve indicating weak
geomagnetic field during the MBT and MIS19.

Despite the effort put into the identification of the MIS19 cooling episode, triggered by the
weakening geomagnetic field and the related Umbrella effect, loess and paleosol successions seem
not to be the ideal candidates to verify the theory. Cooling episodes of the paleoclimate, regardless
of their origin, result in very similar marks in paleosols and similar patterns of a magnetic
susceptibility curve.

In addition, in the case of paleosols, the cooling phase(s) of MIS19 (MIS19b and the climate
fluctuations of MIS19a) triggered by e.g. orbital forcing, and the putative cooling following the
changing of the geomagnetic field may overlap and work together.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org, Table S1: Results of magnetic measurements.
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Abbreviations

The following abbreviations are used in this manuscript:

AFD Alternating field demagnetization
ARM Anhysteretic remanent magnetization
CLP Chinese Loess Plateau

ChRM Characteristic remanent magnetization
EEP Eastern European Plain

ELB European Loess Belt

GCR Galactic cosmic ray

HTC High-temperature component

LDB Lower Danube Basin

LTC Low-temperature component

MAD Maximum angular deviation

MBT Matuyama-Brunhes Transition
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MDB Middle Danube Basin

MIS19 Marine Isotope Stage 19

NRM Natural remanent magnetization

PD1 Paks Double 1 paleosol

PD2 Paks Double 2 paleosol

RPI Relative paleointensity

ThD Thermal demagnetization

xlf Low-field volumetric magnetic susceptibility
xlf Low-frequency susceptibility

xhf High-frequency susceptibility

xfd% Relative frequency dependence of magnetic susceptibility
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