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SUMMARY

Along with the biostratigraphic markers, radiocarbon, potassium—argon, luminescence, and
amino acid dating, the magnetostratigraphy provides valuable multiple age control points of
the Earth’s history. In particular, well-documented geomagnetic excursions of reversed
polarity within the normal-polarity Brunhes chron, were detected in different geological
archives across the globe. Consequently, the Brunhes chron excursions play a significant role
in the building of stratigraphic schemes of the Pleistocene. In this contribution, we
summarize all recent data on geomagnetic excursions, recorded in different stratigraphic
sequences for the past 780 thousand years, including those from the Ukrainian loess-
palaeosol deposits. In the Ukrainian sequences, the Unnamed (430 ka) and Big Lost (540 ka)
excursions have been detected. An absence of the globally best documented excursions, the
Lachamp (41 ka), Blake (114 ka) and Island Basin (188 ka), was caused by sampling gaps of
the palaeomagnetic record.
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Introduction

The geomagnetic field varies over a wide time frame. Thus, the information about its changes can be
used to obtain new knowledge about the evolution of our planet, including changes in landscapes,
climatic conditions etc. The issue of the relationship between changes in the geomagnetic field and
climate is quite debatable (Kilifarska et al., 2015, 2020a, b). Instead, the alternation of changes in the
geomagnetic field in the past (i.e. magnetostratigraphy) is used to solve problems in stratigraphy,
chronostratigraphy, and palacoenvironmental problems. Inversions and excursions of the geomagnetic
field are usually time bound and help to establish the age of the rocks in which they are detected. In
our work, we consider some problems of identifying these events, as well as the issue of their possible
connection with environmental changes.

Method

The palacomagnetic method is based on the ability of rocks to retain the character of magnetisation of
the era in which they were formed. The use of this method in stratigraphy is grounded on the fact that
during geological history the Earth's magnetic field repeatedly changed its polarity (inversions).
Inversions are determined by the orientation of the vectors of the rocks natural remanent
magnetisation, which is synchronous with the time of formation of the corresponding strata of the
geological section. The inversion is a global phenomenon, therefore the characteristic palacomagnetic
levels selected in the section, taking into account their complex age reference, can be rigid physical
benchmarks (both regional and sometimes planetary scale) for correlations of geological history
events. The periods between inversions are called chrons. Excursions (excurses) can be observed in
the chrons as deviations from the usual direction, when the geomagnetic field does not change
polarity, but returns to its previous state. A geomagnetic excursion is considered to occur when the
VGP (virtual geomagnetic pole) calculated from the direction of the field at a given location deviates
by more than 45° from its time-averaged position for that epoch and is not associated with a polarity
reversal. Excursions, as chronological and stratigraphic benchmarks, are widely used in various fields
of Earth sciences: in stratigraphy and geochronology, sedimentology and tectonics, in palaeontology
and climatology etc.

Brunhes chron excursions and their impact on the environment

Establishing the excursions themselves and determining their time boundaries is a difficult task, so
there is a discrepancy in establishing their number for individual eras. Excursions are recorded mainly
in marine deep-sea and in lake sediments, but there are also "records" in lava flows and on some
archaeological sites. Figure 1 presents a summary of a number of excursions of the modern era of
direct polarity, Brunhes, according to four overview works.

In (Champion et al., 1988) age references were obtained for igneous rocks. The authors highlight
eight excursions (Lashamp, Blake, Jamaica, Levantine, Biwa III, Emperior, Big Lost, Delta), as well
as a number of events that, due to problems of age reference, can be attributed to one or another of the
listed excursions. In (Langeris et al., 1997) eleven excursions were identified in the Brunhes chron,
six of which, according to the authors, are reliably identified and are global events. For age
references, these authors used isotope-oxygen references for planktonic foraminifera and
astrochronology data. In the work (Pospelova, 2004 fide Bakhmutov and Hlavatskyi, 2022) seventeen
episodes were singled out as the most reliable. Three excursions (Sterno-Etrusia, Solovki, and
Gothenburg, shown in green in Figure 1) stand out as reliable only in this work. Data on the
registration of anomalous directions of the geomagnetic field in this time interval from different parts
of the world, which coincide in time with events referred to, in particular, those during the Holocene,
have been recently presented (Channel et al., 2020 and references therein). Also, a confirmation of the
Gothenburg excursion in eastern China has been obtained (Chen et al., 2020).

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Holocene
0|10 40 10 180 770 10 years

B r u.nh e s Matuyama

euunig

unbe)
(0z9)

HA-BISIN “lIA-OUIUN[EA

ueiBaMION
ouedwz

(022) oudug
(00€) 11 emig

(0z2) 1 emig
(592-652) cOHONeNS Weid

(0€) 1 emig
(zLv) ePnusieg
(085) ewied &1

(089) Aeg exeso

(09)

(0L2) HIA-oUIUNIOA

1
(1v) dweyose

(08-02) (snuwizpeusy)
o

Wens wei/enbionbnary

(095) @uns |93 1soM

(982) ueydio esel

eog puBiUss.
(8g1) uiseg puead|

(z12) (eorewer) sies aibuud
zFeLL(8LL) BweAnjEN—S:!

(591-551) (Buojeq e

Figure 1 Excursions of the Brunhes chron according to Langereis et al. (1997), Champion et al.
(1988), Ogg (2020). In green, the excursions indicated in the work of Pospelova (2004, fide
Bakhmutov and Hlavatskyi, 2022) are shown, in red the most confirmed to date

The most recent summary of chron and excursion data for the Quaternary period is presented in (Ogg,
2020). For the Brunhes chron, seventeen excursions are listed, two of which are not clearly confirmed
(question mark in Figure 1). The ages of the magnetic polarity reversals and excursions are supported
by improved “°’Ar/*’Ar radioisotope dating and are in close agreement with astrochronological ages
based on correlation of d'*0 data from column LR04 and with ice core chronology (see Channell et
al., 2020). The age of the Matuyama-Brunhes inversion was established as 773+2 thousand years,
while in previous works (Champion et al., 1988, Langeris et al., 1997) it was assumed to be 778
thousand years. The Lashamp and Island Basin excursions are considered to be highly confirmed.
Blake excursion (~115 thousand years) is also quite reliably established.

Due to sedimentation gaps, excursions are not so commonly detected in the Quaternary loess deposits,
in particular within the comprehensively studied Chinese Loess Plateau sections. However, in many
early European (and Ukrainian) loess studies, abundant “geomagnetic excursions” had been observed,
in our opinion, influenced by viscous component of the remnant magnetization, and not associated
with the primary geomagnetic field behaviour (discussed in Hlavatskyi and Bakhmutov, 2020). In
more recent studies regarding the Pleistocene loess-palacosol sequences of Ukraine, excursions are
rarely observed. The Unnamed event (at 430 ka) has been detected at the Vyazivok (Hlavatskyi and
Bakhmutov, 2020) section, the Big Lost excursion (at 540 ka) at the Roksolany (Bakhmutov and
Hlavatskyi, 2022) and Dolynske (Hlavatskyi and Bakhmutov, 2021) sections. In the Udvari-U2
borehole in the Danube River basin (Hungary), reversed polarity magnetozones within the Brunhes
chron have been interpreted by (Siimegi et al., 2018) as the Blake (120 ka), Iceland Basin (191 ka),
Levantine (362 ka), Unnamed (430 ka), and Stage 17 (670 ka) excursions. Thus, along with the
Matuyama-Brunhes boundary, the established geomagnetic events serve as reliable benchmarks to
correlate the Quaternary stratigraphic sequences.

Do geomagnetic field excursions affect on the environment? This question, obviously, relates to the
topic of the connection between changes in the geomagnetic field and climate. The most recent
publications have been devoted to the Lachamp event. Calculations of the state of the atmosphere
during the excursion using the SOCOL-MPIOM global chemical climate model (Suter et al., 2014)
showed significant changes in atmosphere composition as a result of enhanced ionization by galactic
cosmic rays, changes in ozone concentration, etc., which is in good agreement with the those dated
using high-resolution data from polar ice cores and subtropical speleothems. However, these authors
conclude that geomagnetic excursions most likely do not have a direct and significant impact on the
global climate. Instead, the authors (Cooper et al., 2021), using the same SOCOL-MPIOM global
chemical climate model for their calculations, conclude about the impact of the Lachamp event in
combination with large solar minima on significant changes on the concentration and circulation of
ozone in the atmosphere. They believe that this could have caused synchronous global climate
changes that led to mass extinctions. Naturally, such a publication caused increased interest and
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debate, arguing against the ability of geomagnetic field excursions to cause such significant changes
(Hawks, 2021 and references therein).

Conclusions

In recent years, the number and quality of palacomagnetic determinations have increased
significantly. However, to the date, there is no unambiguously defined scale of geomagnetic events
for the Brunhes chron. First of all, questions about excursions of the last 30,000 years remain
unsolved. Despite the events recorded by many researchers in this interval, they did not receive a clear
interpretation as excursions. The best documented to date are the Lachamp (41 ka), Blake (114 ka)
and Island Basin (188 ka) excursions (Ogg, 2020). In the Ukrainian Quaternary loess sequences, the
Unnamed (430 ka) and Big Lost (540 ka) excursions have been recorded. As absolute dating methods
improve, and the accuracy of palacomagnetic determinations improves, the prospects for
magnetostratigraphy will only grow. The question of the possible connection of geomagnetic field
excursions with environmental changes is also a rather promising direction of research, since modern
studies also propose mechanisms of the influence of the geomagnetic field on climatic changes, in
particular, through the modulation of cosmic ray flows and the impact on stratospheric ozone.
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