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NEW RESULTS OF PALAEOMAGNETIC AND ROCK MAGNETIC STUDIES
OF GABBROIDS OF THE KOROSTEN PLUTON OF THE UKRAINIAN SHIELD

Palaeomagnetic and rock magnetic studies were conducted on anorthosites and gabbros from the VVolodarsk-
Volynskyi massif of the Korosten pluton to obtain new palacomagnetic determinations that meet modern
reliability criteria. The results confirm that the main magnetic carriers in these rocks are magnetite and
titanomagnetite, which contain a small amount of Ti. A bipolar characteristic component of magnetisation,
isolated in the temperature range of 500-580 °C, demonstrates a primary origin and thermoremanent nature. The
new 1.76 Ga palaeomagnetic pole (® = 29.3°, A = 168.2°, Ags = 3.3°, N = 6) is in good agreement with
palaeomagnetic determinations of similar age for the Inhul and Volyn domains of the Ukrainian Shield. This
suggests that the evolution of these domains within the unified structure of the Ukrainian Shield began at least
1.76 Ga. To clarify the timing of the amalgamation of the East European Platform, and to calculate its
palaeolatitudinal position and kinematic parameters (latitudinal drift and angular rotation velocity) of its
segments, a selection of the most reliable Palacoproterozoic palaecomagnetic determinations for Fennoscandia
and Sarmatia was compiled. Palaeogeographic reconstructions of these segments were performed for specific
time intervals. According to the palaeomagnetic data, their final amalgamation occurred no earlier than 1.76 Ga.
At that time, these segments were located in the equatorial zone, and the Ukrainian Shield (as part of Sarmatia)
was rotated ~40° counterclockwise relative to Fennoscandia.
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Introduction

The East European Platform (Baltica palaeo-
continent) is a key element in palaeogeographic and
palaeotectonic reconstructions of the Precambrian.
This importance arises from its detailed geological
and geophysical investigation as well as the presence
of reliably dated and accessible geological formations
of various ages. The East European Platform (EEP)
comprises distinct segments—Fennoscandia, Sarmatia,
and Volgo-Uralia—each with its own evolutionary
history [Bogdanova et al., 2005]. It is essential to
determine the drift characteristics of these segments
and establish quantitative constraints on the timing of
their consolidation. This issue can be addressed
through palaeomagnetic studies, particularly those of
Palaeoproterozoic rocks from the Ukrainian Shield,
supported by geochronological and geological data.

Palaecomagnetic data enable the modelling of
tectonic block movement and the estimation of the
geometry and mechanisms of geomagnetic field
generation. The availability of dated palaeomagnetic
datasets for individual tectonic blocks enables the
determination of their palaeolatitude and orientation
in ancient geological times. A sequential set of such
determinations (the apparent polar wander path,
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APWP) allows estimation of the rates of latitudinal
drift and angular rotation of individual tectonic units.
However, the existing palaecomagnetic datasets for the
EEP are irregular in both age coverage and reliability,
with a particularly notable scarcity for the
Precambrian, owing to the limited number of
formations suitable for palacomagnetic investigation.

Current state of the problem

Over the past decades, both the equipment and
techniques used in palaesomagnetic studies have im-
proved significantly, leading to a substantial increase
in the quantity and quality of palaecomagnetic data. To
facilitate the selection and summarisation of such
data, global palacomagnetic databases have been
established [Veikkolainen et al., 2017; Jarboe et al.,
2012; Pisarevsky, 2005] and are regularly updated.
Currently, there are approximately 8,000 determi-
nations for the Phanerozoic and about 3,500 for the
Precambrian (~200 corresponding to the Archean,
~400 to the Palaeoproterozoic, ~2,000 to the
Mesoproterozoic, and ~900 to the Neoproterozoic).

For the Precambrian of the EEP, a considerable
number of determinations (~940) have been obtained
from rocks of the Baltic Shield (Fennoscandia), while
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significantly fewer (~100 and ~70) have been derived
from rocks of the Eastern Urals (Volgo-Uralia) and the
Ukrainian Shield (Sarmatia), respectively [Veikkolainen
et al.,, 2017]. However, the number of determinations
meeting the VVan der Voo reliability criteria (Q > 3) [Van
der Voo, 1990] — considered the lower threshold for
reliable palaeogeographic reconstructions—is only ~430
for the entire Precambrian and -~175 for the
Palaeoproterozoic of the EEP. Furthermore, palaeo-
magnetic data are lacking for certain time intervals
across various parts of the EEP, including the entire
Palaeoproterozoic of the VVolgo-Uralia.

Reconstructions based on quantitative palaeo-
magnetic data obtained from Precambrian rocks of the
Ukrainian Shield, which meet modern reliability
criteria [Buchan, 2013], are limited and often
ambiguous. This is due to several factors. Firstly, the
specific characteristics of these formations impose a
number of constraints on the application of the p-
alaeomagnetic method, including challenges asso-
ciated with performing field tests of palacomagnetic
stability. In addition, the criteria used for selecting
palaeomagnetically stable rocks (as well as those for
assessing the reliability of the obtained data) were
developed primarily for the Phanerozoic [Van der
Voo, 1990] and are often not fully applicable to Pre-
cambrian rocks. Secondly, the reliability and preci-
sion of geochronological determinations for the Pre-
cambrian are crucial for the correct interpretation of
palaecomagnetic data. Thirdly, the distribution of
palaeomagnetic determinations is uneven in both age
and geographic coverage, reflecting the irregular
availability of suitable formations for study.

Some of the most promising Palaeoproterozoic
formations for palaeomagnetic studies within the
Ukrainian Shield are the Korosten and Korsun-Novo-
myrhorod anorthosite-rapakivi granite complexes.
Modern geochronological determinations are availab-
le for the rocks of these complexes [Shumlyanskyy et
al., 2017]. Previous palacomagnetic studies have
identified the most informative rock varieties for
investigation [Mikhailova et al., 1994; Elming et al.,
2001; Bakhmutov et al., 2018; Bakhmutov et al.,
2023; Cherkes et al., 2023a].

The present study aims to obtain new, reliable
palaeomagnetic determinations for the basic rocks of the
Volodarsk-Volynskyi massif of the Korosten pluton and
to calculate the kinematic parameters of the EEP and its
segments in the Palaeoproterozoic, based on a selection
of the most reliable palacomagnetic data.

Geology of the Korosten pluton

The Korosten plutonic complex is one of the most
typical and well-studied examples of Palaeoproterozoic
anorthosite—rapakivi granite complexes in both Ukraine
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and the world. It comprises the Korosten pluton (KP)
itself, along with several smaller intrusive bodies,
metasomatic formations, and contact-metamorphic rocks
distributed within the KP framework. Intrusions of the
Korosten complex are emplaced into the folded
Palaeoproterozoic basement of the north-eastern part of
the Volyn domain of the Ukrainian Shield, near its
boundary with the Ros-Tikych domain (Fig. 1, a).

The KP has an approximately isometric shape,
covers an area of about 10,000 km?, and extends 100 km
in the meridional direction and 150 km from west to
east. Its petrographic composition includes both basic
and acidic rocks, with intermediate varieties being rela-
tively rare. The basic rocks are represented by gabbro—
anorthosite massifs, the largest of which are Volodarsk-
Volynskyi, Chopovychi, and Fedorivka. The acidic
rocks correspond to granitoid massifs, among which
Narodychi, Malyn, Chervonoarmiysk, and Sydorovychi
are the most prominent. Rapakivi and rapakivi-like
granites are the predominant rock types, covering about
75 % of the pluton area. anorthosites, gabbro—anortho-
sites, and gabbros account for approximately 23 %,
while hybrid rocks account for no more than 2 %
[Mytrokhyn et al., 2011].

According to zircon and baddeleyite U-Pb dating,
the age of the Korosten complex rocks ranges from
1815 Ma to 1743 Ma, with two major stages of mag-
matic activity occurring at intervals of 1800-1780 Ma
and 1768-1755 Ma [Shumlyanskyy et al., 2017].
During these stages, granitoid and basic magmatism
alternated [Mytrokhyn, 2011]. Based on previous
studies [Mytrokhyn, 2011; Shumlyanskyy, 2012;
Shumlyanskyy et al., 2017], five age series have been
identified for the basic rocks of the KP: A; — early
anorthositic (1800-1780 Ma); A2 — main anorthositic
(1761-1758 Ma); Gs — early gabbroic; G4 — late
gabbroic (1763-1757 Ma); and Ds — dyke series,
which formed throughout the entire period of KP
formation. The Volodarsk-Volynskyi Massif (VVM)
is a polyphase intrusion composed of rock
associations of different ages, related to the main
anorthosite series (Az) and the gabbroic series Ga-s. It
is the largest gabbro-anorthosite massif both within
the KP and within the EEP [Mytrokhyn, 2011].

The VVM is located in the south-western part of the
KP and covers an area of approximately 1,250 km?. It is
surrounded by granitoids of the Korosten complex
(Fig. 1, b). In the north-eastern part, the VVVM borders
the rocks of the Chopovychi Massif, and in the south, it
adjoins the metamorphic formations of the Teteriv Series
and, locally, the granitoids of the Zhytomyr Complex
[Shumlyanskyy et al., 2017].
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Fig. 1. Schematic geological map of the Ukrainian Shield (a)
and the Volodarsk-Volynskyi massif of the Korosten pluton with sampling sites (b).
Adapted from [Shumlyanskyy et al., 2017; Mytrokhyn, 2011].

Legend (a): see Fig. Legend (b): 1 — anorthosites and gabbro-anorthosites, 2 — gabbros, gabbro—norites,
gabbro—monzonites and monzonites, 3 — rapakivi and rapakivi-like granites, 4 — host granites and migmatites;
yellow circles show the sampling sites locations, corresponding numbers are the site indexes according
to Table 1 and Fig. 2, e-g and 3.

Geological and geophysical data indicate that the
VVM occurs as a subhorizontal plate up to 7 km
thick, with boundary zones containing subvertical
gabbroic dyke-like bodies that extend to depths of 7—
10 km [Bogdanova et al., 2004]. These are interpreted
as ring-shaped magma conduits [Mytrokhyn, 2011].
Hybrid rocks, such as gabbro-monzonites, monzo-
nites, monzodiorites, and syenites, occur along the
margins of the massif at the contact zones between
gabbros and granitoids. A major part of the VVM was
formed during the fourth intrusive phase, dated to
1761-1758 Ma [Shumlyanskyy et al., 2017], corre-
sponding to the main anorthosite series (Az). The
massif is predominantly represented by coarse- to
giant-grained anorthosites and gabbro—anorthosites
transitioning into leucocratic gabbros.

Materials and methods
Palaeomagnetic and rock magnetics studies

Before sampling, particular attention was given to
identifying the least weathered areas of rock outcrops,

from which samples were collected. Sampling was
performed using a portable rock drill based on a Stihl
chainsaw and/or a Makita drill. Core samples, with a
diameter of ~2.54 cm and a length of 7-10 cm, were
oriented using a Pomeroy OR-2 device, which utilized
both a Brunton magnetic compass and a solar
compass. For subsequent measurements, 2-4 spe-
cimens were prepared from each core, each with a
height of 2.2 cm and a diameter of 2.54 cm.

The research was conducted using equipment at
the palaeomagnetic laboratory of the Centre for the
Collective Use of Magnetometric Equipment, Institute
of Geophysics, National Academy of Sciences of
Ukraine. Stepwise thermal demagnetisation and
measurements of natural remanent magnetisation
(NRM) were performed in a magnetically shielded
room, MMLFC (Magnetic Measurements, UK). Hea-
ting was carried out using an MMTD80 furnace
(Magnetic Measurements) in temperature increments
of 10-50 °C, up to 590-640 °C. Alternating field de-
magnetisation was conducted using an LDA-3A devi-
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ce (AGICO, Czech Republic) in fields up to 100 mT.
NRM and magnetic susceptibility were measured with
a JR-6A magnetometer (AGICO) and an MFK1-FB
kappabridge (AGICO), respectively.

The NRM components were determined using principal
component analysis [Kirschvink, 1980] and remagne-
tisation circle analysis [Halls, 1976], implemented in
Remasoft 3.0 software [Chadima and Hrouda, 2006].

Thermomagnetic analysis was conducted to identify
the magnetic carriers of the NRM. This analysis assessed
the dependence of magnetic susceptibility on temperature,
using a KLY-5A kappabridge equipped with a CS4
apparatus module from AGICO. To determine the
unblocking temperature ranges of magnetic minerals with
different coercivity spectra, the Lowrie test was conducted
[Lowrie, 1990]. Samples were sequentially magnetized
along three orthogonal axes in fields of 25 T, 0.4 T, and
0.12 T, respectively, followed by stepwise thermal
demagnetisation. In addition, isothermal magnetisation
curves were analyzed for fieldsupto 1.25T.

Poles selection and palaeogeographic
reconstruction

The selection of palacomagnetic determinations for
the EEP was carried out using the palaeomagnetic

databases Global Paleomagnetic Data Base [Pisarevsky,
2005], Magnetics Information Consortium [Jarboe et al.,
2012], and Precambrian Database PALEOMAGIA
[Veikkolainen et al., 2017]. The selection process
followed modern criteria for assessing the reliability of
palacomagnetic determinations [Van der Voo, 1990;
Buchan, 2013]. The polarity of the poles was determined
according to the principle of the shortest distance
between chronologically nearest poles. Palacogeographic
reconstructions and calculations of the kinematic
parameters of the EEP were performed using the
GMAP2012 [Torsvik and Smethurst, 1999] and GPlates
[Miiller et al., 2018] software.

Results and discussion

Palaeomagnetic studies

According to studies of pilot collections of KP
rocks [Bakhmutov et al., 2018; Bakhmutov et al.,
2023; Cherkes et al., 2023a], the palacomagnetically
most informative rock varieties were identified as
anorthosite and gabbro—anorthosite, while gabbro and
monzonite were found to be less informative. These
results are consistent with previous studies of KP
rocks [Mikhailova et al., 1994; Elming et al., 2001].

Table 1
Site-mean palaeomagnetic directions and virtual geomagnetic poles

No.| ®°N | A, °E Rock Tub, °C NN | D,° | 1,°| k l|ass (mab),°| @, °N | A,°E | dp/dm®
- | PCA

[som | anaen | S0 AT e 22 64 [0 |55 | 85 | 107 [ o5
| PCA

2 | 50.4668 | 28.9117 | Anorthosite Atl7400—559800RC ;gﬁg ii; 121.?6 1_2 (1933‘; 325 1659 | 67/134

3 | 50.6274 | 28.4469 |Olivine gabbro 428000__66200;;: ggﬁg 51‘21411 Z)? 9_4 (:33:2) 284 1690 17134

4 | 50.4597 | 28.8901 | Anorthosite 419500__5 5880(:52 ;ﬁﬁg 233 311'.14 8;5 (17435) 314 1650 | 7.37145

5 | 50.4631 | 28.8724 Gabbro 360-560RC | 27/9 2180 25| - (14.6)

| PCA

6 | 505218 28.9411 | Gabbro 432800—558800R° 2%8 iﬁﬁ Z:é = (;:2) N
| PCA

7| 504698 | 280950 | Avonose [0 |ITIE | WG |206] 12| {11 | 204 | 1647 | 68123

8 | 50.6310 | 28.4484 |Olivine gabbro 54(1100_—55780(::: 3333//274 ;égg 122 6_4 (g:;) 256 1687 19138

Note: No. is index of the sampling site according to Fig. 1 b, 2 e-g and 3; ¢ and A are latitude and longitude of the
sampling site, respectively; Tu, is unblocking temperature range of NRM; n/N is ratio of the total number of specimens
studied to the number of specimens with identified ChRM used in calculations; D and | are site-mean declination and
inclination of NRM directions, respectively; k is Fisher precision parameter of the site-mean direction; ags (map) is radius
of the confidence circle for the site-mean direction at 95% probability level (maximum angular deviation); ® and A are
latitude and longitude of the virtual geomagnetic pole; dp/dm is a semi-axes of the confidence ellipse for the virtual
geomagnetic pole at a 95% probability level. The superscripts “P°A” and ”RC” near the unblocking temperature indicate the
component isolation method: principal component analysis or remagnetisation circles method, respectively. The high-
temperature ChRM used to calculate the average palaeomagnetic direction and pole is shown in bold.
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Fig. 2. Examples of demagnetisation of anorthosite (a, b) and gabbro (c, d) specimens, site-mean
palaeomagnetic directions of the low-temperature component of remanent magnetisation (e) and the
high-temperature characteristic component of remanent magnetisation (f), identified by principal
component analysis, as well as directions identified using the remagnetisation circles method (g).

Legend (a—d): 1 — stereographic projections of NRM vectors during demagnetisation (filled and empty
circles are projections in the lower and upper hemispheres, respectively); 2 — NRM value (M/Mmax) during
demagnetisation; 3 — orthogonal diagrams of NRM vectors (Zijderveld diagrams) on horizontal and vertical

planes; the orange line represents the identified ChRM vector. The numbers near the projections of the site-mean
directions of the magnetisation (e—g) are the sampling site numbers according to Table 1 and Fig. 1, b. The cross
(e) indicates the direction of the present Earth’s magnetic field (PEMF) in the sampling area. The asterisk (f)
indicates pole No. 7*, which was excluded from the calculations.
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In this research, new collections of basic rock samples
from the VVM were analyzed, representing eight
sampling sites (see Fig. 1 b). The results are presented in
Table 1 and Fig. 2. The NRM values of the studied
samples vary across a relatively wide range and can differ
significantly even within a single sampling site. In general,
anorthosites exhibit higher NRM values (120x10° A/m to
400x10° A/m) compared with gabbros (80x10° A/m to
220x10% A/m), which corresponds to the typical NRM
range for KP rocks [Bakhmutov et al., 2025]

Based on a comparison of demagnetisation results
from the pilot specimen collection-using both alter-
nating magnetic field (e. g., see Fig. 2, d) and thermal
demagnetisation methods (see Fig. 2, a—c)-the latter
technique was preferred.

Two magnetisation components were identified in
most samples. The low-temperature component
(LTC) is generally demagnetized at unblocking tem-
perature (Typ) range of 350-450 °C, and occasionally
up to 540 °C. The contribution of this component to
the NRM varies: in anorthosites, it averages 10-35 %
(see Fig. 2, a), while in gabbros it is significantly
higher, ranging from 30% to 60 % (see Fig. 2, ¢). The
LTC is most likely associated with viscous
magnetisation, as its direction is close to that of the
present Earth’s magnetic field (PEMF) at the
sampling site. On average, however, for all
collections, the LTC direction is slightly shifted
eastward relative to the PEMF (see Fig. 2, €). The
mean direction of the viscous LTC is characterized by

the following statistical parameters: D = 35.9°
1=64.1°, k=573, ags = 7.4°, N = 8.
The high-temperature  characteristic  remanent

magnetisation (ChRM) component accounts for up to
90 % of the initial NRM in anorthosites (see Fig. 2, a)
and approximately 50% in gabbros (see Fig. 2, c). In
some anorthosites, however, the viscous component is
dominant (see Fig. 2, b). For most specimens, the ChRM
is defined by linear segments of orthogonal projections
within the 500-580 °C Ty, range, based on 4-6 data
points (see Fig. 2 a, c), although in some cases it extends
over a broader interval (360-620 °C). The ChRM vector
in general trends toward the coordinate origin.

The ChRM directions were also confirmed thro-
ugh the analysis of remagnetisation circles and show
good agreement with the results obtained by principal
component analysis (see Table 1 and Fig. 2, f, g). An
exception is sampling site No. 4, where the anortho-
site exhibits overlapping spectra of the viscous LTC
and the high-temperature ChRM (see Fig. 2, f, g),
complicating the identification of the latter. A similar
situation is observed for specimens from Site No. 5,
where the viscous component dominates, preventing
the component analysis from isolating the ChRM;
traces of this component are visible only through
remagnetisation circle analysis (see Table 1).
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Site-mean directions of the ChRM component we-
re determined for collections from seven sites using
principal component analysis (see Table 1; Fig. 2, f).
This component exhibits bipolarity: the polarity of
anorthosites from sites No. 2 and No. 4 is reversed
relative to other sites. In some cases, both polarities
occur within individual specimens from the same site,
likely due to the prolonged cooling of large plutonic
bodies, during which a geomagnetic field reversal
could have occurred.

The mean ChRM directions lie in the | and Il
quadrants of the stereographic projection and are
characterized by low inclinations (see Fig. 2, f). The
directions show good clustering overall, except for the
ChRM of anorthosites from site No. 7, which has a
noticeably higher inclination of 29.8° and deviates
from the general group. This deviation may result
from an anomalously high degree of magnetic
susceptibility anisotropy. The degree of anisotropy
(P;) for specimens from site No. 7 is 1.4 [Bakhmutov
et al., 2025, Table 2, sampling site No. 16], whereas
for anorthosites from other sites, P; typically ranges
from 1.05 to 1.15. Consequently, the results from site
No. 7 were excluded from further palacomagnetic
pole calculations.

The mean ChRM direction for rocks from the six
remaining sites (No. 1-4, 6, and 8) is: D = 214.5°,
I = 49° k = 200.2, ags = 4.7°, N = 6. The
corresponding ~1.76 Ga palaeomagnetic pole is:
® =29.3°, A =168.2°, Ags = 3.3°, N = 6 (Fig. 3).

120 °E 150 °E 180 °E 210 °E

30 °N

Equator

Fig. 3. New palaeomagnetic poles obtained
for the basic rocks of the Volodarsk-Volynskyi
massif of the Korosten pluton.

Yellow squares show the positions of the virtual
geomagnetic poles with confidence intervals of Ags, the
numbers correspond to the sampling site indexes (see
Table 1 and Fig. 1, b); the orange square shows the
palacomagnetic pole (V). The asterisk indicates
pole No. 7*, which was excluded from the calculations.
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Identification of ferromagnetic minerals

Previous palaeomagnetic studies of the basic rocks
from the Korosten and Korsun-Novomyrhorod
plutons of the Ukrainian Shield [Mikhailova et al.,
1994; Elming et al., 2001; Cherkes et al., 2023a;
Bakhmutov et al., 2025] concluded that the main
carrier of NRM is magnetite or titanomagnetite
containing a small amount of Ti. The high-
temperature ChRM component is associated with
systems of oriented lamellar (needle-like) Fe-Ti oxide
inclusions, which represent exsolution structures
within plagioclases and pyroxenes. The presence of
these structures in the respective minerals has been
confirmed by optical and electron microscopy
[Mikhailova et al., 1994; Cherkes et al., 2023a].

Additional rock magnetic experiments were conducted
to identify the magnetic minerals. They included isother-
mal remanent magnetisation (IRM), thermomagnetic
analysis, and the Lowrie test [Lowrie, 1990].

The results of thermal demagnetisation show that the
ChRM s isolated within the Ty, range of 500-540-580
°C (see Table 1; Fig. 2, a—c), which is characteristic of
magnetite. The IRM curves indicate that, in fields of
approximately 300 mT, most specimens achieve 90-100
% saturation IRM (Fig. 4), consistent with a low-
coercivity mineral such as magnetite. Additional IRM
data obtained from a plagioclase monocrystal show a
magnetite-like saturation curve (Fig. 4, curve with
circles), suggesting that magnetite is the principal
magnetic mineral among the observed systems of
needle-like inclusions in plagioclases. In contrast, other
specimens reach full saturation only in stronger fields
(up to 0.4 T and even 1.0 T), indicating the presence of
additional magnetic minerals with higher coercivity.

IRM/SIRM

400 800
Applied field (mT)

1200

Fig. 4. Graphs of isothermal remanent
magnetisation acquisition for anorthosite
specimens.

IRM/SIRM is the ratio of IRM to saturation IRM.
Results for a specimen of plagioclase single crystal
are shown with circles.

Changes in magnetic susceptibility with tempe-
rature also indicate that the main magnetic carrier is a
mineral with a Curie temperature of approximately
580 °C (Fig. 5). In most cases, the heating—cooling
curves are irreversible, and new highly magnetic
minerals are formed during heating. Typically, the
cooling curve shows an increase in magnetic
susceptibility of 10-30% (Fig. 5, a, b), while in some
samples, a more pronounced increase of up to 2-5
times is observed (Fig. 5, c, d). Based on the behavior
of the cooling curves, the newly formed magnetic
minerals are represented by pure magnetite with a
Curie temperature of about 580 °C (Fig. 5, a) and/or
titanomagnetite containing a small amount of Ti with
a Curie temperature of about 540-550 °C (Fig. 5, b—
d). Titanomagnetite is occasionally detected in the
heating curves (Fig. 5, d) and in the thermal
demagnetisation data (see Fig. 2, c), corresponding to
the Ty range of the ChRM (480-550 °C).
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Fig. 5. Plots of normalised magnetic
susceptibility (Kn) versus temperature
for anorthosite (a—c) and gabbro (d) specimens.

The red and blue curves represent heating and
cooling, respectively. The K, are normalised to the
initial magnetic susceptibility at 25 °C.

The results of the Lowrie test for anorthosite and
gabbro show that the main portion of the IRM
(approximately 80-90 % of the maximum IRM) is
acquired in a 012 T field (Fig. 6). This soft IRM
component exhibits maximum Ty, gradients in the range
of 500-560 °C, consistent with the Ty, of the ChRM.
The contribution of the medium and hard components
generally does not exceed 10 %, and these components
are also demagnetized at 550-570 °C. Considering the
results from all rock magnetic analyses, it can be
reasonably concluded that the main carrier of the ChRM
is magnetite (or titanomagnetite with a small Ti content)
with Curie temperatures of 550-580 °C.

135



Geodynamics 2(39)/2025

Considering the new data together with the results of
previous microscopic studies [Mikhailova et al., 1994;
Cherkes et al., 2023a], it can be concluded that magnetite
is the principal carrier of the ChRM. The ChRM exhibits a
thermoremanent nature and is primary in both gabbros and
anorthosites. Its primary origin is supported by the
following evidence: 1. Bipolar, antipodal ChRM direc-
tions are observed across different sampling sites. 2. The
magnetic carriers are isolated lamellar, fine-grained mag-
netites occurring within the exsolution structures of pla-
gioclases and pyroxenes. 3. The newly obtained palaeo-
magnetic poles are in good agreement with those deter-
mined for other rocks of similar age from the Volyn and
Inhul domains of the Ukrainian Shield [Mikhailova et al.,
1994; Elming et al., 2001, 2010; Bakhmutov et al., 2023].
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Fig. 6. Temperature demagnetisation of IRM of
anorthosite (a) and gabbro (b) specimens.

Circles, triangles, and squares represent the hard,
medium, and soft components of the IRM acquired
in fields of 2.5 T, 0.4 T, and 0.12 T, respectively.
IRM/IRMpmay is the ratio of the IRM to the maximum
value of the IRM.

Selection of palaeomagnetic poles for the
Palaeoproterozoic of the EEP

The analysis of the Global Paleomagnetic Database
[Pisarevsky, 2005], Magnetics Information Consortium
[Jarboe et al., 2012], and Precambrian Database
PALEOMAGIA [Veikkolainen et al., 2017], enabled to
compile a selection of palaeomagnetic poles for the
Palaeoproterozoic of the EEP (Baltica) and its segments.
The selection includes the most reliable determinations
according to the reliability criterion (Q) for
palaeomagnetic poles [Van der Voo, 1990].

For Sarmatia, the selection comprises 11 poles
spanning an age range of 2078-1720 Ma (Fig. 7, red).
The apparent polar wander path (APWP) begins with
poles No. 1 and 2, dated to about 2.07 Ga, which
gradually shift toward poles NM (2035 Ma,
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Novoukrainka Massif of the Inhul domain of the
Ukrainian Shield) and BM (1987 Ma, Buky Massif of
the Volyn domain of the Ukrainian Shield), as well as
pole No. 3, derived from dykes in the north-western
part of the Volyn megablock of the Ukrainian Shield.
The consistency among these poles — determined from
rocks of the Volyn and Inhul domains — suggests that
these blocks have remained stationary relative to each
other since ~2.0 Ga. After 2 Ga, palaesomagnetic data
for the Sarmatian segment of the APWP are absent for
roughly 250 Myr (Fig. 7, red dotted APWP line).
According to geological evidence, the assembly of
Volgo-Sarmatia, resulting from the collision between
Sarmatia and Volgo-Uralia, occurred between 2.1-
2.0 Ga [Bogdanova et al., 2005]. Consequently,
Sarmatia is further considered part of Volgo-Sarmatia.

The APWP of Sarmatia continues with a well-
clustered group of poles—KP, KNP, and No. 4-6-dated to
1.76-1.74 Ga. Except for the KNP pole, these were
obtained from rocks of the Volyn domain of the
Ukrainian Shield. Similar to the ~2.0 Ga BM and NM
poles, the KP (1760 Ma, Korosten pluton of the Volyn
domain) and KNP (1750 Ma, Korsun-Novomyrhorod
pluton of the Inhul domain) poles are closely positioned,
indicating that these domains have maintained a fixed
relative position since at least 1.76-1.75 Ga.

Considering the agreement among poles KP, KNP,
and No. 4-6, as well as the presence of a positive
baked contact test for pole No. 4 [Elming et al.,
20101, this group of poles can be regarded as the key
and most reliable dataset for the Palaeoproterozoic of
Sarmatia. This section of the APWP terminates with
pole No. 7 (1720 Ma), which is slightly displaced
toward the equator. No younger determinations are
available for the Sarmatian segment of the APWP.

According to geological and tectonic data, the
formation of Baltica, resulting from the amalgamation of
Fennoscandia and Volgo-Sarmatia, occurred around
1.7 Ga [Bogdanova et al., 2005]. Therefore, the APWPs
of Sarmatia and Fennoscandia are subsequently conti-
nued by the APWP of Baltica (Fig. 7, green).

The selection for Fennoscandia includes 26
determinations within the age range of 2449-1700 Ma
(Fig. 7, blue), most of which fall between 1800 and
1750 Ma. In the interval 2.45-1.97 Ga, the APWP
contains significant gaps and is represented by only five
individual determinations — two ~2450 Ma poles (No. 8
and 9), a 2295 Ma pole (No. 10), and poles No. 11 and
12 dated to 2058 Ma and 1970 Ma, respectively.
Because of the absence of palacomagnetic data for the
~150 Myr interval between poles No. 8-9 and No. 10, as
well as the ~240 Ma and ~90 Ma gaps between poles
No. 10 and 11, and No. 11 and 12, respectively, the
Fennoscandian APWP segment for 2.49-1.97 Ga cannot
be regarded as reliable.
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Table 2
Selected palaeomagnetic poles for the Palaeoproterozoic of the EEP (Baltica) and its segments
No. | AgeMa) [ @() [ AC) | As() [ Q | Reference
Sarmatia

1 2078 12.0 172.0 5.0 4 losifidi et al., 1999

2 2067 15.7 182.9 12.4 4 Elming et al., 2010
NM 2035 434 141.9 6.2 4 Cherkes et al., 2023b

3 2000 64.4 140.4 12.7 4 Elming et al., 2010
BM 1987 475 144.9 5.2 4 Cherkes et al., 2023a

4 1765 28.8 169.8 4.4 7 Elming et al., 2010

5 1760 30.2 177.6 2.8 6 Kravchenko, 2005

KP 1760 26.7 169.6 4.2 6 this paper; Bakhmutov et al., 2023
KNP 1750 22.7 167.4 3.3 6 Bakhmutov et al., 2023

6 1740 20.5 167.4 5.6 6 Elming et al., 2001

7 1720 10.7 163.2 10.2 5 Elming et al., 2010

Fennoscandia

8 2449 -12.7 247.5 9.6 5 Shcherbakova et al., 2017

9 2446 -19.9 278.7 6.1 5 Mertanen et al., 1999

10 2295 -17.4 262.3 9.8 6 Mertanen et al., 2006b

11 2058 24.7 300.8 16.4 6 Torsvik and Meert, 1995

12 1970 44 .4 101.5 6.3 5 Lubnina et al., 2017

13 1931 40.2 247.3 6.0 4 Mertanen and Pesonen, 1994
14 1890 42.6 227.9 4.9 3 Elming, 1985

15 1885 46.9 237.5 35 5 Luoto et al., 2023

16 1870 45.7 230.9 5.5 7 Klein et al., 2016

17 1860 54.7 234.7 5.2 5 Veselovskiy et al., 2019

18 1806 43.0 220.0 2.8 5 Elming, 1985

19 1800 49.0 209.0 3.9 5 Elming, 1994

20 1800 50.9 229.1 7.2 4 Mertanen et al., 2006a

21 1786 43.0 233.3 10.9 6 Elming et al., 2009

22 1777 45.7 182.7 8.0 7 Pisarevsky and Bylund, 2010
23 1775 39.7 221.1 4.0 6 Pisarevsky and Sokolov, 2001
24 1775 45.8 218.0 4.9 4 Damm et al., 1997

25 1770 39.7 221.1 4.0 7 Pisarevsky and Sokolov, 2001
26 1767 50.4 222.2 10.2 4 Veselovskiy et al., 2013

27 1751 39.1 216.6 6.7 5 Fedotova et al., 1999

28 1751 40.5 229.8 8.1 4 Fedotova et al., 1999

29 1751 36.2 208.6 5.8 4 Fedotova et al., 1999

30 1751 40.5 227.3 75 4 Khramov et al., 1997

31 1751 33.9 214.3 7.3 4 Khramov et al., 1997

32 1751 37.8 210.6 5.5 4 Damm et al., 1997

33 1700 51.6 220.2 4.8 5 Elming et al., 2019

Baltica

34 1642 26.0 209.0 11.0 6 Salminen et al., 2021

35 1639 28.0 172.0 8.0 3 Salminen et al., 2019

36 1633 26.4 180.0 9.4 4 Mertanen and Pesonen, 1995
37 1630 30.2 175.4 9.4 3 Neuvonen, 1986

38 1614 22.0 147.0 14.0 4 Elming et al., 2009

Note: No. is the index of the palaesomagnetic pole according to Fig. 7; ® and A are latitude and longitude of the
palacomagnetic pole, respectively; Ags is the radius of the confidence circle of the palaeomagnetic pole at 95%
probability level; Q is the reliability criterion for palaecomagnetic determinations [Van der Voo, 1990].

From pole No. 12, the APWP shifts ~90°
westward along a great circle to pole No. 13
(1931 Ma), near which there is a relatively dense
cluster of poles (No. 14-32) covering the 1890-1751
Ma range. It can be inferred that during the period
between 1.9 Ga and 1.75 Ga, Fennoscandia did not
undergo significant latitudinal drift or rotation. The
group of poles No. 22-32, dated to 1777-1751 Ma,

may therefore represent the Kkey interval for
Fennoscandia around ~1.76 Ga. These poles show
good mutual consistency, and poles No. 22 and 25 are
further supported by positive field test results
[Pisarevsky and Bylund, 2010; Pisarevsky and
Sokolov, 2001]. The Fennoscandian APWP
terminates with the youngest pole, No. 33 (1700 Ma),
which also lies within the aforementioned cluster.
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There is a gap of approximately 60 Myr between the
youngest poles of Sarmatia (pole No. 7, 1720 Ma) and
Fennoscandia (pole No. 33, 1700 Ma) and the chrono-
logically subsequent pole No. 34 of Baltica (1645 Ma).
The younger Palaeoproterozoic poles of Baltica (No. 34—
38, dated 1645-1614 Ma) were obtained exclusively
from rocks of the Fennoscandian segment of the EEP.
The youngest comparable poles of Fennoscandia (No.
22-32) and Sarmatia (No. 4-6, KP, KNP), dated to
about 1.75-1.77 Ga, form distinct and separate groups
(Table 2; Fig. 7). Thus, according to palaesomagnetic
data, the amalgamation of the Baltica palaeocontinent
occurred no earlier than 1.75-1.76 Ga (based on the
most reliable section of the APWP) and possibly not
earlier than 1.72-1.70 Ga if individual determinations
No. 7 and No. 33 are taken into account.

Note: No. is the index of the palaeomagnetic pole
according to Fig. 7; ® and A are latitude and
longitude of the palaeomagnetic pole, respectively;
Ags is the radius of the confidence circle of the
palaeomagnetic pole at 95% probability level; Q is the
reliability criterion for palaecomagnetic determinations
[\Van der Voo, 1990].

The lower time limit for the assembly of Baltica is
constrained solely by geological data and is estimated
at approximately 1.7 Ga [Bogdanova et al., 2005].
Poles younger than this age are attributed to the
Baltica palaeocontinent. The Palaeoproterozoic sec-
tion of the Baltica APWP (see Fig. 7, green) is re-
presented by poles No. 34-38, corresponding to ages
between 1642-1614 Ma. Among these, pole No. 34 is
the most reliable, as it is supported by a positive field
test result [Salminen et al., 2021].

Palaeogeographic reconstruction of the EEP in
the Palaeoproterozoic

Palaeogeographic reconstructions of the Ukrainian
Shield (as part of Sarmatia) and Fennoscandia were
performed based on a selection of palacomagnetic poles
and the APWP for the Palaeoproterozoic of the EEP,
covering the age range 2.78-1.614 Ga (see Table 2 and
Fig. 7). Calculations of palaeolatitudes and latitudinal
drift rates for the Baltica palaeocontinent and its seg-
ments (Sarmatia and Fennoscandia) are presented in
Fig. 8, while reconstructions for specific time intervals
are shown in Fig. 9. Because the proposed APWP for the
Palaeoproterozoic of Baltica has no clear connection
with the APWP for later epochs, it is impossible to
establish the polarity of the palaeomagnetic poles clearly.
In our case, the APWP was calculated based on the
principle of the minimum distance between chrono-
logically closest poles corresponding to reasonable rates
of latitudinal drift and angular rotation. The palaeo-
magnetic poles from Table 2 were accepted as northern
poles. For the interval 2.44-1.97 Ga (poles No. 8-12),

there is insufficient data to calculate the APWP for
Fennoscandia, so it is impossible to establish the polarity
of these poles relative to the younger section.

According to the selection (see Table 2) and
calculations of the kinematic parameters of the EEP
(Fig. 8), the general features of the palaeotectonic
evolution of the EEP and its segments during the
Palaeoproterozoic can be summarized as follows.
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Fig. 8. Palaeolatitudinal position (a) and
latitudinal drift rates (b) of Sarmatia (red),
Fennoscandia (blue), and Baltica (green).

The palaeolatitude (a) of Sarmatia, Fennoscandia,
and the Baltica is shown by solid lines in red, blue,
and green, respectively; dashed sections indicate the
absence of data. The darker and lighter colours show
the direction of drift (b) of the tectonic blocks to the
north or to the south, respectively.

According to individual palaecomagnetic determi-
nations, around 2.45 Ga (poles No. 8, 9), 2.295 Ga (pole
No. 10), and 2.058 Ga (pole No. 11), Fennoscandia was
located at middle to subequatorial latitudes in the
southern  hemisphere  (Figs. 8-9). Subsequently,
Fennoscandia drifted northward at an average latitudinal
drift rate of about 8 cm/yr, reaching polar latitudes in the
northern hemisphere by approximately 1.97 Ga (pole
No. 12; Fig. 9). Afterward, it migrated toward the
equator at an average drift rate of ~10 cm/yr and an
angular clockwise rotation rate of ~2.8 °/Myr. Between
1.93 Ga and 1.75 Ga (poles No. 13-32), Fennoscandia
stabilized in subequatorial latitudes of the northern
hemisphere (Fig. 8) and did not undergo significant
latitudinal shifts or rotations.

Between 2.078 Ga and 1.987 Ga, Sarmatia shifted
from subequatorial latitudes of the southern hemisphere
(poles No. 1, 2) to middle latitudes of the northern
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hemisphere (poles No. 3, NM, BM) at a latitudinal drift
rate of ~10 cm/year (Figs. 8-9), with an average angular
rotation rate not exceeding 0.5 °/Ma. Around the same
time (2.1-2.0 Ga), Sarmatia and Volgo-Uralia collided,
forming a larger continental block known as Volgo-
Sarmatia [Bogdanova et al., 2005].

No palaeomagnetic data are available for Sarmatia
between 2.0 and 1.76 Ga (poles KP, KNP, and poles
No. 4, 5). At approximately 1.76 Ga, Sarmatia and
Fennoscandia occupied equatorial latitudes, with
Sarmatia rotated ~40° counterclockwise relative to
Fennoscandia (Fig. 9). Insufficient data exist to deter-
mine the relative positions of Fennoscandia and Sar-
matia (Volgo-Sarmatia) during the 1.75-1.64 Ga
interval. From around 1.7 Ga onward, Sarmatia and
Fennoscandia evolved within the unified structure of
the Baltica palaeocontinent [Bogdanova et al., 2005].
By approximately 1.63 Ga (poles No. 34-38), Baltica
occupied equatorial latitudes (Fig. 9).

The new determination (KP) refines and extends the
results of previous studies on the rocks of the Korosten
pluton [Elming et al., 2001; Kravchenko, 2005], pro-
viding greater detail for the Palaeoproterozoic section of
the Sarmatia APWP (see Fig. 7; Table 2). The new data
align well with findings from palaeomagnetic studies on
dyke rocks of similar age located in northwestern part of
the Volyn domain of the Ukrainian Shield [EIming et al.,
2010] and on rocks from the Korsun-Novomyrhorod
massif of the Inhul domain of the Ukrainian Shield
[Bakhmutov et al., 2023]. Palacogeographic
reconstructions for the 1.76-1.75 Ga interval (Fig. 9), for
which representative palaeomagnetic data are available
for both Fennoscandia and Sarmatia, generally support
earlier estimates [EIming et al., 2010; Lahtinen et al.,
2023]. Thus, according to palacomagnetic evidence, the
amalgamation of Fennoscandia and Volgo-Sarmatia—and
the subsequent formation of the Baltica palacocontinent—
occurred no earlier than 1.75-1.76 Ga.
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Fig. 9. Palaeogeographic models of the Baltica and its segments in the Palaeoproterozoic based on
palaeomagnetic data.

Fennoscandia is shown in blue, Sarmatia in red, Volgo-Uralia in pink, and the Baltica in green.
Location of the Ukrainian Shield within Sarmatia/Baltica is shown in orange.

Scientific novelty

New palaecomagnetic determinations for
Palaeoproterozoic rocks of the Ukrainian Shield, along
with additional data on the magnetic mineral properties
of the basic rocks of the Korosten pluton, have been
obtained. A selection of the most reliable palaeo-
magnetic determinations for the EEP during the
Palaeoproterozoic was compiled, and a model of the
APWP was constructed. Based on this APWP, the
corresponding kinematic parameters were calculated,
and palaeogeographic reconstructions were developed.
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Practical significance

The results provide detailed insights into the
geodynamic evolution of the EEP during the Palaeo-
proterozoic and can be applied in palaeogeographic
reconstructions.

Conclusions

The basic rocks of the VVM (anorthosites and
gabbros) of the Korosten plutonic complex are
informative for palaeogeographic reconstructions
based on palaeomagnetic data. According to rock



Geodynamics 2(39)/2025

magnetic and microscopic analyses, the carriers of the
ChRM are isolated lamellar and needle-like, oriented
exsolution systems of magnetite and titanomagnetite
within plagioclases and pyroxenes. The bipolar
ChRM of the studied anorthosite and gabbro
specimens is isolated within the Ty range of
approximately 470-580 °C. The viscous LTC,
demagnetized up to 350-450 °C, aligns closely with
the direction of the PEMF at the sampling site.

The new results are consistent with those obtained
by other authors for rocks of similar age from the
Ukrainian Shield. The new palaeomagnetic pole for
the VVM rocks, calculated using the ChRM of
anorthosite and gabbro specimens from six sampling
sites, has the following parameters: ® = 29.3°
A =168.2°, Ags =3.3°, N=6.

The new palaeomagnetic determination for the
Volyn domain of the Ukrainian Shield is consistent
with palaeomagnetic data from rocks of the same age
in the Inhul domain, indicating that these domains
developed as a single tectonic unit within the
Ukrainian Shield since at least 1.76 Ga.

According to the selected palaeomagnetic
determinations for the Palaeoproterozoic of the EEP,
the final amalgamation of Fennoscandia and Sarmatia
occurred no earlier than 1.76 Ga. At that time, both
Fennoscandia and Sarmatia were situated near the
equatorial region, with Sarmatia rotating ~40°
counterclockwise relative to Fennoscandia compared
with their present-day positions within the EEP.
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HOBI PE3VJIbTATU MAJIEOMATHITHUX TA IETPOMATHITHUX JIOCJIIJKEHB T'ABPOI/IIB
KOPOCTEHCBHKOI'O IIJIYTOHY YKPATHCBHKOI'O IIIUTA

BukoHaHO KOMIUIEKC MajeOMarHiTHUX Ta MarHiTHO-MiHEpaJOTiYHUX JOCITI/PKEHh aHOPTO3HWTIB 1 rabpo
Bononapcek-BonuHacbkoro MacuBy KopoCTEHCHKOTO IUTyTOHY 3 METOI0 OTPHMAHHS HOBHX ITaJleOMarHiTHHX
BU3HAYEHB, SKiI 3aJ0BOJIBHIIOTH CydacHi Kpurepii HaxiitHocTi. IlinTBepmKeHo, Mo y IMX MOPOJaX OCHOBHUM
MiHEpalIoOM-HOCIEM MEPBHHHOI 3aJMIIKOBOi HAMarHi4€HOCTI € MAarHeTHT Ta THUTAHOMArHETUT 3 HEBEIHMKOIO
Jominkoro Ti. BimosspHa xapakTepucTHYHa KOMIIOHEHTa HAMArHi4eHOCTi, sSKa 3a yciMa 03HaKaMH € MEPBHHHOO
1 Ma€e TEPMO3ANHUIIKOBY TPUPOAY, BHAUIAEThCA y miama3zoHi temmeparyp 500-580 °C. PospaxoBanwmii HOBHI
najeoMarHitTHui mojroc Bikom 1,76 mupa p. (O = 29,3°, A = 168,2°, Ags = 3,3°, N = 6) m0o6pe y3rouKyeThes i3
ONMM3bKMMHM 32 BIKOM IAJICOMarHiTHUMH BHU3HAYEHHSAMH Iyl TabpoiniB [Hrynascekoro Ta BoamHCbKOTO
MeTadIoKiB YKpATHCHKOTO IIWTA, IO CBIAYUTH MPO CBONIOLII0 IUX META0NOKIB B MEXaX €IUHOI CTPYKTYpH
IMTa TOYMHAIOYM, LIOHakiMeHme, 3 1,76 miapa p. tomy. Jlnsd yrouHeHHs dvacy amanbramanii CximHo-
€BPOIENCHKOT TIAT(GOPMH, PO3PAXYHKY ii MAaJEOIIUPOTHOIO MOJOXKEHHS Ta KIHEMATHYHHUX MapameTpiB (IIBHI-
KICTh HIMPOTHOrO jpeddy, KyToBOro oOepTaHHs) I CErMEHTIB BHKOHAHO BHOIpKY HalHaIifHIIINX
MaJIEOMAarHiTHUX BU3HA4YeHb IS ManeonpoTepo3oto denHockanmii Ta Capmarii. s okpeMux 4acoBUX iHTep-
BaJliB BUKOHAHO Majeoreorpadiuni peKOHCTPYKIIii IIMX cerMeHTiB. BiAmoBigHO 10 MajseoMarHiTHUX JaHUX, iX
OCTaTOYHA amMaylbraMariisi BimOynacs He pasime Hixk 1,76 Mipa p. ToMy, B Iel 9ac BOHH PO3TAIIOBYBAIUCS Y
eKBaTOpiaNbHii obnacti, YkpalHcbkuil muT (sik vactuHa Capmartii) 6yB moBepHyTHil BigHOCHO DeHHOCKaHIT Ha
~40° npoTH TOAUHHHUKOBOT CTPLIKH.

Kniouosi cnosa: KopocTeHChKHH IITYTOH YKpaiHCHKUH IINT, Tadpoiay, majeoMarHeTu3M, NETPOMArHeTH3M,
MaJICOMarHiTHUH MOITIOC, MmajeoreorpadivyHi peKOHCTPYKIII.
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