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SUMMARY

In this study, we present a quasi-three-dimensional model of mantle density beneath the
Ukrainian Shield. This 3D model is obtained using a basic set of one-dimensional seismic
tomographic velocity models calculated for 21 mantle domains in the depth range from 50 to
2600 km. The process of converting the P-wave velocity model into a density model includes
the following stages: (1) determining seismic boundaries in the mantle based on P-wave
velocity curves for each mantle domain; (2) creating an S-wave synthetic mantle model
beneath the Ukrainian Shield by recalculating the P-wave velocity curves; (3) solving the
Adams-Williamson equation for each domain, considering polynomial corrections to extract
heterogeneities during its solution; (4) analyzing existing models by comparing the calculated
gravitational potential at the central point of the domain and the observed field there, for all
reference models, and selecting the AK135 model as the standard reference. Here, we focus
on the final stages of constructing the mantle density model by: (1) balancing the mass of the
upper and lower mantle for each domain when determining density using the Adams-
Williamson equation and introducing polynomial corrections; (2) calculating densities for
each of the 21 mantle domains and their 3D integration. The obtained mantle-density model
of the Ukrainian Shield aligns well with the division of the mantle into three main layers:
lithosphere, upper mantle, and lower mantle.
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Introduction

We propose a new set of methods (approaches) for a (step-by-step) construction of a three-
dimensional (quasi-dimensional) model of mantle density beneath the Ukrainian Shield. The proposed
model was obtained in a result of the solution of several problems, imposed both by the initial data
and, to a large extent, by the limitations of the theoretical and practical aspects of the construction of
density models. The problems apply equally to both one-dimensional density calculation problems
and to their multidimensional variants.

The problems and their solutions arise, for the most part, from the nature of the used initial data. Our
input data are the seismic tomographic P-velocity model for the mantle beneath the Ukrainian Shield
(Shumlianska et al., 2014), constructed taking into account the known crustal thicknesses (Sollogub,
1982; Tripol'sky et al., 1988).

Method and Theory

The calculation of the density model consists of several stages, which are briefly formulated below:
(1) determination of the seismic boundaries by the inflection points of the first derivative of the
velocity curves v,(z) from the seismic tomographic model of the mantle beneath Ukrainian Shield.
This is quasi-3-D model, represented by a set of one-dimensional velocity curves obtained by solving
the seismic problem by the method of kinematic Taylor approximation;

(2) calculation of the synthetic S-velocity model using the P-velocity model, which has the property
of commensurability (proportionality) with the original model, giving advantages in accuracy when
the two collinear models (P, S) are used together for conversion to the density mantle models;

(3) calculation of one-dimensional density curves by solving the Adams-Williamson equation, using P
and S velocity values for each mantle domain beneath the Ukrainian Shield as input data;

(4) transformation the obtained density curves representing one-dimensional, homogeneous models of
different mantle domains using polynomial corrections from reference model AK135 which was
selected as optimal for modelling mantle density beneath the Ukrainian Shield.

The Adams-Williamson equation for the first iteration step requires initial density parameters po. The
initial densities at the 50 km level were provided by Kurlov et al. (2011), Svistun et al. (2020).

Seismic boundaries of mantle beneath the Ukrainian Shield vary with depth and do not follow
boundaries for the AK135 model. The calculated density results were checked for compliance against
the AK135 reference model. The mass of the upper and lower mantle was calculated from the
obtained density results. The masses were compared with the corresponding masses in the AK135
model. Corrections were made as the arithmetic mean value separately for the upper and lower mantle
if there was an excess or deficiency of mass in the experimental model.

Results

The obtained results are presented as a set of one-dimensional density curves for each of the mantle
domains beneath the Ukrainian Shield, calculated in the depth range of 50-2600 km, with a step of
25 km.

Its comparison with the 75 km section, where densities are calculated according to the P-velocity
model, shows a significant difference in geometry of anomalies, which reflects the heterogeneity
beneath different tectonic units of the Ukrainian Shield. Considering the sections 75 - 200 km, which
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depict the lithosphere structure, we note that at these depths the general geostructural plan of the
Ukrainian Shield is broken by a submeridional zone in its central part (Fig. 1).
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Figure 1 Horizontal sections of the lithosphere density beneath the Ukrainian Shield, g/cm’. Tectonic
division of the Ukrainian Shield (Kruglov et al., 2007). Domains: 1 - Volyn; 2 - Dniester-Bouh; 3 -
Ros-Tikych; 4 - Inhul; 5 — Middle Dnieper; 6 - Azov. Suture zones: 11 - Nemyriv-Kocheriv; 12 -
Holovaniv, 13 - Krivyy Rih - Kremenchuh; 14 — Orikhiv-Paviohrad

This is also consistent with deep-seated inhomogeneities of the upper mantle, revealed by a
comprehensive analysis of potential physical fields, seismic and geoelectric studies of the Ukrainian
shield (Pigulevskiy, 2012).

The modern block structure of the lithosphere recorded its multiple dislocations, metamorphic and
magmatic processing with displacement in time and space of compression and tension conditions with
a constant striving for energy and isostatic balance.

The built three-dimensional (quasi-dimensional) model of the mantle density under the Ukrainian
shield together with in-depth studies of the common deep point (CDP) allow studying the structural
and tectonic features of the lithosphere of the Ukrainian shield, expanding the idea of its structure as a
complete system of objects at different levels of its organization. The consolidated crust and upper
mantle have a complex block structure, subject to certain spatially correlated interrelationships,
against the background of which numerous inhomogeneities are manifested, inherent both to specific
blocks, to each interblock zone, and to the elements included in their composition (Pigulevskiy and
Stovas, 2022). Faults and tectonic plates, which form a complex hierarchical subordination, play a
significant role in the modern structure of the section in question.

The modern block structure of the lithosphere recorded its multiple dislocations, metamorphic and
magmatic processing with displacement in time and space of compression and tension conditions with
a constant striving for energy and isostatic balance.
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Figure 2 Horizontal sections of the mantle density beneath the Ukrainian Shield, g/cm3.
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Within the central part of the Middle Dnieper megablock of the Ukrainian Shield (Pigulevskiy, 2012),
based on the results of a comprehensive interpretation of the data of magnetotelluric sounding (MTS)
methods, and CDP seismic and gravity survey materials, it was possible to establish the presence of
vertical differentiation of the earth's crust and clarify the thickness of the lithosphere. MTS materials
show that localized geoelectric inhomogeneities are located in the lithosphere at different levels, have
different shapes, sizes and electrical resistivities, and, consequently, density. In the earth's crust, these
are subhorizontal or flattened lenticular bodies, subvertical linear or "near isometric" zones in plan,
sometimes having a large subhorizontal and subvertical extent (to the bottom of the earth's crust). In
the upper mantle, these are “oval-like” or “near-isometric” bodies, the geometry of which, apparently,
is associated with the presence of small chambers of partial melting of mantle pyrolite, which in ore-
forming systems can be the main supplier of ore matter.

Conclusions

The results of the model construction show that the density inhomogeneities in the mantle of the
Ukrainian shield are located at different levels, have different shapes and sizes. In the lithosphere,
these bodies can have different horizontal and vertical morphology, and below, in the mantle, these
are predominantly subhorizontal layers or lenticular bodies with a large subhorizontal extent.
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