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In the paper, we propose a three-dimensional thermal model of the tectonosphere
of Ukraine. Its basis is a scheme of endogenous regimes. Accordingly, we constructed
heat and mass transfer models for each region for the ages of processes that can signifi-
cantly affect the calculated temperature anomalies. We calculated the anomalies relative
to the background temperature (represented by the thermal model of the platform at
each depth) for the conditions of typical heat generation of crustal and mantle rocks. The
calculated temperatures were compared with values independently established based on
various petrological data. The average discrepancy is about 70 °C; it corresponds to the
error of each method of about 50 °C and allows us to draw reliable isolines every 150 °C.
For the crustal conditions, the isotherm step was 100 °C due to some additional infor-
mation used. The results are schemes at depths of 10, 25, 35, 50, 75, 100, 150, 200, 300,
and 400 km. The obtained thermal model reveals noticeable negative anomalies in the
western platform regions with reduced heat generation of rocks (mainly the Ukrainian
Shield). In some areas, the temperature was found to be higher than the rocks' solidus
at 25 km (the Carpathians, the Scythian Plate, and certain parts of the activated plat-
form, Donbas, and the Lviv Trough), at depths of 50 and 100 km (the Carpathians and the
Scythian Plate, slight inclusions on the platform), at 75 km (the melting is much more
under the activated platform, in Donbas, and in the Lviv Trough) and at 400 km (under
the inactivated platform). (Insufficient geological study of Ukraine's territory, which may
significantly increase the error in the results in some areas, has been noted. It applies
primarily to the southern part of the Scythian Plate and the western part of the South
Ukrainian monocline.)

Key words: heat and mass transfer in the tectonosphere, three-dimensional thermal
model.

Introduction. This article discusses a ther-
mal tectonosphere model calculated based on

finding the area of recent activation (RA) and
other geological processes. Then we must

a scheme of heat and mass transfer during
deep processes. Such was the order of anal-
ysis for almost all endogenous regimes on
continents and oceans. Exceptions are some
oceanic regions, where there is not enough
factual material, and the zone of recent ac-
tivation on the continents and in the oceans,
where the process has not yet manifested it-
self in full in the phenomena and fields avail-
able for observation.

Thus, for Ukraine, work should begin with

construct a thermal model, compare it with
observed temperatures (7), and identify layers
of partial melting of matter within it.
Process scheme. The choice of the general
nature of the matter's movement during pe-
riods of active events in geological history is
based on the geological theory used by the
authors [Gordienko, 2022, etc.]. It implies
advective movement of matter within the
tectonosphere. The part of Ukraine covered
by the recent activation was clarified in 2024
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[Gordienko et al., 2024]. The applicability of
the used heat and mass transfer scheme for in-
terpreting the Earth's thermal and gravitation-
al fields was considered based on the system
of deep seismic sounding profiles around the
Northern Hemisphere and perfectly passed
the test [Gordienko et al., 2023a,b, etc].
Comparing thermal and velocity models of
the tectonosphere will demonstrate the ad-
vective nature of matter and energy transfer
(in contrast to the frequently used concept
of convection with a large horizontal branch)
for all endogenous regimes of continents and
oceans. The result for the case of the recent
activation and the youngest geosynclinal
zones, island arcs, is the most obvious.

In the first case, a recent single energy
transfer allows us to see the balance of the
process. In the second case, there are several
transfer events, but the results of the initial
ones appear at a significant depth, and the
heat does not have time to go into the crust
and through the surface. It is no longer the
case for ordinary Alpides (for example, the
Carpathians). See Fig. 1 for relevant data.

Positive and negative velocity anomalies
relative to the velocity distribution under
the platform fully correspond to the results
of advection movement considering adiabatic
changes. The lower boundary zones are some-
what incomplete (especially in the case of the
arc, for which agreement with the platform
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data is achieved noticeably deeper). The rea-
son is the uncertainty of the velocity structure
of the transition zone from the upper to the
lower mantle [Tauzin et al., 2013]. However,
this does not change the evident result that
energy exchange occurs vertically. The veloc-
ity sections of the mantle calculated from the
thermal ones agree with the observed ones
within the error limits.

In each of the active endogenous regimes
represented in the territory of Ukraine, whose
influence currently affects the difference be-
tween the deep T and the platform one, one to
three acts of advection heat and mass trans-
fer occurred [Gordienko, 2022, etc.]. Their
boundaries are given in the previous publica-
tion of the authors [Gordienko et al., 2025a,b].
Their three-dimensional thermal models form
the general picture of the temperature distri-
bution in the tectonosphere.

Determination of the calculation error.
This parameter is necessary when assessing
the calculations' reliability and the actual
possible detail, and representing the results.
To establish the calculation error, we must
compare the calculated T values with inde-
pendently established experimental ones, us-
ing information on various variants of endog-
enous regimes. Not all data of this kind can
be found in the territory of Ukraine (Fig. 2).

The error in the calculated temperature
with the correct calculation scheme arises due
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Fig. 1. Comparison of thermal and velocity models of the tectonospheres of the inactive platform and the zone of
recent activation and the island arc: I — platform models, 2 — models of the arcs and RA zones, 3, 4 — velocity
models (3 — experimental, 4 — calculated), AV, — average differences between the calculated and experimental
models of longitudinal seismic wave velocities [Gordienko, 2022, etc.].
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Fig. 2. Comparison of calculated and experimental temperatures in different regions of Ukraine and other coun-
tries: a — inactivated platform of Ukraine, Siberia, Africa, and Brazil in the Phanerozoic (1, 2— calculated T; 3, 4
— established ones by xenoliths in zones with normal heat generation (HG) of crustal and mantle rocks, including
diamond-bearing regions with negative heat flow anomalies (3) and reduced one (4)); b— Alpine geosynclines (I
— calculated T, 2— Carpathians, 3— Apennines); c— zones of recent activation (I — calculated T for the process
age of 2—)5 million years, 2 — temperature data on the Moesian Plate, Cis — Carpathian and Transcarpathian
troughs); d — Vitim and Aldan zones of recent activation); e — the final stage of development of the Paleozoic
geosyncline of the Carpathians (I — calculated T, 2 — experimental ones); f — initial zones of rifting or young
activation (1 — calculated T, 2 — experimental ones for the Dnieper-Donets Basin, of the Rheno-Libyan Rift and
the zone in the Lublin-Lviv Paleozoic Trough). The bibliography is in [Gordienko, 2012, 2017; Gordienko et al.,
2005, 2006, 2011, etc.]. The inset shows the distribution histogram of differences between experimental and cal-

culated temperatures.

to insufficient information on the boundaries
of various sources and the time of their action.
The latter applies, first of all, to recent activa-
tion. There are still uncertainties regarding
the moment of its onset in various regions of
Ukraine, and they will not disappear shortly.
Moreover, the ages of individual heat and
mass transfer parts are also important. One
example is the intrusion of partially molten
mantle rocks from a reservoir in the upper
horizons of the mantle into the crust. It is
separated obviously from the start of activa-
tion (inflow of deep superheated matter under
the crust) by a noticeable time interval. The
sources of possible calculation errors can be
further detailed, but there is no point in this.

124

At present, it is possible to use only averaged
process parameters. Comparison with experi-
mental results (which, naturally, also contain
errors) must confirm the applicability of such
an approach.

The spectrum of endogenous regimes with
the compared temperatures is reasonably
complete for Ukraine. There are non-activat-
ed platforms with standard and low heat gen-
eration in the tectonosphere, zones of recent
activation of different ages superimposed on
platforms, and Phanerozoic geosynclines, the
initial stage of rifting (coinciding in content
with a single-act activation), geosynclines of
different ages proper. The sampling depth is
limited by the depths of magma sources that
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carried out xenoliths or by their composition,
determining the pressure-temperature condi-
tions in the source (in reality, no more than
200 km).

The results for the mantles of industrial di-
amond-bearing areas on different continents
are interesting. They fit clearly into the model
of zones with reduced heat generation. It in-
dicates the possibility of a wide distribution
of noticeable variations in heat generation on
Earth. This type of deviation came into view
due to their confinement to areas of detailed
studies. One may miss others because they
are of no practical interest. It is quite possible
that there are also platform regions where tec-
tonosphere heat generation is higher than av-
erage. By the theory, this assumption makes it
possible to explain the manifestations of rift-
ing on platforms, specifically in the Riphean
and Hercynian times in the Dnieper-Donets
Basin.

The comparison was for only about 180
samples. The average discrepancy in the data
is about 70 °C. According to [Shcherbakov,
2005, etc.], the error in determining the tem-
perature by petrological methods is about
50 °C. Accordingly, the error while calculating
the temperature is the same, and the reliable
isolines' step can be 150 °C. In fact, in the
crust, it is possible to refine the isolines' pat-
tern since the observed heat flow directly in-
dicates the passage of intracrustal advection,
one of the elements of the process of recent
activation. Therefore, the authors deemed an
isoline step of 100 °C for the crustal depth
interval permissible. It is impossible to jus-
tify strictly this value; however, it allows us to
highlight some details of the overall picture
that seem necessary (see below).

Temperature calculation results. The
distribution of deep T constructed by the
authors (Figs. 3—9) is, of course, regional in

Fig. 3. Temperature distribution at depths of 10, 25, and 35 km: I — temperature isolines, 2— the boundary of the
Carpathian geosyncline, 3 — the boundary of the Scythian plate, 4 — partial melting zones.
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Fig. 4. Temperature distribution at depths of 50, 75, and 100 km. For the legend of the figure, see Fig. 3.

nature. Thermal models of the tectonosphere
for regions of Ukraine (at least for the upper
horizons of the mantle and crust) have been
repeatedly published by the authors [Gordi-
enko et al., 2005, 2006, 2011,2015, 201%; Gor-
dienko, 2017, etc.]. In this article, changes
have been made that correspond to the results
of additional studies. Primarily, they concern
the boundary of the RA zone and anomalous
temperature values within the platform. Sev-
eral revision and T on the borders of the Car-
pathians and Scythian Plate with the platform.
Within the Phanerozoic geosynclinal regions
themselves, changes are minimal. Tempera-
tures in the crust of Ukraine are shown in
Fig. 3.

The distribution of T in the crust of Uk-
raine, constructed in the described manner,
does not reveal unexpected anomalies. The
map of deep heat flow can predict almost all
features of the resulting picture. Questions
arise only in the diagnostics of partial rock
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melting zones. The solidus temperature (7y)
for crustal formations significantly depends
on the degree of metamorphism, changing
noticeably both with depth and horizontally.

At a depth of 10 km, the solidus tempe-
rature of amphibolite (and lower) facies
metamorphic rocks is 600—650 °C caused
by a noticeable amount of water; it practi-
cally does not depend on the rock composi-
tion. Under the conditions of Ukraine at this
depth, there are no such temperatures. At
a depth of 25 km, amphibolite facies rocks
are widespread, and in some areas, solidus
temperatures have been reached. In the west-
ern part of the Carpathian region (Fig. 3, b),
longitudinal seismic wave velocities exceed
6.8 km/s. They are in an environment where
the temperature is undoubtedly higher than
typical for the platform. The rocks' metamor-
phism reaches that of granulites. Therefore,
600 °C is not enough for melting. In this area,
partial melting seems unlikely. It is achievable
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300 km

400 km

Fig. 5. Temperature distribu-
tion at 150, 200, 300, and 400 km
depths. For the legend of the fig-
ure, see Fig. 3. d
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slightly more to the east in the Carpathians
and in several other activated zones.

Granulite facies metamorphism is wide-
spread from a depth of about 30 km. At
3—40 km depths, the solidus temperature in-
creases from 950 to 1050 °C. Within Ukraine,
at a depth of 35 km, a temperature of 1000 °C
is reached only under the Transcarpathian
Trough with a crustal thickness of 256—30 km.
Thus, partial melting of rocks in the lower part
of the Ukrainian crust seems unlikely [Gor-
dienko, 2012, etc.]. Judging by the velocity
sections of the crust along the DSS profiles,
significant negative anomalies are not vis-
ible. Of course, we cannot exclude minor
melting (with a melt concentration of up to
1—2 %) due to low melting impurities. They
do not create noticeable velocity anomalies,
limiting themselves to velocity decreases of
0.1—0.15 km/s.

The temperature distribution is the most
complex in the 50—100 km depth range. The
maximum anomalies caused by different-age
influxes of superheated deep matter under
the crust are here. Naturally, mantle rock par-
tial melting zones are widespread just at these
depths. Their difference was the excess of the
solidus temperature T, S=1013+3.914—0.0037H2,
where H is the depth in km. Partial melting
occurs at 50 km (Fig. 4, a) only in the Car-
pathians and at the Scythian Plate, where the
partial melting is associated with the Alpine
and Cimmerian geosynclinal processes. At
the Scythian Plate, the calculated tempera-
tures are possibly somewhat elevated since
the used version of the development of the
Cimmerian geosynclinal process is not very
accurately known geologically. We used the
younger dates of the possible ones. In areas
where the heating of subcrustal depths is as-
sociated with recent activation, the tempera-
tures at 50 km have already noticeably de-
creased after the material's removal into the
crust and are below the solidus.

At adepth of 75 km (Fig. 4, b), partial melt-
ing zones are much more widespread. In ad-
dition to the Carpathians and the Scythian
Plate, they are also present in many areas in
the zone of recent platform activation, Don-
bas, and the Dnieper-Donets Basin. At 100 km,
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the areas with temperatures above the solidus
are again sharply reduced, and the influence
of heat and mass transfer in the RA period
is already noticeably less. In some areas, the
calculated T is a few tens of degrees below
the solidus. The differences are less than the
error, but melting is still not shown in Fig. 4, c.

The temperature distribution at depths of
150-400 km is shown in Fig. 5.

At depths of 150—200 km, temperature
variations are sharply less. The differences
between the platform and Phanerozoic geo-
synclines are not very large: £150 °C, that is,
approximately one step between reliable iso-
lines. To roughly the same extent, negative
anomalies are distinguished in areas with re-
duced heat generation of the crust and man-
tle rocks against the platform background.
Phanerozoic riftogen regions can also prob-
ably be distinguished similarly (with positive
anomalies relative to the platform). However,
data to substantiate such disturbances (for ex-
ample, under the Dnieper-Donets Basin) are
absent.

Deeper, at 300 and 400 km, there is the
lower boundary zone of advection processes.
Positive anomalies are under the inactivated
platform. Temperatures here exceed the soli-
dus. There is readiness for recent activation.

Conclusion. The research (including
two previous publications [Gordienko et
al., 2025a,b]) made it possible to present a
relatively detailed version of the thermal
field of Ukraine aimed at constructing the
temperature distribution over the entire tec-
tonosphere thickness. It demonstrates a suf-
ficiently high quality of the experimental
material and calculation methods: 1) heat
flow distributions; 2) deep seismic sounding
data on the velocities of longitudinal seis-
mic waves in the rocks of the Earth's crust;
3) methods for converting them into heat
generation, 4) calculations of crustal heat
flow; 5) deep heat and mass transfer in the
tectonosphere schemes of Ukraine during
its geological history; 6) calculation of three-
dimensional thermal effects of these move-
ments; 7) comparison of the obtained results
with independently established temperatures
at depths of up to approximately 200 km. The
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last procedure allowed us to evaluate the
quality of the final result and select the step
of isolines for its presentation.

Thus, one considers the problem set by
the authors to be solved. It is also necessary
to note the evident shortcomings of the con-
structed model. First of all, it's purely regional
nature. There are numerous local thermal
anomalies in the Ukrainian territory, many of
which have not been considered, and their
sources are missing in the calculation model.
It is often related to the scale of the image
of the resulting temperature distribution.
More significant limitations are related to the
shortcomings of geological information. Let
us mention the main ones. These include the
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TemMnepaTypu TeKTOHOC(epu YKpaiHu

B.B. I'opaieHko, 1.B. I'opaieHko, 2025
InctutyT reodizuku im. C.I. Cy66otina HAH Ykpairu, Kuis, Ykpain

PosrasHyTO TPUBUMIPDHY TEIAOBY MOAEAB TEKTOHOC(epHr YKpAIiHU. Y ii OCHOBI — cXeMa
€HAOTeHHUX Pe’KUMIB. BiaAlTOBIAHO A0 Hel TOOYAOBaHO MOAEAL TEITAOMACOIIEPEHOCY B KOJK-
HOMY 3 PETiOHIB A BIKOBUX IIPOILECIB, IKi MOJKYTh IOMITHO BIAMHYTH Ha OOYHUCAIOBAHI
TeMIlepaTypHi anoMaail. OcTaHHI pO3pax0OBYIOTHCS IIJOAO TEIIAOBOI MOAEAL TAAT(OPMU 3a
YMOB TUIIOBOI TEIAOTEeHepallil Topip KOpU Ta MaHTil. BUKOHaHO 3icTaBAeHHS pOo3paxyH-
KOBUX TEMIIEPATYP i3 He3aAeKHO BCTAHOBAEHVMMU 3@ Pi3HUMU IIETPOAOTIiYHUMY AQHUMH.
OTpuMaHO cepeAHt0 po36ikKHiCTh OAN3BKO 70 °C, 1110 BIiATIOBiAGE TTOMUAIII KOJKHOTO Me-
TOAY OAU3BKO 50 °C i pa€ 3MOTYy IPOBOAUTH AOCTOBIpHI i30AiHIT uepe3 150 °C. Arg yMOB
KOPH KPOK i30TepM Oyao ckopodeHO A0 100 °C, oCKIABKU TYyT MO>KHAa BUKOPHUCTOBYBATHU
AesKi AOAATKOBI BIAOMOCTI, fIKi yTOYHIOIOTE TeMIlepaTypy. OTpuMaHa TelIAOBa MOAEAB
BUSBASIE TIOMITHI HEraTUBHI aHOMaAIl y 3aXiAHUX IAAT(POPMHUX paloHax i3 3HUKEHOIO
TeIAOTeHepalliero Mopia (MepeBa’kHO — YKPATHCHKUU IIIUT). BUSBAEHO mepeBUllleHHS
TeMIIepaTypH COAipycCa ITOPiA ¥ AeIKUX palloHax YKpaiHu Ha TAnOuHax 25 kM (KapnaTy,
Cki(crka IAUTa, OKpeMi YaCTUHU aKTUBi30BaHOI naaTdopmu, AoHOACY Ta ABBIBCBKOTO
nporuny), 50 Ta 100 km (Kaprnatu Ta CkidhcbKa IANTA, HEBEAWKI BKPAlAeHHS Ha IAAT(OP-
Mi), 75 KM (IIAaBAeHHS HabaraTo IIUpIle IIiA aKTUBi30BaHOIO IAaTdopMolo, Ha AoHOAcH
Ta ABBIBCBKOMY IPOTHHi) Ta Ha 400 KM (A HeaKTUBi30BaHOIO IAAT(HOPMOI0). 3a3HaUYEHO
HEAOCTaTHIO T€OAOTiUYHY BUBUYEHICTH TepUTOpPil YKpaiHy, 4epes Ky B AEIKUX parlioHax
MoXUOKa Pe3yAbTaTiB MOJKe CyTTEBO 30iABIIUTHCE. Lle cToCcyeThcs HacaMIiepep, miBAeH-
Hol yacTrHU CKi)CHKOI IIAUTH Ta 3aXiAHOI YyacTUHU [TiBAeHHOYKPalHCHhKOI MOHOKAIHAAI.

KAro4oBi caroBa: TemaomMaconepeHeCceHHs Y TEKTOHOC(epi, TPUBUMipHA TEIIAOBA MO-
AEAB.
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