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The article is devoted to paleotemperature reconstructions based on the data on the 
reflectance of the vitrinite of coal organic matter in the Upper Paleozoic deposits of the Don-
Dnieper trough (within the Dnieper-Donets depression and adjacent parts of the Donbas). 
It is builds on earlier work on reconstructing the paleogeothermal regime by establishing 
paleogeothermal gradients and amplitudes of vertical displacements of rock massifs. Pa-
leogeothermal indicators are associated with the geodynamic setting of the subsoil, which 
determines the intensity and nature of the distribution of heat sources, geological deve-
lopment, and features of the tectonic structure of the region. Based on the results, a map 
of the distribution of paleotemperatures at a depth of 3 km was constructed. An analysis 
of the changes and patterns in the distribution of paleotemperatures makes it possible to 
reveal the role of volcanism, deep faults geodynamics, and lithospheric parameters in the 
thermal history of the region, as well as to evaluate its thermal field evolution. The pre-
sented map, along with the previously published maps of the paleogeothermal gradients 
and amplitudes of vertical displacements of rock massifs, can be used to demonstrate the 
features and patterns of the regional distribution of the indicated parameters. It could 
become a powerful tool in the study of the tectonic and geothermal history of the region.

Key words: coal, deep faults, Don-Dnieper trough, gravitational field, lithosphere thick-
ness, paleotemperature, vitrinite thermometry, volcanism.

Introduction. Geothermal data are widely 
used in solving both scientific geological and 
applied problems, and they have found par-
ticularly wide application in the study of se-
dimentary basins. Since the thermal regime of 
the subsoil is one of the main factors  govern-
ing the structure, composition, and phase sta- 
te of the organic matter of the stratisphere, geo- 
thermal and paleogeothermal studies are wi- 
dely used in the geology of combustible mine-
rals, in particular coal and petroleum geology. 
They allow recovering coalification regimes of 
organic matter and the conditions for the ge-
neration of hydrocarbons and the formation 
of their deposits.

This paper is a continuation and comple-

tion of a previous one dedicated to the recon-
struction of the paleogeothermal regime of the 
Upper Paleozoic deposits of the Don-Dnieper 
trough [Ivanova, Gavryltsev, 2021]. The study 
aims to determine and analyze the paleotem-
peratures of the sedimentary cover of the Late 
Paleozoic stage of the trough’s development. 
Comparing them with the present-day tempe-
ratures makes it possible to estimate the ther-
mal history of the region’s development from 
the Paleozoic to the Cenozoic.

Paleogeothermal conditions of the subsoil 
of the Dnieper-Donets depression (DDD) and 
Donbas, which were studied using vitrinite ther- 
mometry, were covered in the works of A.V. Iva- 
nova [Ivanova, 1975, 1976, 1989, 1991, etc.], A.E. Lu- 
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kin [Arsiry et al. , 1984], N.P. Grechishnikov 
[Grechishnikov, 1987], V.V. Gordienko et al. 
[Gordienko, Usenko, 2003; Gordienko et al. , 
2006, 2015b], V.A. Privalov [Privalov et al., 2004], 
etc. The history of the study of the Paleogeo-
thermal conditions of the Upper Paleozoic de- 
posits of the Don-Dnieper trough using vitri-
nite thermometry is covered in more detail in a 
recently published work [Ivanova, Gavryltsev, 
2021].

Methodology of data processing of vitri- 
nite thermometry. The paleogeothermal pa-
rameters were determined from the vitrinite 
reflectance index (VRI) in coal and rock samp-
les with inclusions of Devonian, Carboniferous 
(mainly), and an insignificant amount of Meso-
Cenozoic coal matter [Ivanova, 2012]. VRI me- 
asurements in reflected polarized light in air 
(Ra) and oil (Ro) were carried out by A.V. Iva-
nova at the Institute of Geological Sciences of 
the National Academy of Sciences of Ukraine.

The vitrinite thermometry data were pro-
cessed assuming the leading role of tempera-
ture in the process of coalification and the line-
ar dependence of temperature on depth [Iva- 
nova, 1992; Ivanova, Gavryltsev, 2010]. The soft- 
ware algorithm is based on the normalization 
of many data points from different depths by 
a function of the VRI dependence on paleo-
temperature for a selected scale with the re- 
sulting array then being approximated by the 
least squares method. The straight line for the 
approximation procedure is, in fact, a depen-
dence of the following kind: tH = t0 + μ (H + ∆Н),
where tH is the paleotemperature, t0 is the tem-
perature of the neutral layer, μ is the paleogeo-
thermal gradient, H is the present depth of the 
sample, and ∆Н is the amplitude of the vertical 
displacement of the rock massif.

A more detailed description of the metho-
dology and an assessment of the methods for 
determining paleotemperatures by the Vasso- 
evich coalification scale [Vassoevich, 1986] are 
given in [Ivanova, Gavryltsev, 2021].

We used VRI data for 2300 samples from 
over 600 wells in the DDD and Northwestern 
Donbas [Ivanova, 2012]. To obtain the paleo-
geothermal parameters of the Southwestern 
Donbas, we applied the data given by [Leven-
stein et al., 1991; Privalov, 2004].

Fig. 1 shows the study area. The same fac- 
tual material is used to reconstruct paleotem-
peratures as to draw maps of paleogeothermal 
gradients and amplitudes of vertical displace-
ment of tectonic and salt dome structures re-
constructing paleogeothermal and paleotec-
tonic situations of the Don-Dnieper Paleozoic 
trough [Ivanova, Gavryltsev, 2021]

This paper presents a map of the modeled 
paleotemperature conditions of Upper Paleo-
zoic sediments 3 km deep (Fig. 2) as there are 
data on the modern measured and calculated 
temperatures for this depth. Measurements of 
the modern temperatures in wells, determina-
tion of heat flow and calculated temperatures 
in the DDD and Donbas are described and sum- 
marized in the publications by V.V. Gordienko, 
I.V. Gordienko, O.V. Zavgorodnyaya, R.I. Ku-
tas and others [Gordienko et al. , 2002, 2004; 
Rudenko, 2007, etc.]. Comparison of paleo- and 
modern indicators makes it possible to trace 
the evolution of the thermal field of the studi-
ed region

Temperature distribution in sedimenta-
ry cover rocks. Results and discussion. The 
distribution of temperatures in the Еarth’s crust 
depends on the magnitude of heat flux, which 
is closely related to the geodynamic situation 
of the subsoil, which determines in turn the in- 
tensity and nature of heat sources’ distributi-
on, geological development, and tectonic fea- 
tures of the region, as well as accompanying di- 
storting effects (convective heat and mass tran- 
sfer; endothermic and exothermic reactions; in- 
homogeneities associated with different ther-
mophysical properties of the rocks; energy ef- 
fects in the event of tectonic disturbances, in- 
trusions, etc.) [Smirnov, 1968; Kutas, 1978; Gor- 
dienko et al., 2002; Usenko, 2002; Leonov, 2013 
and others].

It is obvious that the configuration of the pa-
leotemperature field naturally repeats the fi- 
eld distribution of paleogeothermal gradients 
since the same factors are responsible for this 
distribution [Ivanova, Gavryltsev, 2021, Fig. 5]. 
A significant increase in paleotemperatures is 
observed within the Chernihiv segment, in the 
south-eastern marginal part of the DDD, and in 
the Donbas segment. The region of minimum 
paleogeothermal indicators is located in the 
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central part of the DDD northeast of Poltava.
As shown in [Ivanova, Gavryltsev, 2021, Fig. 

6], thermal parameters are in direct correlati-
on with the intensity of the gravitational field 
caused by the density inhomogeneities of  Ea-
rth’s crust and upper mantle. Paleogeothermal 
parameters are also associated with the mani- 
festations of Late Devonian volcanism (Cherni-
hiv segment) and the geodynamics of deep fa- 
ults.

Fig. 3 shows the map of paleotemperatures 
with added isotherms of the measured and cal- 
culated modern temperatures at a similar depth 
[Gordienko et al., 2004; Rudenko, 2007]. A di- 
rect comparison of the paleo- and modern da-
ta in the trough area indicates the following.

The Chernihiv segment has paleotempe-
ratures from 95—100 to 110—120 °С, modern 
measured and calculated temperatures range 
from 70 (southern edge zone) to 80—85 °С.

Paleotemperatures of this segment are no-
ticeably higher. This can be explained by the 
consequences of the Late Devonian volcanism 
[Ivanova, Gavryltsev, 2021, Fig. 6], which led to 
a temporary (for 50—100 Ma) energy accumu-
lation and temperature increase in the accumu- 
lating weakly lithified Carboniferous formati-
ons by the mechanism described by A.A. Smy- 
slov [Smyslov, 1993] as a non-stationary regime 
of upper crustal heating. This regime could ha- 
ve persisted and influenced the increase in the 
degree of maturity of the organic matter of the 

Fig. 1. Map of the vitrinite thermometry data and tectonic zoning scheme of the Don-Dnieper trough within 
Ukraine: 1 — trough boundary; 2 — boundaries of the transverse division of DDD; 3 — boundaries of the 
central DDD rift; 4 — wells with VRI data. Letters in circles — the main structural and tectonic segments: 
Ch — Chernihiv, Lk — Lokhvytsia, Iz — Izium, Db — Donbas [Starostenko et al., 2017a].

Fig. 2. Map of paleotemperatures at a depth of 3 km.
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Carboniferous deposits during the Carbonife-
rous period and the Early Permian. As noted by 
R.I. Kutas [Kutas, 1978, p. 28], at present no in- 
crease in the intensity of the thermal field is ob- 
served in the zones of Paleozoic volcanism.

It should be noted that in the Chernihiv 
segment (the depth of the asthenosphere ba- 
se up to 280 km) the highest intensity of the ob- 
served gravitational field is noted within the 
studied territory, reaching +(80—90) mGal [Kup-
rienko et al., 2010, Starostenko et al., 2017a, b]. 
It can be assumed that the high values of the 
gravitational field of the segment are a conse-
quence of Devonian volcanism, with which is 
associated the saturation of the Еarth’s crust 
with dense volcanic formations.

As noted in [Gordienko et al., 2002], in the 
absence of significant negative anomalies, the 
positive anomalies of the modern heat flow  
in this area are local and are associated main-
ly with the upward movement of deep waters 
along the faults.

The Lokhvytsia segment is characterized
by paleotemperatures from 70 to  100 °C. Mo-
dern temperatures, both measured and calcu-
lated, do not exceed 70—85 °C. In contrast to
the modern picture, paleotemperatures are sli- 
ghtly higher in the eastern part of the segment. 
As shown in [Ivanova, Gavryltsev, 2021, Fig. 6], 
on this territory, against the background of po- 
sitive values of the gravitational field, there is 
a node of the intersection of longitudinal and 
transverse fault zones with a lithospheric line-

ament. Apparently, in the Late Paleozoic, this 
zone was in the stage of activation, which af-
fected the increase in paleotemperatures by 
10—15 °C compared to modern ones.

According to [Gordienko et al. , 2002], the 
modern thermal field of the territory under con- 
sideration, as well as that of the Chernihiv seg- 
ment, is characterized by the absence of reli- 
able negative anomalies. Small in area positi-
ve anomalies are associated with fault distur-
bances.

In the Izium segment, paleotemperatures 
vary from 60—80 °C in the north of the seg-
ment to 130—140 °C in the southeastern mar-
ginal zone. Modern temperatures range from 
70—80 in most of the segment to 100—120 °C
in its southeastern part (according to the cal-
culated data [Gordienko et al., 2004; Rudenko, 
2007]).

The northern half of the Izium segment, 
with the lowest (up to — 40 mGal) [Kuprienko 
et al., 2010] intensity of the gravity field and the 
paleogeothermal gradients [Ivanova, Gavrylt-
sev, 2021, Fig. 5, 6], is also characterized by low 
paleotemperatures. Paleotemperatures here 
were 60—70 °C, modern — 70—80 °C.

It should be noted that this territory is dis-
tinguished by the widest development of the 
Lower Permian chemogenic deposits [Arsiry 
et al., 1984]. Assuming that the maximum he- 
ating of the Carboniferous deposits of the gra- 
ben ended before the pre-Late Permian [Gre-
chishnikov, 1987], the distribution of the Lo- 

Fig. 3. Map of paleotemperatures with the isotherms of modern temperatures applied to it: blue — 
measured, pink — calculated [Gordienko et al., 2004], orange — calculated [Rudenko, 2007] (for other 
markings, see Fig. 1).
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wer Permian chemogenic deposits could influ- 
ence the values of paleogeothermal parame-
ters. Since halogen formations have high ther- 
mal conductivity, they, according to the au- 
thors, can be considered as a kind of geother-
mal heat exchanger that removes heat from 
the pre-salt rock mass and reduces its thermal 
parameters.

Gordienko et al. [2002], considering the oc- 
currence of positive thermal anomalies in the 
post-salt rock complex using the example of 
the Caspian depression, explain this phenome- 
non by anomalously high formation pressures 
exceeding the hydrostatic pressure 1.5 times in 
the pre-salt stratum, while being close to hyd- 
rostatic pressure in the post-salt one. As a re- 
sult, elisional (or magmatogenic?) waters are 
filtered upward for a long time through a salt- 
bearing complex of very low permeability, le-
ading to the appearance of a thermal anomaly 
in post-salt deposits. According to the measu-
rement data of the heat flow in the pre- and 
post-salt rock complexes, the correction can 
reach 20 %.

R.M. Novosiletsky [Arsiry et al. ,1984] ex-
plains the decrease in thermal parameters in 
the pre-salt strata by the fact that chemogenic 
deposits, which are the main aquiclude in the 
region, deflect ascending flows of hot fluids in 
the direction of evaporite wedging out.

The increase in paleothermal parameters in 
the southeastern part of the Izium segment can 
be associated with the geodynamics of deep 
faults, which create a node at the intersection 
of longitudinal and transverse faults with a re-
gional fault that limits the DDD. A comparison 
of paleo- and modern temperatures indicate 
the higher activity of this fault zone during the 
period of the Hercynian tectogenesis. Being the 
paths of the upward movement of heated deep 
fluids, the zones of tectonic disturbances ca-
used the appearance of positive thermal ano- 
malies during their activation.

In the Donbas segment, according to a ve-
ry limited amount of data, paleotemperatures 
vary from 80 to 100—125 °C. Maximum tem-
peratures are observed in the fault zone of the 
southwestern part of the segment and east of 
the Bakhmut-Donetsk meridian. Modern mea- 
sured temperatures vary from 80 to 100 °C [Gor-

dienko et al., 2004; Rudenko, 2007]. Accord-
ing to the calculated data in the segment, the 
temperature from 80 to 100 °C prevails with 
anomalies of 100—120 °C in the Donetsk-Ma-
kiyivka region, up to 120 °C and more in the 
southwestern part of the segment and within 
the Main and Druzhkivka-Kostyantynivka an- 
ticlines [Gordienko et al., 2004].

The limited amount of VRI data does not 
allow one to detect local anomalies. But in ge- 
neral, the paleotemperature indicators of the 
Donetsk segment are commensurate with mo- 
dern ones.

The higher paleo- and modern temperatu-
re indicators of the Donbas compared to tho-
se of the Lokhvytsia and Izium segments may 
be the result of thinning of the lithosphere wi- 
thin the Donetsk segment (from 120—200 km 
within the Lokhvytsia and Izium segments to 
80—120 km in the Donbas [Starostenko et al., 
2017a, b]).

According to V.V. Gordienko et al. [Gordi-
enko et al., 2002, 2006, 2014a, b, 2015a, b etc.], 
 the variations in modern temperature in the 
DDD and Donbas at a depth of 3 km are mainly 
due to the variability of the thermal field. Lo- 
cal anomalies are usually associated with fault 
zones, which is especially clearly manifested  
in the southwestern part of the Donbas. Positi-
ve anomalies of the heat flow are observed du-
ring the activation of deep processes, accom- 
panied by the upward movement of deep wa-
ters. Negative ones are associated with deep 
faults, characterized by the downward move-
ment of infiltrating cold waters.

As before [Ivanova, Gavryltsev, 2021], when 
constructing a paleotemperatures map VRI da- 
ta from nearby wells, that fit into the general 
paleogeothermal model, were combined and 
supplemented with each other. The calculated 
data array obtained for the construction of the 
map should be considered as an integral stable 
solution that reflects the regional distribution 
features of the studied parameters.

The work was carried out using the struc-
tural-tectonic map of the Dnieper-Donets de- 
pression [Structural-tectonic ..., 1996] and the 
tectonic map of Ukraine and Moldova [Tek-
tonic ... , 1988]. The electronic resource “The 
State Geological Map of Ukraine (Derzhge-
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Палеотемпературні реконструкції за даними вітринітової 
термометрії (на прикладі верхньопалеозойських відкладів
Дніпровсько-Донецької западини та прилеглих окраїн 

Донбасу)

А.В. Іванова, В.Б. Гаврильцев, 2022

Інститут геологічних наук НАН України, Київ, Україна

Стаття присвячена палеотемпературним реконструкціям за результатами оброб-
ки масиву даних показників відбиття вітриніту вугільної органіки верхньопалеозой-
ських відкладів Доно-Дніпровського прогину (у межах Дніпровсько-Донецької запа- 
дини та прилеглих частин Донбасу). Вона є продовженням і завершенням раніше опуб- 
лікованої роботи з реконструкції палеогеотермічного режиму шляхом встановлення 
палеогеотермічних градієнтів і амплітуд вертикальних переміщень породних масивів. 
Встановлено, що палеогеотермічні показники пов'язані з геодинамічною обстанов-
кою надр, яка визначає інтенсивність та характер розподілу джерел тепла, геологіч-
ний розвиток та особливості тектонічної будови регіону. За результатами виконаної 
роботи побудовано карту розподілу палеотемператур на глибині 3 км. Аналіз змін та 
закономірностей розподілу палеотемператур дає можливість виявити роль у термаль-
ній історії досліджуваного регіону вулканізму, геодинаміки глибинних розломів, пара- 
метрів літосфери, а також оцінити еволюцію його теплового поля. Представлену кар-
ту, поряд з раніше опублікованими картами розподілу палеогеотермічних градієнтів 
та амплітуд вертикальних переміщень породних масивів, слід розглядати як універ-
сальний довідковий матеріал, що може бути використаний з метою демонстрації 
особливостей і закономірностей регіонального розподілу зазначених параметрів, а 
також стати важливим інструментом у дослідженні тектонічної та термальної історії 
розвитку регіону.

Ключові слова: Доно-Дніпровський прогин, вітринітова термометрія, палеотем-
пература, вугілля, гравітаційне поле, вулканізм, глибинні розломи, потужність літо-
сфери.


