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ABSTRACT 

Introduction. Deep regional faults serves as primary pathways for fluid mass migration in the Dnipro-Donetsk aulacogen, par-

ticularly affecting fold faults and anticline structures. The interaction between heated fluid migration and structural development is 

evident in the Svyatohirsk brachyanticline structure and the Petrivsko-Kreminsky deep fault, where numerous geochemical and 

thermohydrodynamic inversions demonstrate their systematic influence on adjacent structures. 

Problem definition. This study examines how the Petrivsko-Kreminsky deep fault and its secondary fractures impact hydroge-

ochemical and thermohydrogeodynamic processes in the Svyatohirsko-Kamyanska deposit area. The periodic tectonic activation of 

crustal-mantle centers intensifies heat and mass transfer in fluid flows, particularly in unloading zones along deep faults, where rapid 

and impulsive migration of heated fluid masses occurs, transporting rock particles and charged ions from underlying strata and the 

basement. 

Purpose of the article. The research aims to analyze the impact of the Petrivsko-Kreminsky regional deep fault on the 

Svyatohirsk brachyanticline structure and its associated geological processes, focusing on the mechanisms of fluid migration and 

their influence on rock formations. 

Analysis of recent research. Previous studies have documented significant thermohydrodynamic anomalies in Upper Creta-

ceous sediments, with temperatures ranging from 23°C to 27°C compared to background temperatures of 10°C to 12°C.  

Tectonical configuration. The Svyatohirsk brachyanticline, formed during the Palatinate phase of Hercynian tectogenesis, 

contains numerous discontinuous faults attached to the Petrivsko-Kreminsky deep fault. Modern tectonic movements are reflected in 

varying uplift rates: 1.4-2.9 mm/year for the hanging wing and 5.2-11.1 mm/year for the lying wing, creating visible relief differences. 

Deep fault impact on fluid migration. These fault structures facilitate vertical fluid and heat flow migration from deeper crus-

tal and mantle layers. This results in localization of hydrogeochemical inversions, evidenced by groundwater enrichment with endog-

enous elements (helium, radon, argon, CO2). The isotopic composition (δ13C: 5-8‰) indicates thermometamorphic origin and deep 

degassing processes from the mantle. The activity of deep faults has impacted the lithological composition, increasing reservoir rock 

density through pyritization, ferruginousness, secondary quartz, and carbonation processes. 

Geological model and practical significance. Deep-seated fractures act as conduits for heated fluid migration, disrupting nat-

ural thermal gradients and causing thermohydrogeodynamic inversions. These processes contribute to secondary mineralization and 

cementation of fracture networks within reservoir rocks, significantly influencing the region's lithological characteristics. The model 

reveals that during both current and future tectonic activations, this process will continue intermittently, though with progressively 

less impact on the cement substance, while leading to accumulation of endogenous gas. The correlation between inversions and 

tectonic structures offers significant potential for identifying geological features and predicting hydrocarbon accumulations, particu-

larly in areas where deep fault zones intersect with anticline structures. 

Keywords: Svyatohirsk brachyanticline, Petrivsko-Kremisnky deep fault, fluid migration, heated fluid flows, thermos- and 

mass- migration. 
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Introduction. Deep regional faults are the pri-

mary pathways for the migration of fluid masses. 

The Dnipro-Donetsk aulacogen is characterized by 

the co-sedimentary development of various geologi-

cal structures, including anticlines, monoclines, and 

faulting, with notable disjunctive apophyses of deep 

faults. Throughout its entire history of formation 

and development, deep faults have exerted a contin-

uous and systematic influence on adjacent struc-

tures. This impact is particularly pronounced in fold 

faults, especially anticline structures, which signifi-

cantly contribute to the accumulation of transported 

fluid flows [1]. 

The interaction between the migration of heat-

ed fluid masses and the further development of 

structures, both lithologic-facies and geodynamic, is 

clearly evident in the case of the Svyatohirsk 

brachyanticline structure and the Petrivsko-

Kreminsky fault. This interaction is substantiated by 

the presence of numerous manifestations of geo-

chemical and thermohydrodynamic inversions with-

in the brachyanticline. 

Thus, comprehending the continuous and sys-

temic interaction between deep faults and anticline 

structures is a crucial element in modeling the litho-

logic and structural features of the region. A thor-

ough correlation analysis is necessary for the accu-

rate prediction of the fluid dynamic parameters of 

rocks and structures that are influenced by regional 

deep faults. 

Problem definition. Previous studies have in-

dicated that the location of the Svyatohirsk structure 
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on the anticline is a fundamental factor in the for-

mation of the features and composition of Lower 

Permian and Carboniferous sediments [1]. However, 

the author argues that the periodic tectonic activa-

tion of crustal-mantle centers, associated with the 

Svyatohirsk brachyanticline structure and its adja-

cent areas, amplifies the ongoing processes of heat 

and mass transfer in fluid flows. These processes are 

particularly intensified in the unloading zones 

formed along deep faults, which facilitate the rapid 

and impulsive migration of heated fluid masses. 

These fluids transport rock particles from underly-

ing strata and the basement, along with charged 

ions, in the form of heat. This mechanism is central 

to establishing a plausible model of the Svyatohirsk 

structure [5]. 

Purpose of the article. The purpose of this ar-

ticle is to examine the impact of the Petrivsko-

Kreminsky regional deep fault on the Svyatohirsk 

brachyanticline. 

Analysis of recent research. The presence of 

regional deep faults and their impact on other intra-

aulacogenic structures has been substantiated in the 

scientific publications of V. Suyarko, O. Bartash-

chuk, and V. Gavrysh. V. Sukhov conducted direct 

practical research on the Svyatohirsk brachyanti-

cline, during which he identified thermohydrody-

namic anomalies in the Upper Cretaceous sediments 

(K2) [5]. 

Tectonical configuration. The Svyatohirsk 

brachyanticline is an integral component of the 

Dnipro-Donetsk paleorift, situated in its southeast-

ern part, and represents a Paleozoic fold formed 

through consedimentary development. This structure 

was created during the Palatinate phase of Hercyni-

an tectogenesis and subsequently underwent several 

stages of evolution during sedimentation in the 

Paleozoic, Mesozoic, and Cenozoic eras [9]. 

In relation to the Paleozoic sediments, the 

Svyatohirsk brachyanticline structure is convention-

ally located within the Pivnichno-Volvenkivsko-

Torsko-Drobyshivske anticline, which contributed to 

the formation of the Kamyanska, Spivakivska, 

Torsko-Drobyshivska, Pivnichno-Volvenkivska, and 

Svyatohirsk anticlines. The anticline is bordered to 

the north by the Bilohirsko-Kamyanskyi trough and 

to the south by the Komyshuvachsko-Lymanska 

syncline. 

Seismic surveys conducted by JSC Ukr-

gasvydobuvannya have identified numerous discon-

tinuous faults, likely to be disjunct apophyses of the 

Petrivsko-Kreminsky deep fault [5]. These findings 

are complemented by the author’s research, which 

mapped the presence of discontinuous deep faults 

within the Kamyanska brachyantic fault, part of the 

Svyatohirsk region (Fig. 1). 

Correlation of the lineaments and deep 

faults. It is well-established that riverbeds are often 

aligned along fracture zones in the Earth's crust, 

which are the result of deep faults originating from 

the mantle. In the study area, two major rivers – the 

Syverskyi Donets and the Oskil – are present, with

 

 
Fig. 1. Structural map of the Svyatohirsk Brachyanticline  

(based on UkrNDIGas materials (year 2019) with additions by the author (year 2021)) 
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the former being a tributary of the latter. This sug-

gests that the riverbeds coincide with a point where 

two multidirectional fault zones intersect, corre-

sponding to the courses of these rivers (Fig. 2) [3]. 

According to the classification of deep faults in 

the Dnipro-Donetsk aulacogen, the Petrivsko-

Kreminsky fault is categorized as a deep fault (as 

per V. Suyarko [7]) and plays a crucial role in con-

trolling upward fluid flows and geodynamic stress-

es, including those affecting the Svyatohirsk 

brachyanticline. The existence of this fault is cor-

roborated by the spatial orientation of cracks, which 

are perpendicular to the directions of geodynamic 

stresses that have occurred during various stages of 

tectonic activation of the structure. 

Modern tectonic movements are reflected in the 

varying rates of uplift of the wings of the brachyan-

ticline: the hanging wing rises at a rate of 1.4–2.9 

mm/year, while the lying wing rises at a rate of 5.2–

11.1 mm/year, a difference that is clearly visible in 

the relief of the region [5]. Earlier studies suggested 

that the location of the Svyatohirsk structure on the 

anticline was the main factor influencing the for-

mation of the features and composition of Lower 

Permian and coal deposits. However, the authors 

propose that the periodic tectonic activation of crus-

tal-mantle centers near the Svyatohirsk brachyanti-

cline promotes the heat and mass transfer of fluid 

flows in the unloading zones created by deep faults. 

These faults facilitate the impulsive migration of 

heated fluid masses, which transport rock particles 

from underlying strata and the basement, as well as 

energetically charged ions in the form of heat [4, 5]. 

Geochemical and thermohydrogeodynamic in-

versions are the result of deep fault activity, which 

saturates aquifers with endogenous fluids and heat 

flows. Water from shallow wells within the 

Svyatohirsk brachyanticline demonstrates hydroge-

odynamic inversion, characterized by increased 

concentrations of chlorides and trace elements of 

deep origin (such as mercury, helium, argon, iodine, 

bromine, etc.), as well as significant pressure in the 

hydrogeothermal field. 

The activity of deep faults has also impacted 

the lithological composition of the region, increas-

ing the density of reservoir rocks, particularly sand-

stones. This is evidenced by the composition of their 

cement mass, which includes pyritization, ferrugi-

nousness, secondary quartz, and carbonation. 

The deep fault impact for a fluid migration. 

The influence of the Petrivsko-Kreminsky fault and 

its numerous disjuncts results in a hydraulic connec-

tion between all aquifer complexes, facilitated by 

the vertical discharge of fluids along the faults. Tec-

tonogenic fractures act as conduits for the migration 

of fluid masses, which are accelerated by the mantle 

heat flow, thereby activating convection processes 

within the aquifers. This process is accompanied by 

dehydration and secondary mineralization of ce-

ment, leading to the observed hydrogeochemical 

inversion in the Svyatohirsk area [8]. 

Research conducted by V. Suyarko and V. Sukh- 

 

 
Fig. 2. Schematic diagram of the location of tectonic fault zones and their correlation  

with linearities on satellite images (made by Anton Pyvovarov, 2024) 
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khov identified thermohydrodynamic anomalies in 

Cretaceous and Jurassic rocks, with temperatures 

ranging from 23–27°C compared to a background 

temperature of 10–12°C. These findings confirm the 

high activity of the hydrogeothermal field [5]. Such 

anomalies accelerate catagenetic and metagenetic 

changes in rocks and promote the secondary cemen-

tation of fractures formed during the tectonic activa-

tion of the Laramide phase. 

Geological model. Metamorphogenic fluids 

migrating along unloading zones create hypogenic 

anomalies in the overlying aquifer complexes, as 

evidenced by the presence of helium, radon, argon, 

and CO2 in groundwater [5]. A distinctive feature of 

hydrogeothermal processes is the saturation of frac-

tures with carbonate-clay cement, which results 

from the reaction between underlying carbonate 

rocks and mantle-derived CO2. 
 

 
Fig. 3. Schematic map of the localization of endogenous components in the ascending fluid flows  

of the Svyatohirsk brachyanticline (by Anton Pyvovarov, 2024) 
 

The concentration of CO2 increases with depth, 

indicating its endogenous origin, which is character-

istic of fluids of thermal genesis, such as metamor-

phic, hydrothermal, volcanic, and catagenetic fluids. 

Its isotopic composition (δ13C: 5-8‰) is consistent 

with methane carbon (CH4), confirming mantle de-

gassing and thermometamorphic genesis [4, 9]. 

The dissolution of endogenous components and 

their localization in depressional zones signals in-

terval-impulsive tectonic activation and provides 

evidence for the deep origin of certain hydrocarbons 

within the Svyatohirsk brachyanticline (Fig. 3). The 

presence of reservoir rocks and dense fluid reser-

voirs has facilitated the accumulation of migrated 

fluids. 

Considering the numerical predominance of 

disjunctive structures and the significant influence 

of the Petrivsko-Kreminsky fault, the hydraulic in-

terconnectivity of all aquifer complexes has been 

established. This connectivity arises from vertical 

unloading along fault zones, facilitating the migra-

tion of fluid masses through fractures of tectonic 

origin. These migrations are intensified by mantle-

derived heat flows, which trigger conventional geo-

chemical processes upon entering overlying aqui-

fers. Such processes are characterized by dehydra-

tion and the secondary redistribution of minerals 

into the cement matrix. Consequently, hydrogeo-

chemical inversion of groundwater is observed in 

the regions of the Svyatohirsk and Kamyanska 

brachyanticlines [15]. 

The hydrogeochemical inversion induced by 

the migration of mantle-derived heated fluids facili-

tated secondary alterations in the lithological com-

position of the Carboniferous reservoir cement ma-

trix. This is particularly evidenced by the presence 

of carbonate cement with a high concentration of 

carbon dioxide (CO2) enriched in heavy carbon iso-

topes (δ13C). This geochemical inversion also trig-

gered substantial secondary cementation of tectonic 

fractures formed during the Palatinate tectogenesis. 

Supporting this, the uneven distribution of porosity 

and fracture zones along the Petrivsko-Kreminsky 

fault highlights the role of these processes. Moreo-

ver, the territory of brachyanticlines exhibits scat-

tered, irregular, and anomalous porosity localization, 

underscoring the influence of ascending flows of 

heated hydrothermal fluids. These processes ulti-

mately resulted in the occlusion and dense cementa-

tion of fractures with carbonate and pyritized-iron 

cement. 

The interdependence between tectonic activa-

tion and fluid migration, followed by temporary 

fluid localization, is a key factor influencing the gas 

content of the Svyatohirsk brachyanticline. The 

upward movement of thermal masses, transporting 

heated fluids enriched with endogenous components 

from deeper strata, reacts with the formations they 

pass through (primarily due to temperature) and 

accumulates in the reservoir formations. During 

periods of relative dormancy, these fluid masses 

interact with the surrounding rocks, becoming inte-

grated into the hydrogeochemical and geodynamic 

systems of the region [29, 30, 34]. 

Secondary reactions can affect the temperature 

regime of the reservoir. The temperature difference 
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between the lower and upper parts of the formation 

leads to convective fluid movements within the res-

ervoir. Additionally, excessive subcapillary pressure 

is generated, pushing the fluid to the point of maxi-

mum resistance. If the reservoir is isolated, these 

processes create zones of abnormal reservoir pres-

sure (ARP), which are common in the Svyatohirsk 

brachyanticline. If the reservoir is not isolated, hy-

draulic forces induce vertical and, when ARP is 

released, laminar-vertical fluid flows (including oil 

and gas) from lower to upper aquifer complexes. 

These flows form hydrogeochemical anomalies and 

accumulate in the next reservoir [16]. 

During both current and future tectonic activa-

tions, this process will continue intermittently, 

though with progressively less impact on the cement 

substance (due to the prior erosion of "rapid migra-

tion" channels in unloading zones), while leading to 

an accumulation of endogenous gas. Traps that have 

already accumulated gas will undergo further inter-

mittent, short-term degassing due to the temporary 

depressurization of the existing fluid traps (Fig. 4). 

 

 
Fig. 4. Schematic model of hydrocarbon accumulation formation within the Sviatohirsk brachyanticline  

(by Anton Pyvovarov, 2024) 

 

The practical significance. The geological 

model and methodology for correlating inversions 

with tectonic structures offer significant potential 

for identifying geological features and processes 

within the Earth's crust. By analyzing and correlat-

ing various types of inversions, this approach aids in 

the identification and prediction of hydrocarbon 

accumulations. 

The geodynamic activation of regional deep 

fault zones is intrinsically linked to centers of heat 

and mass transfer within the mantle-crustal inter-

face. These processes are driven by degassing phe-

nomena and thermal activity originating from crus-

tal-mantle centers. Such activation induces signifi-

cant anomalies in geological and hydrogeochemical 

systems, fostering the development of localized 

hydrocarbon accumulation zones within anticline 

structures. Furthermore, these processes facilitate 

the lithological and petrographic evolution of such 

zones, characterized by enrichment with hydrother-

mal solutions that alter the mineralogical and struc-

tural composition of the host rocks [17]. 

A schematic map (Fig. 5) has been developed 

to delineate the predicted areas for further explora-

tion and prospecting activities. This map incorpo-

rates the following key factors: 

▪ The location of hydrogeological complexes 

relative to deep fault zones; 

▪ Indicators of fracture and pore space within 

productive horizons; 

▪ Enrichment of aquifer fluids with endoge-

nous components; 

▪ Geochemical types of aquifer complexes; 

▪ Thermohydrodynamic parameters in rela-

tion to the zones of disjunctive faults; 

▪ Correlation between hydrogeochemical and 

thermohydrodynamic inversions; 

▪ Lithological and petrographic composition 

of reservoir rocks, with particular focus on 

the filling of fracture and pore spaces with 

regenerative and clay-carbonate cement. 

Conclusions. The research has demonstrated 

that the fluid dynamic interaction between the 

brachyanticline structure and the deep fault, along 

with its apophyses in the form of secondary dis-

juncts, results in geochemical and thermohydrogeo-

dynamic inversions. These inversions are driven by 

heat flows and mantle degassing, which facilitate 

the interaction between oscillatory and folding 

movements and fluid migration along depressional 

zones. Deep faults play a critical role in transporting 

upward heated fluid masses, leading to hydrogeoche- 
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Fig. 5. Schematic map of the projected areas for further exploration and prospecting  

within the Svyatohirsk brachyanticline (by Anton Pyvovarov, 2024) 

 

chemical anomalies. The heating and disruption of 

the natural thermal gradient generate thermohydro-

geodynamic inversions. The unique lithological 

composition of the reservoir rocks is characterized 

by significant cementation of tectonogenic fractures, 

likely originating during the Palatinate phase of 

Hercynian tectogenesis, with secondary cementation 

occurring due to the influence of powerful or local-

ized tectonic activations. 

The interplay of hydrogeochemical and ther-

modynamic inversions has also contributed to litho-

logical transformations, notably the secondary ce-

mentation of tectonogenic fractures. These fractures, 

formed during and after the Palatinate phase of tec-

tonic activation, were progressively sealed by mi-

grating fluid masses. Changes in thermobaric condi-

tions during the post-Laramie tectonic phase further 

exacerbated this process, resulting in a pronounced 

decline in porosity and permeability. Hydrothermal 

anomalies are evident along the entire extent of the 

Petrivsko-Kreminskyi deep fault zone. The enrich-

ment of aquifer complexes with endogenous com-

ponents–such as the heavy isotope 13C, mercury, 

bromine, and iodine–may serve as indicators of 

abiogenic hydrocarbon presence. Furthermore, the 

interval saturation of hydrocarbons is attributed to 

mantle degassing, which occurs due to the unblock-

ing of migration pathways and the establishment of 

mantle-crustal heat and mass transfer centers. 

A comprehensive understanding of the model's 

principles, mechanisms, and specific features gov-

erning hydrocarbon accumulation within the 

Svyatohirsk brachyanticline is essential for advanc-

ing research on hydrocarbon genesis. This 

knowledge is critical for predicting potential hydro-

carbon-bearing structures not only within the 

Dnipro-Donetsk Basin but also in other geological 

contexts worldwide. 

Refinement and detailed parameterization of 

the current model can enhance its applicability to 

diverse geological formations. This could also sub-

stantiate the existence of abiogenic hydrocarbons 

within geological structures influenced by deep fault 

zones, frequently observed as lineaments. Such find-

ings could significantly impact hydrocarbon explo-

ration strategies and expand theoretical frameworks 

for understanding hydrocarbon origins. 
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Вплив Петрівсько-Кремінського глибинного розлому на міграцію флюїдів 

в породах Святогірської брахіантикліналі 
 

Антон Пивоваров 

Магістр геології нафти і газу (Науки про Землю),  

Харківський національний університет імені В.Н. Каразіна, Харків, Україна 

 

Досліджено вплив Петрівсько-Кремінського глибинного розлому та його апофіз на формування системи гі-

дрогеохімічних і термогідрогеодинамічних процесів у межах Святогірської брахіантикліналі (Кам’янська пло-

ща) Дніпровсько-Донецького авлакогену. Розломні розривні структури визначені як ключові канали вертикаль-

ної міграції флюїдів і теплових потоків з глибинних шарів земної кори та мантії. Ця динамічна система призво-

дить до формування зон, що характеризуються вираженими гідрогеохімічними інверсіями, про що свідчить 

значне збагачення підземних вод ендогенними компонентами, зокрема гелієм, радоном, аргоном і вуглекислим 

газом (CO2). У досліджуваних водоносних горизонтах зафіксовано термогідродинамічні аномалії з підвищеними 

температурами в діапазоні від 23°C до 27°C (при фонових 10°C до 12°C). Такі аномалії стимулюють розвиток 

конвективних процесів, що своєю чергою пришвидшують катагенетичні та метагенетичні перетворення всього 

розрізу порід. Ці процеси зумовлюють вторинні літологічні зміни, які проявляються у вигляді цементації умов-

ного порово-тріщинного простору в породах-колекторах, зокрема через перевідкладення карбонатної маси, 

перенесеної внаслідок взаємодії з агресивним СО2 із нижчезалягаючих горизонтів. Зони розвантаження, пред-

ставлені порово-тріщинуватим простором уздовж зони глибинного розлому та його апофіз, виконують роль 

каналів для висхідної міграції розігрітих флюїдальних мас. Це порушує тривіальний тепловий градієнт і сприяє 

активізації інтернально-пластових процесів. Крім того, засвідчено, що аномалії вмісту важкого ізотопу вуглецю 

(δ13C) у підземних водоносних комплексах свідчать про термально-метаморфічне походження та процеси дега-

зації, що підтверджує ендогенний характер флюїдальних мас. Подібний характер флюїдів чітко простежується 

вздовж зони глибинного розлому та його диз’юнктивних апофізів. Комбінація термогідрогеодинамічних та гід-

рогеохімічних інверсій мають сигніфікативний вплив на процеси катагенезу та метагенезу, що простежується у 

літолого-фаціальному складі пізньокарбонових пісковиків (С3). Кореляція різного роду інверсій та їх системати-

зація і прив’язка до глибинних розломів і диз’юнктивних тектонічних порушень має важливе значення для ро-

зуміння механізмів взаємодії тектонічних структур з гідрогеологічними умовами та можуть бути використані в 

подальших геологічних дослідженнях і для оцінки ресурсної бази вже з урахуванням флюїдодинамічних пара-

метрів порід-колекторів, що мають систематичний вплив від глибинних розломів і проходять вздовж зони роз-

вантажень. 

Ключові слова: Святогірська брахіантикліналь, Петрівсько-Кремінський глибинний розлом, міграція флю-

їдів, потоки розігрітих флюїдальних мас, тепломасоперенесення. 
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