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Abstract. The paper summarizes the results of field tectonophysical studies of Sakhalin Island conducted by different 
researchers at different times. Information about the main characteristics of the stress-strained state of the upper part 
of the Earth’s crust (principal stress axes, stress state type, Lode–Nadai coefficient, bedding planes) was obtained as 
a result of computations using methods of cataclastic analysis of discontinuous displacements, structural-paragenetic, 
kinematic, conjugate pairs of faults. The input data for the calculations were the materials of field measurements of 
fracturing, slickensides and structural patterns. The results obtained in the present and previous works on Sakhalin field 
tectonophysical research are represented in summary tables that include data on local stress states for 264 observation 
points. The results are incorporated to GIS, the Isoline GIS software is used for the database management system.
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Резюме. База тектонофизических данных по о. Сахалин, создаваемая коллективом авторов из Института 
физики Земли им. О.Ю. Шмидта РАН и Института морской геологии и геофизики ДВО РАН, обобщает ре-
зультаты полевых исследований деформации горных пород и геологических тел на территории острова за 
период с 1973 по 2023 г. Сведения об основных характеристиках напряженно-деформированного состояния 
верхней части земной коры (оси главных напряжений, тип напряженного состояния, коэффициент Лоде–На-
даи, элементы залегания слоистости) получены в результате расчетов методами катакластического, струк-
турно-парагенетического и кинематического анализа, а также сопряженных пар сколов. Исходными данными 
для расчетов служили полевые замеры параметров тектонической трещиноватости, зеркал скольжений и дру-
гих структурных индикаторов деформаций. Результаты полевых тектонофизических исследований Сахалина, 
полученные разными исследователями в различное время, сведены в итоговые таблицы, которые включают 
данные о локальных стресс-состояниях для 264 точек наблюдения. Данные интегрированы с ГИС; в качестве 
системы управления базой данных используется программный комплекс Isoline GIS.
Ключевые слова: трещиноватость, зеркала скольжения, напряженно-деформированное состояние зем-
ной коры, оси главных напряжений, коэффициент Лоде–Надаи 
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Introduction

Tectonophysics is a relatively nascent sci-
ence, yet it possesses a robust methodological 
framework, both independently and in conjunc-
tion with techniques from other disciplines [1]. 
Currently, tectonophysical methods are actively 
employed to address problems in geodynamics, 
tectonics, structural geology, geomechanics, ex-
ploration and exploitation of mineral deposits. 
In an applied context, only these methods enable 
the reconstruction of the stress-strained state of 
the Earth’s crust, for example, at mineral depos-
its [2, 3]. In fundamental research, these methods 
assist, in particular, in refining the boundaries of 
tectonic plates [4].

On Sakhalin Island, tectonophysical meth-
ods were actively implemented in the coal indus-
try in the late 20th century to predict hazardous 
dynamic and gasodynamic phenomena (rock 
bursts, coal and gas blowouts). Such events oc-
curred at the Boshnyakovo and Lopatinskoe de-
posits in Sakhalin mines [2]. Subsequently, the 
method of cataclastic analysis of discontinuous 
displacements [5] was utilized to reconstruct the 
tectonic stresses of the island, incorporating data 
on earthquake focal mechanisms [6]. In recent 
years, field tectonophysical studies have been re-
sumed in the articles of L.A. Sim and colleagues 
[4, 7, 8], and continued by researchers from the 
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Schmidt Institute of Physics of the Earth of the 
Russian Academy of Sciences in collaboration 
with researchers from the Institute of Marine Ge-
ology and Geophysics of the Far Eastern Branch 
of the Russian Academy of Sciences (IMGG 
FEB RAS) [9, 10].

Field tectonophysical investigations on 
Sakhalin are conducted using GIS technologies. 
This has facilitated the creation of the Sakhalin 
Island Tectonophysical Database, registered with 
the Federal Service for Intellectual Property in 
2024 [11]. This database encompasses research 
results from 2020–2023. The objective of the 
present work is to systematize tectonophysical 
information obtained using field tectonophysical 
methods on Sakhalin Island from 1973 to 2023, 
for its introduction into scientific circulation with 
open access to all interested researchers. This in-
cludes documenting features indicative of past 
deformation, such as fracturing patterns and the 
orientation of slickensides, allowing for calcula-
tion of principal stress axes and determination of 
the Lode–Nadai coefficient to characterize the 
deformation regime.

Area and materials of study

The geological structure of Sakhalin Island 
predominantly comprises Cretaceous-Cenozo-
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ic sedimentary rocks with a minor proportion 
of volcanogenic formations [12, 13], with the 
exception of several formations in central and 
eastern Sakhalin. These exceptional forma-
tions consist of volcanogenic ultramafic and 
metamorphosed strata with a paleontologically 
validated age ranging from the Silurian to the 
Jurassic periods [14]. The relatively young age 
of the sedimentary rocks renders them highly 
susceptible to exogenic processes, manifesting 
as intense weathering. A significant part of the 
island is characterized by low-lying terrain lack-
ing bedrock exposures.

The study area encompasses the entirety of 
Sakhalin Island where infrastructure facilitates 
access to outcrop locations. Beyond challenges 
related to transportation infrastructure, field in-
vestigations encounter further difficulties. Dur-
ing winter, snow cover precludes field work. In 
the summer season, luxuriant vegetation compli-
cates both the detection of outcrops and access 
to them. Conducting marine traverses along the 
coastlines is hindered by severe weather condi-
tions, a limited navigation and field work season, 
the absence of access roads, the presence of a 
border zone, and other factors.

Consequently, as of today, the northern 
part of the Schmidt Peninsula, the majority of 
the North Sakhalin Plain, the eastern coast of 
the island from Lunsky Bay to the village of 
Pogranichnoye, the Tym-Poronaysk Lowland 
and Terpeniya Peninsula, and the eastern coast 
of Krillion Peninsula remain poorly studied or 
unstudied.

Our field investigations yielded reliable data 
on various types of geological stress/strain indi-
cators. Joints, without visible evidence of dis-
placement, is the most widely represented. Less 
frequently observed are joints with mineraliza-
tion in the form of crystals and druses, mineral 
crusts, as well as those lacking mineralization. 
Particular attention was paid to measurements of 
slickensides; tectonic stress reconstruction was 
primarily conducted based on these features, and 
accordingly, they constitute the foundation of the 

Map of the study area with the observation points.
Карта района исследования с нанесенными на нее 
точками наблюдения.
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kinematics, the method of cataclastic analysis 
[5] and the specifically developed STRESSgeol 
software [19], based on this method, were used. 
In addition, a modified algorithm of this method 
was also applied to process a series of measure-
ments [20].

Quantitative and qualitative characteristics 
of the reconstructed local stress states were de-
termined using the method of cataclastic analy-
sis. The main characteristics include the angular 
orientation of the principal stress axes, as well 
as the magnitudes of the stresses themselves, 
the type of stress state, and the Lode–Nadai co-
efficient. The basic principles of the method of 
cataclastic analysis are based on the concepts of 
quasi-plastic deformation of the geological me-
dium, as well as the tenets of plasticity theory 
under conditions of maximum dissipation of in-
ternal elastic energy for the calculated stress 
tensor. The STRESSgeol contains an automated 
algorithm for separating all data into homogene-
ous samples, which define the temporal phases of 
quasi-homogeneous deformation of the macro-
volume, ensuring the maximum value of the total 
dissipation energy with the minimum number of 
identified phases. This method allows for a thor-
ough examination of the stress-strained state of 
the Earth’s crust.

The structural-paragenetic method of analy-
sis of minor disjunctive structures by L.M. Ras-
tsvetaev is based on the concept of quasi-plastic 
deformation of the rock mass. This concept en-
sures the energetic efficiency of displacements 
along previously formed discontinuities in the 
rock mass [15]. The method involves the use of 
the main types of geological stress indicators that 
describe the overall spatiotemporal series of qua-
si-plastic deformation of the studied area of rock. 
Minor disjunctive structures (tectonic fracturing) 
form certain template structural patterns that are 
interconnected by spatiotemporal characteristics 
and can be considered as paragenetic associa-
tions, or structural parageneses. Field data were 
synthesized in the form of structural diagrams 
and then analyzed both as individual points and 

present work. In reconstructing stresses spatially 
associated with coal deposits in western Sakha-
lin, faults ranging from large-amplitude (dis-
placement exceeding 1000 m) to fractures (less 
than 10 cm) were utilized. However, large-ampli-
tude and medium-displacement (less than 10 m) 
faults, depicted on tectonic maps of areas with 
coal deposits, are most fully represented. These 
data were used for tectonophysical reconstruc-
tion, allowing for inference of the stress-strained 
state of the Earth’s crust.

In some observation points, the replacement 
of certain geological stress indicators by other 
disjunctive features was recorded. This allowed 
for the identification of the relative sequence of 
structural formation. 

Unfortunately, the scope of the present work 
precludes the detailed presentation of all avail-
able information. The majority of the research 
results have been published in our previous ar-
ticles [3, 4, 7–10], with the corresponding level 
of detail. Full-scale and detailed results for all 
study areas are planned for regular posting on a 
dedicated page of the website of the Institute of 
Marine Geology and Geophysics of the Far East-
ern Branch of the Russian Academy of Sciences.

As of today, the database of field tectono-
physical investigations includes information for 
264 observation points. An overview map, indi-
cating these points, is presented below.

Methodology

The data utilized in this study were primar-
ily obtained through the method of cataclastic 
analysis (MCA) of discontinuous displacements 
[5], as well as the structural-paragenetic method 
of analyzing minor disjunctive structures [15], 
O.I. Gushchenko’s kinematic method [16], and 
M.V. Gzovsky’s method of conjugate shear frac-
tures [17]. Furthermore, L.A. Sim’s method of 
generalizing – averaging – the stress field [18] 
was employed for the synthesis of field tectono-
physical data. For processing field measurements 
of slickensides with established displacement 
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in a group manner in accordance with their place 
in the tectonic structure of the study area.

O.I. Gushchenko’s kinematic method [16] is 
applied in processing field data on both the posi-
tion of rupture planes and the orientation of slick-
ensides. The method is based on the postulate of 
dislocation analysis, from which it follows that, 
with a known orientation of the principal stress 
axes, the direction of the displacement vector on 
the plane of an arbitrarily oriented fracture lies 
within the angle defined by the extreme values 
of the Lode–Nadai coefficient. The inverse prob-
lem of reconstructing the orientations of tectonic 
stresses that caused these displacements is solved 
based on the orientations of the displacement 
vectors on the ensemble of slickensides.

In M.V. Gzovsky’s method of conjugate 
shear fractures, pairs of shear fractures – isoch-
ronous fractures that formed in a homogeneous 
stress field are selected. The conjugacy of shear 
fractures in two directions is determined by their 
merging, mutual intersection, or opposite direc-
tions of displacement [17]. The line of intersec-
tion of these fractures coincides with the axis of 
intermediate principal stress, and the bisectors of 
adjacent angles coincide with the directions of 
the principal stress axes.

Research results

From 2016 to 2023, a team of researchers 
conducted several short-term and long-term ex-
peditions, including those for industrial purpos-
es. Most of the results from these field investi-
gations have been published [3, 4, 7–10]. Data 
systematization resulted in a summary of pa-
rameters characterizing the stress-strained state 
of the Earth’s crust (calculated from field meas-
urements) (see Tables 1 and 2 in the Appendix). 
Table 1 presents: the coordinates of observa-
tion points 1–212; the orientations of the prin-
cipal stress axes (σ1, minimum (extension), σ2, 
intermediate, and σ3, maximum (compression)), 
reconstructed using cataclastic analysis (MCA) 
based on structural-kinematic data from slicken-

sides and joints; the type (environment) of the 
stress state; the Lode–Nadai coefficient (μσ); bed-
ding planes; and the number of measurements at 
each point (total and those used for calculation in 
the STRESSgeol). Table 2 (from data in [4]) pre-
sents the available information on the principal 
stress axes. Data from [2, 3] reconstructing the 
principal stress axes using M.V. Gzovsky’s meth-
od of conjugate shear fractures are also included. 

Alongside other geological and geophysical 
data [21], the results presented in this study are 
integrated within a unified digital geoinforma-
tion system (GIS). Isoline GIS, provided by the 
developers for educational and research purpos-
es, serves as our database management system. 
While primarily oriented towards the oil and gas 
and mining sectors [22], it provides a functional 
interface for working with the digital tectono-
physical database. Simultaneous visualization 
and interpretation of diverse geological and geo-
physical information enables research at a new 
level. Furthermore, unlike results from past stud-
ies [2], this digital information is accessible to all 
interested researchers.

Investigations conducted from 2016 to 
2023 revealed differences in the geodynamic 
setting between the eastern and western coasts 
of the Schmidt Peninsula. Нorizontal shear re-
gimes (shear type of deformation) predominate 
throughout this area. The western coast is char-
acterized by a NW-trending orientation of the 
axis of maximum compression and its subhori-
zontal attitude. The eastern coast is characterized 
by horizontal extension regimes, typically local-
ized in the axial parts of anticlinal structures. 
Directions of maximum compression are highly 
variable in this region. The parameters defining 
the stress-strained state of the Schmidt Peninsula 
differ significantly from those of the remainder 
of Sakhalin Island during the neotectonic period.

The central Sakhalin region exhibits a domi-
nant subvertical orientation of the axis of maxi-
mum compression and a subhorizontal, most of-
ten submeridionally oriented axis of minimum 
compression (extension). Horizontal extension, 
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as a type of stress state, is characteristic of the 
entire central Sakhalin region. Horizontal com-
pression and shear regimes are significantly more 
widespread in the western part of central Sakha-
lin. The number of horizontal extension regimes 
increases in the eastern and axial parts, approach-
ing the Sea of Okhotsk.

Disruptive faults in the coal deposits of the 
western coast of Sakhalin Island are character-
ized by two, and less frequently three or four, 
density maxima on stereographic projections. 
Because most of the studied deposits are char-
acterized by normal faults, fault elements whose 
bedding form each pair of maxima can be consid-
ered as conjugate.

A general pattern identified across all depos-
its is the nearly horizontal position of the exten-
sion axis, which is oriented sub-meridionally. A 
northerly to north-northeasterly trend of this axis 
is characteristic of the Lopatinskoe, Lesogorsk, 
Duysky, and Mgachi deposits, as well as a sig-
nificant portion of the Uglegorsk and Boshnya-
kovo deposits; this abruptly changes to a sub-
latitudinal trend in the southern Uglegorsk and 
Boshnyakovo deposits. The compression axis is 
oriented predominantly sub-latitudinally, with 
minor deviations in the southern and northern di-
rections, and dip angles 30–70°.

Based on data from local stress states (LSS), 
the regional field of southern Sakhalin was re-
constructed using the method of finding the “gen-
eral”, or averaged, field of tectonic stresses [18]. 
Two LSS were reconstructed in five homogene-
ously-axed volumes, and three LSS in one ho-
mogeneously-axed volume; the averaged stress 
field was determined using 36  local compression 
and extension axes. Their localization on a ste-
reogram allowed determination of the compres-
sion and extension cones and the regional stress 
field with the following characteristics (defining 
the principal stress axes and allowing calculation 
of the Lode–Nadai coefficient, though those spe-
cifics were not measured in this case): σ1 – 350°
 10°; σ2 – 112° 66°; σ3 – 260° 20°; τmax – (–32°
 83°); τmax – 125° 68°.

Conclusion

This study provides a synthesis of key re-
sults from field tectonophysical investigations 
conducted during different years by various re-
search groups at different times. The informa-
tion on 264 observation points is presented in 
tabular format, containing crucial parameters of 
the stress-strained state of the Earth’s crust in 
Sakhalin. In contrast to the outcomes of previous 
studies and analogous works in other regions, 
our database is fully integrated with a GIS and 
managed using the Isoline GIS software suite. 

Thus, unique regional tectonophysical in-
formation has been combined, generalized, and 
systematized, making it possible to leverage this 
information for both fundamental and purely ap-
plied purposes, such as evaluating the stability of 
wellbores, quarry walls, slopes, and other engi-
neering challenges. This enables a qualitatively 
new level of field tectonophysical investigations 
in conjunction with other geological and geo-
physical data. The database, which documents 
the orientation of slickensides and the distribu-
tion of fracturing, allowing the inference of prin-
cipal stress axes and calculation of the Lode–
Nadai coefficient, is continually updated with 
new results from field observations and will be 
made publicly available on a dedicated page of 
the website of the Institute of Marine Geology 
and Geophysics of the Far Eastern Branch of the 
Russian Academy of Sciences.
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