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Abstract—The development of geographic information systems and their growing application in Geology pro-
vide a unique opportunity to optimize the process of lineaments identification on images of the Earth’s surface
using the resources of laptops. The selection of primary linear objects is based on their searching in images in
the form of linear and relatively extended boundaries between contrasting areas and/or sequences of pixels of the
same tone. Such an analysis is performed for a large gold field in Eastern Sakha (Yakutia) territory to identify
regional and local lineaments. Generally accepted models proposed to explain the orientation of faults in a
homogeneous medium are used to interpret the results. Lineaments are found in the Taryn gold field that prob-
ably correspond to tectonic faults from three stages of compression. The assumed mutual position of the axes of
the main normal stresses at different stages of deformation is confirmed by results from lineament analysis,
interpreting the fracturing of an outcrop in the Bolshoi Taryn river valley, and exploratory drilling data.
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INTRODUCTION
The term lineament was coined by the American

geologist W. Hobbs (1904): “The more important lin-
eaments of the earth physiognomy may be described
as crests of ridges or the boundaries of elevated areas,
the drainage lines, coastlines, and boundary lines of
geologic formations, of petrographic rock types, or
lines of outcrops.” Lineament analysis is an effective
complex of geomorphological, geological, remote
sensing and other methods of mapping geological and
geomorphological linear objects. Linear structures
revealed as a result of research can be used to solve a
number of applied problems. These include determin-
ing the paths of groundwater migration, searching for
mineral deposits, and assessing the stability of geolog-
ical blocks (Bondur and Zverev, 2005a, 2005b, 2007).

Tectonic faults in a rock mass and other geological
objects (e.g., as fold axes) can often result in the for-
mation of relatively straight morphological lines in the
relief. Linear objects identified on satellite images,
aerial photographs and digital terrain models, includ-
ing straight-line outlines of valleys, slopes or ridges,
can therefore represent a natural geological objects.
Allocation of lineaments is usually done visually,
along relatively straight segments of hydrographic and
gully-girder networks, coastal lines of natural reser-
voirs, and microrelief forms. Analysis of vast territories

(tens of km2) in this way requires much time and great
concentration.

With the development of geographic information
systems and their increased use in geology, it became
possible to optimize the process of identifying of linea-
ments using the resources of laptop computers. At the
same time, the accuracy of identifying lineaments for
both ways depends directly on the image resolution:
high resolution allows us to distinguish short linea-
ments that are poorly expressed in relief.

GENERAL GEOLOGICAL INFORMATION
The Taryn gold field (TGF), which measures 16 ×

17 km, is located in the East of the Republic of Sakha
(Yakutia) in the Oymyakonsky district, 70 km south of
the settlement Ust-Nera, the administrative center of
the district. In structural and tectonic terms, this terri-
tory belongs to the Verkhne–Indigirka mega-synclino-
rium of the Yana–Indigirka synclinal zone in the struc-
ture of the Verkhoyansk–Kolyma folding system and is
associated with Late Triassic flysch formations (Fig. 1).

In the late 1970s, a number of researchers (Vladi-
mirov, 1977; Berger, 1978; Indolev et al., 1980) identi-
fied a connection between the Adycha–Taryn gold–
antimony metallogenic zone with a hidden near verti-
cal, deep-seated fault of the northwestern strike along
1546
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whose periphery areas of increased dislocation and
fracturing of the host rocks were noted. The confine-
ment of the largest and richest gold–quartz veins to
the nodes of intersection of the main fracture with
transverse faults was noted.

The TGF lies within the junction of the Taryn
megasyncline and the Nel’kan brachyanticlinorium
and is governed by the Bolshe–Taryn branch of the
regional Adycha–Taryn deep fault (ATG), which
extends for more than 1000 km (Mokshantsev et al.,
1975). The role of the ore-governing structures is
played by tectonic faults of the northwestern strike
cutting across the northern part of the submeridional
Pil anticline. Of no small importance within the area
are the zones of northeastern and sublatitudinal strikes
transverse to folding. These are usually high-angled
faults with a displacement amplitude of up to the first
tens of meters.

According to a number of studies, the Adycha-
Taryn deep fault is a large left-lateral disjunctive zone
(Parfenov L. M., 1988). The role of strike slip faults in
the Yano–Kolyma region and Eastern Yakutia in the
control of gold mineralization has been described in a
number of works (Prokop’ev et al., 2000; Shahtyrov,
2009; Aristov et al., 2015; Voitenko, 2015; Chitalin,
2017; Chitalin et al., 2018). The authors also assumed
the reversible nature of ATG kinematics (i.e., the occur-
rence of right-lateral after left-lateral movements).

The localization of mineralization is mainly deter-
mined by deformation that increases the permeability
of the medium for ore-bearing solutions. With several
phases of deformation, the degree of structural hetero-
geneity of the medium increases, producing sections
of compression and decompression. Most of the gold
deposits and signs of gold in the TGF are localized
mainly in structures that are transverse to the ATG (in
areas of tectonic faults, and in areas of increased frac-
turing of rocks). As shown by the results from analyz-
ing different geological maps of the TGF, transverse
faults to a greater extent have strike–slip (rather than
fault) kinematics (Chitalin et al., 2018).

All vein–veinlet ore deposits known in the region
are confined to local shear zones or faults of the WNW
strike that cut the wings and hinge part of the regional
Pil anticline at almost right angles. Ore bodies are rep-
resented by f lat thick stockworks with disseminated
veinlet quartz-sulfide mineralization with high gold
content. The most permeable areas of steeply dipping
tectonic faults act as ore-supplying and (less often)
ore-hosting structures. Different structural models for
the formation of gold-bearing stockworks have been
proposed for the Drazhnoe gold deposit: a model of a
combination of folded ore-controlling structures of
interlayer delamination, thrust and shear (Aristov et al.,
2015; Voitenko, 2015), and a model of a post-folded
ore-controlling sinistral shear (Chitalin et al., 2018).

At one large TGF deposits, vein-disseminated
gold–quartz mineralization is found only in stock-
works of linear morphology and confined mainly to
IZVESTIYA, ATMOSPHER
the core of the Pil anticline, which is composed of
rocks enriched in carbonaceous (organic) matter and
containing sulfide mineralization.

ANALYSIS OF TEXTURAL CHARACTERISTICS

Our analysis used an image obtained by the Land-
sat-8 OLI & TIRS system (September 13, 2017, at
01:51:14 and coordinates 143°00′04.8″ E and
63°48′49.4″ N (lower left corner) and 143°39′01.8″ E
and 64°02′16.3″ N (upper right corner). The most of
the work was done with the GIS ESRI ArcGIS
(United States), PCI Geomatica Focus (Canada) and
LESSA (Russia) software.

We analyzed textural characteristics to reveal how
the locally predominant directions are distributed over
parts of the territory that are homogeneous in terms of
orientational properties, where anomalous zones and
lines appear, and so on.

The technology used for lineament analysis, LESSA
(Lineament Extraction and Stripe Statistical Analy-
sis), allows us to analyze in a unified manner the ori-
entation characteristics in raster images and DEM
(Zlatopol’skiy, 2008). Orientation characteristics are
measured in LESSA by identifying linear elements
(stripes); i.e., the straightened borders of halftone
areas in the image and ridges/valleys in the DEM, and
the direction of the stripe is determined at each point.
In a moving average, rose diagrams are calculated that
reflect the distribution of stripes in the direction, and
many derived characteristics also calculated. The
results from the automated selection of linear objects
within the Taryn ore field are shown in Fig. 2. A total
of 24971 rectilinear objects with an average length of
355 m were identified. A specific density map of linea-
ments was calculated on basis of these objects’ posi-
tions (Fig. 2). The map clearly shows an area of   lower
density, framed along the periphery by an area with a
higher specific density of linear objects. The drop in
the number of lineaments in this area is presumably
associated with the presence at depth of an undiscov-
ered deep intrusion, identified according to geophysi-
cal data, which is discussed below.

For further analysis, each segment of the linea-
ments was defined as the true azimuth of its strike
(0° ≤ str. az.< 180°). Based on this attribute, eight
maps of relative lineament densities were constructed
with azimuths 22.5° ± 11.25°, 45° ± 11.25°, 67.5° ±
11.25°, 90° ± 11.25°, 112.5° ± 11.25°, 135° ± 11.25°,
157.5° ± 11.25° and 180° ± 11.25° (Fig. 9). The max-
ima of the relative density of lineaments, which are
arranged in linear chains and form some trends, are
highlighted on all of our maps. As a rule, such trends
are formed by many close co-directional lineaments.
Linear maxima (trends) of density coinciding with lin-
eaments in azimuth thus mark large linear geological
objects. In Fig. 9, a linear trend of density maxima is
clearly visible in the northeastern part of the studied
ore field, in the form of strikes from northwest to
IC AND OCEANIC PHYSICS  Vol. 56  No. 12  2020
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Fig. 2. Linear objects (center) highlighted in the Landsat-8
panchromatic image (top) and their specific density map
(bottom).
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southeast in the valley of the Bolshoi Taryn river. This
trend corresponds to a large regional fault zone, the
Adycha–Taryn. A similar trend of the submeridional
strike is found in the southwestern part of the site, the
valley of the Maly Taryn river.

To improve detail and exclude the identification of
man-made objects (roads, heating mains, power
lines), the nature of each lineament in the areas of
thickening was determined by superimposing it on a
panchromatic satellite image. In many cases, large lin-
eaments correspond to the valleys of small water-
courses. It is assumed that in such cases, rivers and
streams follow tectonic disturbances coming to the
surface in areas of decompaction rocks. Some linea-
ments are easily traced across watersheds, often stand-
ing out in the shade in such areas.

Lineaments identified in this way were divided into
three morphological groups, based on their size:
small, medium, and large. Figure 9 clearly shows that
the Taryn gold field is located between two large linea-
ments of the NW-SE strike. As noted above, large lin-
eaments in the Bolshoi Taryn river valley correspond
to the Adycha–Taryn fault zone. A large lineament in
the Maly Taryn river valley (in the lower left corner of
the Taryn ore field) also presumably follows a tectonic
fault zone. The central part of the ore field is domi-
nated by medium-sized lineaments of a submeridional
and northeastern strike. Some of these correspond to
the valleys of the Pil, Malyutka, Dora, and other
streams. Such medium-sized lineaments are normally
limited to large lineaments in the valleys of the Bolshoi
and Maly Taryn rivers. Short lineaments within the ore
field have predominantly sublatitudinal and NW–SE
orientation and are limited to medium-sized linea-
ments. It is noteworthy that the lineaments are ori-
ented in the NW–SE direction in the central and east-
ern parts of the ore field, and in the valley of the Bol-
shoi Taryn river.

FRACTURING IN THE BOLSHOI TARYN 
RIVER VALLEY

A photograph taken by A. F. Chitalin of the meso-
structural forms in an outcrop in the Bolshoi Taryn
river valley was used to confirm our results. The pho-
tograph was processed for further use in a graphic edi-
tor using basic algorithms to increase contrast, and to
avoid interpretation errors (e.g., shadows cast by
bushes as linear objects). The photo was further pro-
cessed using the same algorithm as for satellite images,
allowing us to identify a variety of differently oriented
linear objects. For all linear items, a manual filter was
used to remove misinterpreted areas where tree
branches were located on the outcrop, or a hammer
has been placed to visually determine the scale. The
true strike azimuth was determined for each segment
of the polylines. Statistics were later calculated for the
entire set of segments with certain azimuths. The
length of each segment was considered when calculating
statistics (i.e., calculating rose diagrams). In other
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS  Vol. 56  No. 12  2020
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Fig. 4. Pure shear mechanism (Anderson’s model).
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words, the relative weight of the longer segment was
greater than that of a short linear object. Seven main
directions of the strike of linear objects in the valley of
the Bolshoi Taryn river were determined, based on the
results from an analysis of our rose diagrams.

Two models were used to interpret the results:
Anderson’s model (1905), a pure shear mechanism

originally proposed to explain the orientation of faults
in a triaxial stress field inside a homogeneous medium
(Fig. 4). This mechanism assumes that the system of
conjugate left–lateral FL and right–lateral FR frac-
tures will form symmetrically, relative to the direction
of compression at an angle between them (90 − ϕ)°,
where ϕ is the angle of internal friction.

Riedel’s shear model (1929) was proposed to explain
the orientation of faults in a homogeneous medium
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
with a predominance of shear stresses (Fig. 5). The
model assumes the formation of a series of fractures
under conditions of shear stress:

• Y-shears (principle displacement zones) parallel
to the direction of shearing;

• R-shears (Riedel shears) are synthetic shears
with ∠ + ϕ/2 to the direction of general shear;

• P-shears (secondary Riedel shears) are synthetic
shears with ∠ — ϕ/2 to the direction of general shear;

• R′-shears (conjugate Riedel shears) are antithetical
shears with ∠90 — ϕ/2 to the direction of general shear;

• T-tension fractures (∠ ~ 45° to general shear)
form orthogonally to the tensile stress and along the
compression stress.

The most complete models of the relationship
between fractures of different ranks in shearing zones
can be found in other works (Hancock, 1985; Gintov,
2005; Seminskiy, 2003)

Current ideas about structures that occur in shear
zones are summarized in the model shown in Fig. 6
(Rebetskiy et al., 2017).

Seven types of fractures were thus identified within
the outcrop, presumably of two stages of formation
(Fig. 7): synthetic (str. az. 5°–25°) and antithetical
(str. az. 80°–100°); cleavage fractures (str. az. 130°–165°)
and tension fractures (str. az. 30°–45°) of the first
stage of formation; a stage of NE–SW compression;
 Vol. 56  No. 12  2020
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Fig. 7. Interpretation of fracture orientation in the Bolshoi Taryn river valley. Photo by A. F. Chitalin, 2016.
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Fig. 8. Stereogram of fracturing (upper hemisphere) of the Terrasovy site.
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synthetic (str. az. 105°–125° and 165°–180°), anti-
thetical (str. az. 55°–75°) and general left-lateral
strike–slip faults (str. az. 130°–165°) of the second
stage; and a stage of ESE–WNW compression. At the
first stage of structure formation, the axis of compres-
sion was oriented along an azimuth of 50°. Multiple
cleavage fractures of the NW–SE strike formed, pre-
sumably accompanied by tension fractures perpendicu-
lar to them. In the future, the orientation of the stress
axes will change to ESE–WNW (str. az. 95°), and left-
side shear faults will form. These will include the Ady-
cha–Taryn fault zone, co-directed to cleavage fractures.

STEREOGRAM ANALYSIS

Stereograms were analyzed to confirm our results,
using fractures instead of lineaments as the initial data.
The orientation of the fractures was determined while
documenting the oriented core. The orientation of the
systems, and the types of fractures and faults in both
the outcrops on the daylight surface and in the core of
drillholes at a depth of 200 m, are the same in the Dra-
zhnoe gold deposit.

The drilling area closest to the outcrop is the Terra-
sovy site of   the Drazhnoe gold deposit, where ten
inclined structural drillholes have been drilled to a
depth of 200 m, so data from this site was used for our
confirmation. A total of 1505 measurements of frac-
ture orientations were made within the Terrasovy site.
The stereogram of fracturing for this site is shown in
Fig. 8. There are four fracture density maxima on the
stereogram, one of which (in the central part of the
stereogram) reflects a system of sloping fractures that
cannot be detected in satellite images. Three maxima
are clearly visible in the upper right. These correspond
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
to three steep-angled (∠70°) fault systems of striking
fractures oriented NW–SE (str. az. 305°–340°). In
analogy with the interpretation of the photo outcrop,
we may assume that the system with the orientation of
fl. az. 40° ∠70° corresponds to the synthetic Riedel
shear of second stage of compression R2 (the shears of
this system are colored dark green in Fig. 7). The sys-
tem with the orientation f l. az. 50° ∠70° most likely
corresponds to the S1 cleavage fractures colored red.
The third system with f l. az. 60° ∠70° presumably cor-
responds to the general strike–slip Y, parallel to the
strike of the Adycha–Taryn zone. As in Fig. 7, the
angle between strike Y and R2 is 20°. The other systems
identified in interpreting the fracturing in the valley of
the Bolshoi Taryn river could correspond to maxima
in the upper and lower parts of the stereograms.
Because they are so weak, however, our interpretation
of these maxima could be erroneous.

We performed an analysis of lineaments in the
Taryn gold field similar to the one described above,
based on rose diagrams of the strike for all segments
(10064) of the lineaments highlighted in satellite
images. Figure 10 shows a rose diagram of the strike
azimuths of the segments (more than 10000) of all lin-
eaments identified in the considered ore field. Three
maxima are clearly distinguished and correspond to
the strike azimuths WNW (295°), NW (315°), and
N (5°). The maxima are less pronounced: 20–40, 50–
60, and 80–100. If we assume the maximum of the lin-
eaments with the strike of 310–320 corresponds to
ATG lineaments and the others correspond to shear
and separation structures, we can say with a high
degree of confidence that the proposed orientation of
the axes of compression is in this case also valid.
 Vol. 56  No. 12  2020



1554

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS  Vol. 56  No. 12  2020

SIVKOV et al.

Fi
g.

 9
. D

en
si

ty
 m

ap
s o

f l
in

ea
m

en
ts

 w
ith

 th
e 

in
te

rp
re

ta
tio

n 
of

 tr
en

ds
 id

en
tif

ie
d 

in
 th

e 
Ta

ry
n 

go
ld

 fi
el

d 
w

ith
 e

ig
ht

 d
iff

er
en

t o
ri

en
ta

tio
ns

 (l
ef

t t
o 

ri
gh

t, 
to

p 
to

 b
ot

to
m

):
 2

2.
5°

 ±
 11

.2
5°

,
45

° ±
 1

1.
25

°,
 6

7.
5°

 ±
 1

1.
25

°,
 9

0°
 ±

 1
1.

25
°,

 1
12

.5
° ±

 1
1.

25
°,

 1
35

° ±
  1

1.
25

°,
 1

57
.5

° ±
 1

1.
25

° a
nd

 1
80

° ±
 1

1.
25

°.

0
6

12
18

24
3

km
L

in
ea

r t
re

nd
s

R
1

R̀ 2

R 2

T

Y

Y

Y

Y

Y

Y
Y

T

T

T

T

T
22

.5
° 

±
 1

1.
25

°
45

.0
° 

±
 1

1.
25

°
67

.5
° 

±
 1

1.
25

°
90

.0
° 

±
 1

1.
25

°

11
2.

5°
 ±

 1
1.

25
°

13
5.

0°
 ±

 1
1.

25
°

15
7.

5°
 ±

 1
1.

25
°

18
0.

0°
 ±

 1
1.

25
°

T

T

T

T
R

1

R
1

R
1

R
1

R
1

R
2

R
2

R
2 R
2

R
2

R
2

R
2

R
2

R
2

R
1

R
1

R
1

R
1

R
1R

1

R
1

Y

Y
Y

R
1

P
2

P
2

P
2

P
2

P
2

P
2

P
2

R
1

R
1

R
1

R
1

R
1

R
1

R
1

R
114

3°
10

′
14

3°
30

′ E
14

3°
20

′
14

3°
10

′
14

3°
30

′
14

3°
20

′
14

3°
10

′
14

3°
30

′
14

3°
20

′
14

3°
10

′
14

3°
30

′
14

3°
20

′

14
3°

10
′

14
3°

30
′ E

14
3°

20
′

14
3°

10
′

14
3°

30
′

14
3°

20
′

14
3°

10
′

14
3°

30
′

14
3°

20
′

14
3°

10
′

14
3°

30
′

14
3°

20
′

64
°0

′

63
°5

5′

63
°5

0′

N 64
°0

′

63
°5

5′

63
°5

0′

N

64
°0

′

63
°5

5′

63
°5

0′N

64
°0

′

63
°5

5′

63
°5

0′N

<15 15
–25

25–35 35–45 45–60 60–80 80–10
0

R
el

at
iv

e 
sp

ec
ifi

c 
de

ns
ity

, %
:

A
u 

de
po

si
ts

A
u 

or
e 

oc
cu

rr
en

ce
s

B
or

de
r o

f t
he

 T
ar

yn
 g

ol
d 

fie
ld

R
2'

R
2'

R
2'

R
2' R

2'

R
2'

R
2' R

2'

R
1'

R
1'

R
1'

R
1'

R
1'

R
1'

R
1' R

1'

P
2

P
2



USING LINEAMENT ANALYSIS TO IDENTIFY PATTERNS IN THE LOCALIZATION 1555

Fig. 10. Rose diagram of the strike azimuths of the linea-
ments (top), selected in the Taryn gold field and options
for its interpretation (bottom).
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Synthetic shears (Riedel shears) of the stage of
NE–SW compression will thus correspond to the lin-
eaments that form the blue maximum on the rose dia-
gram (str. az. 0°–20°). Antithetical shears (conjugate
Riedel shears) will correspond to the violet sublatitudi-
nal maximum (str. az. 80°–100°). According to Fig. 10,
cleavage S1 will correspond to the largest (red) maxi-
mum (str. az. 320°–330°), and the light green maxi-
mum (str. az. 20°–40°) will correspond to separation
fractures.

Shear structures of the second stage of compres-
sion (the ESE–WNW strike) are also ref lected in
Fig. 10. The lineaments that form the dark green
maximum on the rose diagram (str. az. 290°–310°) cor-
respond to synthetic shears of the second stage of com-
pression. The yellow maximum (str. az. 50°–80°) cor-
responds to antithetical shears (conjugate Riedel
shears). According to Fig. 8, the red maximum cor-
responds to general shears Y (str. az. 300°–310°). The
orange maximum (str. az. 340°–360°), the weakest of
all, corresponds to secondary Riedel shears.

DIVISION INTO DOMAINS
To obtain representative results, statistical indicators

were calculated for objects of different scales. If the
moving average window was too large, the textural char-
acteristics of small objects were obscured. If it was much
smaller than the object, characteristics were determined
not for the desired object, but for its smaller substruc-
tures only.

The lines of elongation of the rose diagrams allowed
us to determine the orientational properties of the texture
of the studied objects. This was the most stable charac-
teristic of object orientation (Zlatopol’skiy, 2008).

Since three classes of linear objects (large, medium,
and small) were identified at earlier stages of our study,
rose diagrams for analyzing the spatial distribution of
differently oriented stripes within the TGF were calcu-
lated using the LESSA and lines of elongation formed
by a moving average window of 2000 × 2000 m (256 ×
256 pixels), 1000 × 1000 m (128 × 128 pixels) and 500 ×
500 m (64 × 64 pixels) (see Fig. 11).

As the size of the window grew, so did the number
of stripes on whose basis of which the rose diagram
was calculated, and the shape of the rose diagram was
smoothed. In certain areas, such rose diagrams
showed isotropy in the orientation of stripes; in others,
the permanent orientation of stripes became more sta-
tistically valid (Zlatopol’skiy, 2008).

In the figure with the lines of elongation calculated
using a moving average window of 256 × 256 pixels,
four large domains (in the northwest, northeast, east
and south) are clearly visible in addition to the linear
Adycha–Taryn fault zone. Around 10 medium-sized
domains can be distinguished in the similar image cal-
culated with a window of 128 × 128 pixels, and the
ATG is also clearly visible. In addition to the ATG,
which stands out the most, around 20 domains can be
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
distinguished in the most detailed image, which was
calculated with a 64 × 64 pixel window.

Analyzing the behavior of the calculated rose dia-
grams and lines of elongation within the TGF,
15 domains were identified that differed in texture char-
 Vol. 56  No. 12  2020
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Fig. 12. Predominant orientation of stripes in the selected domains.
acteristics. Generalized rose diagrams were calculated
that reflected the main characteristics of the textural fea-
tures of a particular domain or a selected stripe in each
domain (Fig. 12). We can see that the stripes acquire a
NW–SE orientation in the valleys of the Bolshoi and
Maly Taryn rivers, while the orientation of the stripes is
close to chaotic in the northeastern part of the territory.
In the interfluve of the Bolshoi and Maly Taryn rivers,
two orthogonal directions predominate in all domains:
similar to the orientation in the valleys (NW–SE) and
perpendicular to it (NE–SW). This mutual arrangement
of stripes could indicate a series of parallel tectonic faults
in the NE and NW strikes, limited by two large strike–
slip zones in the valleys of large rivers.

The predominance of NE orientation of the stripes
in the central part of TGF and the lineaments of the
same strike selected at earlier stages of our study testify
to the established opinion about the left lateral strike–
slip kinematics of the ATG. The reversible nature of
the ATG is assumed, however, based on the morphol-
ogy of the medium-sized lineaments adjacent to the
large one in the valleys of the Bolshoi and Maly Taryn
rivers (their backward bending is uncharacteristic of a
sinistral shear). Left-lateral movements for disjunctive
faults thus become right-lateral. Nevertheless, the ori-
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
entation of the overwhelming number of stripes and
lineaments in the central part of the TGF indicates the
predominance of left-lateral strike–slip kinematics
over right-lateral ones, even if the latter do occur.

CONCLUSIONS
Computers were used to identify several tens of

thousands of differently oriented linear objects in
images obtained by the Landsat-8 satellite. Calculat-
ing rose diagrams, seven systems with stable directions
were identified among all multidirectional objects. In
most cases, the extended lineaments corresponded to
the valleys of watercourses of different orders. It was
assumed that rivers and streams follow rectilinear sec-
tions of rock disintegration caused by tectonic faults
coming to the surface.

The interpretation of the role of each of the systems
in the formation of the TGF structure was based on
two generally accepted mechanisms for the formation
of tectonic faults: Anderson’s model and Riedel’s
model. The Taryn gold field is thus located between two
large zones of the thickening of NW–SE strike linea-
ments that correspond to regional fault zones (includ-
ing the Adycha–Taryn zone) in the valley of the Bol-
 Vol. 56  No. 12  2020
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Fig. 13. Final result from interpreting the selected lineaments (top) according to the stage-by-stage formation of the modern
structure of the Taryn ore field (bottom).
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shoi Taryn river. It was assumed there was a series of
parallel tectonic faults of the NE and NW strike in the
central part of the ore field, and that these were cou-
pled with two large strike–slip zones in the valleys of
large rivers. Areas of the thickening of linear objects
are clearly visible on specific density maps, standing
out in the form of elongated chains of density maxima.

The orientation of the conjugated faults testifies to
the predominantly left-lateral shear kinematics of the
ATG. Nevertheless, the reversible nature of the ATG
was assumed (i.e., the left-lateral movements became
right-lateral, since uncharacteristic bending of the
selected faults in the opposite direction was detected for
the sinistral shear). However, the left-lateral strike–slip
kinematics component obviously predominated over
the right-lateral one, even if the latter did occur.

Lineaments are found throughout the TGF that
probably correspond to tectonic faults of three stages of
compression (Fig. 13). At the first stage, the axes of com-
pression had a NE–SW orientation. NW–SE striking
cleavage fractures, sublatitudinal left-lateral strike–slip
faults, and submeridional right-lateral strike–slip faults
formed. During the second stage, the axes of compres-
sion were oriented ESE–WNW. The main large left-lat-
eral tectonic faults formed, probably following zones of
cleavage faults and fractures formed at the first stage.
Riedel’s synthetic and antithetical shears appeared. The
orientation of the axes of compression of the third stage
is presumably orthogonal to the orientation of the axes in
the second stage, NNE–SSW. With such mutual
arrangement of the axes, the kinematics of tectonic faults
reversed. Left-lateral ATG strike–slip faults became
right–lateral ones, and slips occurred along the fractures
of separation formed at the first stage of deformation.

A comparison of the results of lineament analysis,
ones from interpreting fracturing in outcrops in the Bol-
shoi Taryn river valley, and data from exploratory drill-
ing confirmed the assumed mutual position of the stress
axes within the Taryn gold field. We may assume the
orientation of the stress axes that existed within the Ter-
rasovy site is also typical of the rest of the ore field.
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