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ABSTRACT

Problems Statement and Purpose. Libya is the fourth-largest country in Africa and the seventeenth-largest country in the world
with area of 1,759,540 sq. km. Most of Libya is located in the Sahara Desert and known for being the driest and most remote regions
with limited accessibility. In the 1970s, the Industrial Research Center in Libya began to create geological maps of all Libyan lands
derived from analog (hard-copy) aerial photographs and geological field trips to some accessible places. Recently, remote sensing and
data integration techniques using GIS are crucial to geological survey and mapping, which provides a useful tool for studying and
investigating the geology of remote regions without having to physically access them. The purpose of this study is mapping lithological
unites and structural lineaments in the region of Abu Ghaylan - Kiklah - Tighrinna, northwest Libya, using integrated remote sensing
data and spatial analysis.

Data and Methods. Enhanced Thematic Mapper Plus (ETM+), Satellite Pour 'Observation de la Terre (SPOT 5), European
Remote-Sensing Satellite-2 (ERS-2) Synthetic Aperture Radar (SAR) C-band, Digital Elevation Model (DEM), geologic maps, and
aeromagnetic data were used to map and analyze the lithological and structural lineaments in the study area. Various fused images and
IHS transformations were tested for lithological units recognizing. On the basis of spectral characteristics and topographic forms,
lithological and structural lineaments were recognized and mapped. The extracted rasters and vectors data were integrated using remote
sensing and GIS data integration techniques.

Ground Truthing. The purpose of the ground truthing was to validate the DEM-based structural mapping and identify any
landslides, streams, or valleys that may appear as edges in the DEM data. Also, determining the locations of the artificial lines, that
appears in the processed images as geological lineaments and edges.

Results and Discussion. The results indicate that remote sensing data were very useful in distinguishing between various rock
units and recognizing geological lineaments in the study area. The generated lithologic map shows fifteen geological formations with
apparent and accurate boundaries. The results exposed new geological lineaments in the study area. The direction of the extracted
geological lineaments is dominantly NW-SE. The magnetic data reveal the boundary of sedimentary basin in the study area. The
basement's depth within the basin varies from 122 meters to 4.5 kilometers. The extracted geological lineaments were analyzed and
interpreted to provide more information about the main structural trends affecting the study area. The methods used in this study for
remote sensing image analysis and field geological surveys can be used successfully in similar regions of Libya.
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1. Introduction

Integration approach of multi-source data can
improve geological interpretation and provide de-
tailed information on unexplored areas [1-3]. The re-
mote sensing satellites (sensors) can detect and map
geological surface based on the spectral and spatial
resolution [4, 5]. The integration method has been
used to combine high spatial resolution panchromatic
data with poor spatial resolution multi-spectral data.
The Abu Ghaylan — Kiklah — Tighrinn area is charac-
terized within several sedimentary and igneous rocks

occurrences because of varying events during its
complex geological history. Numerous old and recent
geological studies were conducted on the study area,
e.g. [6, 7]. This area is ideal for geological remote
sensing study because of its inaccessibility and lack
of vegetation. This study emphasizes the importance
of fusing and integrating multi-source remote sensing
and aeromagnetic data for geological mapping [8—
10]. Optical-radar- Digital Elevation Model (DEM)
remote sensing data integration was used in this study
for: (1) Distinguishing the spatial distribution of
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basalt flows, basalt cones and phonolite intrusions by
integrating Landsat Enhanced Thematic Mapper Plus
(ETM+) thermal infrared (TIR) data with band-ratio
of SPOT 5 visible and near infrared (VNIR) and Syn-
thetic Aperture Radar (ERS-2 SAR) C-band. (2) Fu-
sion of ETM+, SPOT 5 and ERS-2 images has been
tested to accurately identify further lithological units.
(3) Extracting and mapping geological lineaments us-
ing DEM data. The DEM were used to extract and
map geological lineaments and obscure artificial lin-
eaments in the study area.

Furthermore, DEM were also used to avoid bias
caused by the illumination direction. Shaded relief
maps and slope maps were created and analyzed us-
ing DEM derivatives. Ground truthing was done for
confirming the remote sensing implications and de-
termining the artificial lines, which could eventually
generate edges on the remote sensing data.

The geophysical data used to delineate the sub-
surface structural features and estimate the depth of

E 13°

the basement [11, 12]. We used aeromagnetic data to
gain a broad overview of the subsurface structure in
the study area. Horizontal Gradient (HG) filter was
used to locate the edges of the subsurface structures
[13, 14]. According to a qualitative analysis of the
aeromagnetic data, the study area is distinguished by
a sizable, northwest-trending positive magnetic
anomaly. The analysis of the aeromagnetic data re-
vealed that the depth of the basement ranges from 122
m to 4.5 km.

The new results modified formation boundaries,
distinguished between several rock units, and ex-
posed new geological lineaments in the study area.
The new geological map was created using modified
formation boundaries; fifteen rock units were identi-
fied and plotted in the map. New information about
the main structural trends of the study area was ob-
tained by analysis and interpretation of the extracted
geological lineaments and the age of the geological
formations.
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Fig. 1. Geological map of NW Libya [15]. Location of study area shown in red outline

2. Geological Setting

The study area lies in the northwestern part of
Libya on the Jabal Nafusah, bounded by longitudes
12°45E to 13°20E and latitudes 32°00N to 32°27N
(Fig. 1). It covers a surface area of approximately
3500 km2. The Jabal Nafusah extends roughly east-
west direction from the Mediterranean Sea and west-
ward till it reaches beyond the Libyan border. It is
elevated between 500 and 700 meters above sea level
and overlooks the Sahl Jifara. The Jabal Nafusah is

built by Mesozoic rocks, which are made of lime-
stone, sandstone, clay and dolomitic limestone [16].
The origin of the Scarp (Jabal Nafusah) was a subject
of two different opinions. The first conclusion was
mentioned by [17] who asserted that the Jabal front
is an elevated sea cliff that was ravaged on the north-
ern side by waves while the Sahl Jifara was still under
water. The second conclusion was described by [18]
and [16] who attributed the formation of the scarp to
the Al Aziziyah Fault which took place in pre-
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Miocene time. The Plateau is a Questa primarily
composed of Upper Cretaceous dolomitic limestone,
which is hard and resistant. Basalt sheets and black
hills of phonolite and basalt are spread throughout the
southeast region [19]. The basalt sheet's age was de-
termined by [20] as early Eocene to Pliocene,
whereas the basalt at Wadi Ghan was interpreted by
[21] as early Quaternary. Ages of the sedimentary
rocks exposed in the study area range from the Triassic
to the Quaternary. Quaternary sediments are particu-
larly observed on the northern part of the study area.

3. Remote Sensing Data and Methods

In this study, optical, radar, and DEM remote
sensing datasets were used and experimented. The
optical data include ETM+ and SPOT 5. The radar
data was represented by Synthetic Aperture Radar
(ERS-2 SAR) C band. The DEM are extracted from
topographic maps (1:50,000). Fused image from
ETM+ thermal infrared (TIR) band, SPOT 5 visible
and near infrared (VNIR) bands and ERS-2 SAR C-
band is used in this work. The spectral characteristics
of the ETM+ (TIR), SPOT 5 (VNIR) and ERS-2 C
band tested in this study found to be remarkably suc-
cessful in geological mapping, particularly at differ-
entiating between lava flows with various composi-
tions. Fused images from other bands of ETM+,
SPOT 5 and ERS-2 C band have been effectively im-
plemented for further lithological units recognizing.
Data from multi-spectral optical and radar sources
were combined using the Intensity-Hue-Saturation
(IHS)-RGB transformation. Based on the predomi-
nant wavelength, hue is used to define the color, sat-
uration determines the purity, while intensity used to
define the brightness [22]. Thus, while the radar data
are used to define the intensity, the multi-spectral
data of the ETM+ and SPOT 5 are used to define the
hue and saturation. Data transformations and image
ratios help to increase the accuracy of land classifica-
tion. They can also eliminate redundant data [23].

Generating and analyzing DEM derivatives,
such as shaded relief maps and slope maps, were used
to identify and map landforms and structural bound-
aries [24]. These extracted maps were useful in ex-
amining how morphology and structures relate to one
another.

3.1. Lithology

Three different types of volcanic rocks are ex-
posed on the surface of the study area: basalt flows,
basalt cones, and phonolite intrusions. The ETM+
TIR band (distinguishes different volcanic rocks) was
integrated with SPOT 5 band-ratio 3/1 (NIR/G) (high
spatial resolution) and ERS-2 C band (ability of pen-
etration) for discriminating different volcanic rocks
in the study area (Fig. 2). Several fused images from
ETM+, SPOT 5 and ERS-2 data were generated to
enhance the visual interpretation. These images in-
cluded: IHS- RGB SPOT 5 (NIR), SPOT 5 (SWIR)

and ERS-2 C band; IHS-RGB- ETM+ (TIR), SPOT
5 (NIR) and SPOT 5 (SWIR); HIS RGB- ETM+
(TIR), SPOT 5 (G) and ERS-2 C band; IHS- RGB-
SPOT 5 (NIR/G), ETM+ (5/7) and ERS-2 C band
(Fig. 3 and 4).

The electromagnetic spectrum's VNIR portion
has the ability of preserving morphological features
and exhibiting various lithological units in easily dis-
tinguishable colors [25]. Clay minerals have a sub-
stantial absorption property in the mid-infrared por-
tion, making it possible to differentiate clay units us-
ing this band [25]. Iron oxides have a high reflectance
in the near infrared band (NIR), which is useful for
mapping iron oxides [26]. The wavelength for the
color green (vegetation) is matched by the green band
[25]. The moisture content of vegetation and soils,
also geological and vegetation mapping were all done
using the bands G-NIR-SWIR. These bands are use-
ful for geological mapping in arid regions due to lack
of vegetation cover.

3.2. Structure

DEM constructed from topographic contour
maps (1:50,000) [27], which scanned, geo-refer-
enced, and digitized. The topographic maps have
contour interval of 20 m, in addition to the 10 m in-
tervals as supplementary contours. The generated
DEM has a 20 m horizontal resolution and a 5 m ver-
tical resolution. To detect and map geological linea-
ments in the study area, a number of image pro-
cessing techniques were applied to the digital eleva-
tion data to produce shaded relief maps and slope
maps.

In the processing of shaded relief maps, the in-
coming illumination that is perpendicular to the pre-
dominant trend of geological lineaments in the study
area was evaluating. The published geology map of
the study area shows that the predominant lineaments
trend in NW-SE directions [15]. In order to reduce
azimuth biasing effects and improve the visual detec-
tion of geological lineaments in the dominant trend,
low incoming solar radiation from the NE-NNE was
experimented. To avoid azimuth-biasing effects, four
azimuth angles of simulated sun light (NENNE, NW-
NNW, NW-WWN, and N) were examined. For line-
ament detection in all directions, a low sun elevation
angle (20° to 30°) was used (Fig. 5).

Using a quadratic fitted to a 3x3 kernel, a slope
map was produced. There is no weighted convolution
array used in the 3x3 filter, which is written in C
code. This slope filter produces data values in degrees
from horizontal. Slope values in the output image
range from 0° (flat terrain) to 90° (vertical terrain).
White areas represent the sharpest slopes and black
areas represent the gentlest slopes in an 8-bit pan-
chromatic image (Fig. 6). Topographic lineaments
can be identified by their elevation difference from
the adjacent topography. The colors of the slope map
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Fig. 2. ETM+ TIR band fused with ERS-2 C band and SPOT 5 NIR/G band-ratio
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Fig. 3. ETM+ TIR band fused with ERS-2 C band and SPOT 5 G band
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Fig. 4. ETM+ 5/7 band ratio fused with ERS-2 C band and SPOT 5 NIR/G band-ratio
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Fig. 5. The shaded relief map, azimuth angle is NE-NNE and sun-elevation is 27°
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Fig. 6. The slope map. Black areas have the gentlest slopes, whereas white areas have the steepest slopes

can reflects the elevation changes in the study area.
The extracted lineaments were overlaid on a
map shows the age of the geological formations in the
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study area (Fig. 7). The principle of cross-cutting re-
lationships was used as the foundation for the analy-
sis and interpretation of these lineaments [28, 29].
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4. Magnetic Data Analysis

Corrections were made to the aeromagnetic sur-
vey data, including the International Geomagnetic
Reference Field (IGRF). The Total Magnetic Inten-
sity (TMI) of the investigated area is shown in Fi-
gure 8.

According to a qualitative analysis of the mag-
netic data (Fig. 8), the study area is characterized by
a sizable positive anomaly in the central (red-pink
color). This anomaly has a maximum value of ~190
nT in the middle and values of ~9 nT on the troughs,
and it tends NW-SE.

The anomalies and edges that directly connect to

the structure are enhanced and made more distinct by
filtering the magnetic data. The structure's edges
were located using the Horizontal Gradient (HG) fil-
ter [30]. The key benefit of the HG filter is that it em-
phasizes the maximum anomaly values at the edges
(faults/borders) of the primary structure (Fig. 9).
Once the maxima have been identified, other tech-
niques can be used to determine the depths and trends
of the borders from the HG map. In order to recognize
the subsurface structure and more thoroughly inves-
tigate the anomaly, we applied a depth estimate ap-
proach to the HG data output. Figure 10 shows the
depth maps from HG data.
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Fig. 8. Total magnetic intensity map. C.I. = 10 nT. Grid cell size equals 500 m. Geologic faults traced from
the published geological map are shown as red lines [15]. The geological lineaments extracted from the
DEM are shown as fine black lines
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nT/m2

Fig. 9. Horizontal gradient map. Geologic faults traced from the published geological map are shown as red
lines [15]. The geological lineaments extracted from the DEM are shown as fine black lines
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Fig. 10. Depth map from the horizontal gradient. The colors represent depth. The solid black line represents
the edges of the subsurface basin
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5. Ground Truthing

Ground truthing focused on: (i) confirming the
DEM-based structural mapping and (ii) determining
the landslides, streams and valleys that may poten-
tially cause edges to appear on the DEM data. Ground
truthing revealed that the study area is dominantly

covered with Quaternary sediments. The scarp is
mostly built by limestone, sandstone and clay. The
soft rocks form the slopes, which are often covered
by debris and limestone mass. Conspicuous black
hills made of phonolite and basalt are frequently ob-
served in the southeast region (Fig. 11, 12, 13 and 14).

Fig. 12. Well bedded limestone of the Ain Tobi Member (Sidi as Sid Formation)

Fig. 13. The Plateau (Dahr) in southeast of the s

.
3 o

tudy area
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Fig. 14. A general view of the study area in which geological formations are shown

6. Results and Discussion
The results show that SPOT 5, ETM+ and ERS-

2 SAR sensors are capable of differentiating between

different rock units and identifying geological linea-

ments in the study area. The IHS-RGB- ETM+ TIR,

SPOT 5 (NIR/G) and ERS-2 C fused image was able

to differentiate more lithological units than other

fused images. It was possible to distinguish between
areas dominated by bedrock covered in thin sand and
those that are covered in thick sand using the SPOT

5 and ERS-2 C fused image. On the new lithologic

map, the following fifteen rock units were identified

(Fig. 15). The published geological map and Ground

truthing were used for confirming these results.

i. Al Aziziyah Formation: The primary material in
this unit is bedded limestone, which is distin-
guished by its dark grey color. Al Aziziyah For-
mation was mainly recognized by the fused im-
age IHS-RGB- SPOT 5 (NIR), SPOT 5 (SWIR),
and ERS-2 C band.

ii. Abu Shaybah Formation: Sandstone layers alter-
nate with layers of clays and and scattered limey
bands. The fused image IHS-RGB- ETM+
(TIR), SPOT 5 (NIR/G), and ERS-2 C band was
used to recognize this formation.

iii. Abu Ghaylan Formation: Mostly limestone
makes up this formation. Using the fused image
IHS-RGB-SPOT 5 (NIR), SPOT 5 (SWIR), and
ERS-2 C band was successful in recognizing
this formation.

iv. Bir al Ghanam Formation: Mainly consists of
gypsum, anhydrites and dolomites. Fused image
HIS-RGB-ETM+ (TIR), SPOT 5 (NIR/G), and
ERS-2 C band was utilized to recognize this for-
mation.

v. Takbal Formation: Mainly limestone with marly
and clayey intercalations. Fused image IHS-
RGB- ETM+ (TIR), SPOT 5 (NIR) and SPOT 5
(SWIR) was useful for identifying this for-
mation.

vi. Sidi as Sid Formation: Mostly limestone and
marl. This formation was recognized using

fused image IHS-RGB- SPOT 5 (NIR/G),

ETM+ (5/7) and ERS-2 C band.

vii. Nalut Formation: It consists of limestone and
dolomitic limestone. Nalut Formation was rec-
ognized using fused image IHS-RGB SPOT 5
(NIR/G), ETM+ (5/7) and ERS-2 C band.

Qasr Tigrinnah Formation: This unit consists of
a succession of soft marls and white to rosy
limestone. The fused image IHS-RGB- ETM+
(TIR), SPOT 5 (G) and ERS-2 C band was used
to recognize this formation.

ix. Volcanic rocks: This formation consists of bas-
alt flows, basalt cones, and phonolite intrusions.
We used fused image IHS-RGB- SPOT 5 (NIR),
SPOT 5 (SWIR) and ERS-2 C band for distin-
guishing volcanic rocks.

X. Quaternary: The Jifara Formation, Qasr Al Haj
Formation, eolian deposits, and fluvio-eolian
deposits were the only types of Quaternary sed-
iments discriminated in the study area. These
sediments were recognized using fused images
IHS-RGBETM+ (TIR), SPOT 5 (NIR/G), and
ERS-2 C band and IHS-RGB- SPOT 5 (NIR/G),
ETM+ (5/7) and ERS-2 C band.

Structurally, 233 geological lineaments were
identified using the DEM data (Fig. 7). For detecting
lineaments, a low illumination angle was ideal. Dif-
ferent trends can be seen in the extracted lineaments,
but the dominant trend is NW-SE, which is parallel
to the main tectonic of the Jabal Uplift. A secondary
trend is the NE-SW lineaments. The rest of the trends
have no statistical significance. According to geolog-
ical formations ages in the study area, the extracted
lineaments were divided into six groups (Fig. 7). The
dominant trend of lineaments in the Upper Triassic
rocks is NW-SE, with subordinate E-W and NE-SW.
Rocks from the Upper Triassic and Middle Jurassic
shows lineaments trend dominantly NW-SE, with E-
W and NE-SW subordinate trends. The NE-SW trend
dominates the Middle Jurassic rock lineaments, with
the NW-SE is the second dominant trend. The NW-
SE is the prevailing trend of lineaments in Upper

viii.
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Cretaceous rocks, the NE-SW trend being subordi-
nate. Lineaments in Tertiary rocks trend dominantly
NW-SE, with a subordinate trend to the NE-SW.
Lineaments in Quaternary rocks prevailingly trends
NW-SE.

The principle of cross-cutting relationships was
used as a foundation for the analysis of the extracted
lineaments [28]. Possibility of reactivated faulting in
the Upper Triassic and Upper Cretaceous rocks, as
indicated by the frequency and length of NW-SE
faults. The varying lengths of the NW-SE lineaments
in the Upper Cretaceous rocks likely imply reac-
tivated faulting. Lithologically, the arrangement of
basalt cones and phonolite hills in lines parallel to the
prevailing lineaments trends (NW-SE) shows a

E12°40 E12°50'

E13

relation between the tectonic activity of the Jabal Up-
lift and the volcanic activity in the study area.

The magnetic data shows an area of anoma-
lously high values in the center of the study area, and
two areas of anomalously low values in the northeast
and southwest. The magnetic data reveal the edges of
the subsurface basin, which trends NW-SE, and its
depth varies from 122 m to 4.5 km. The abrupt
change in the magnetic anomaly reveals a basement
fault. Variations in trend and depth indicate that the
studied region was active at several stages. Notably,
basalt intrusion (underneath extrusive basalt flow in
the study area) does not appear on the magnetic in-
tensity map. This is may be because basaltic rocks are
hydrothermally altered.
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Fig. 15. New lithologic map shows the distribution of fifteen rock units and extracted lineaments in the study area
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Fig. 16. Generated lithologic map (left) reveals the accurate distribution of the major geological formations of
the study area with high-contrast boundaries of rock units in compare to the published geological map (right)

7. Conclusions

This study focused on geological mapping and
structural analysis using various digital image pro-
cessing techniques. The integration of SPOT S5,
ETM+ and ERS-2 C band revealed the accurate dis-
tribution of the major geological formations of the
study area with high-contrast boundaries of rock
units. The DEM and aeromagnetic data provided in-
sight into the structure of the investigated area. IHS-
RGB- ETM+ (TIR), SPOT 5 (NIR/G), and ERS-2 C
band and IHSRGB- SPOT 5 (NIR/G), ETM+ (5/7)

and ERS-2 C band fused images successfully identi-
fied different lithological units. The shaded relief and
slope maps constructed from DEM facilitated the
recognition and extraction of geological lineaments.
Information on the main structural trends affected the
study area was obtained by classifying the extracted
lineaments into groups according to the age of geo-
logical formations. Such an approach of remote sens-
ing image analysis and field geological surveys can
be successfully adopted in other arid regions in
Libya.
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InTerpauniss AMCTAHUIMHOIO 30HAYBAHHS TA AePOMATHITHUX JaHUX
JI1 KapTOrpadyBaHHS JITOJOTIYHHUX i CTPYKTYPHHX JiHiH
B AOy-l'aiisian - Kikia - Tirpinna, niBHiuHo-3axigna JliBis

Hypeooin Caadi ',

JoKTOp (itocodii (reosoriuHa iHXeHepist), BUKIaga4 KaQeapy reojoriyHoi imkeHepii,
!'Yuisepcuter Tpinodi, YaiBepcurercrka nopora, Tpinoii, Jlisis;

Yeama Enxyn ?,

Marictp reosorii, Bukiazad kapenpu HahTOBOI iHXKeHepil,

2 Konemk imkenepanx texHooriit, [IpuGepexna nopora, Jxansyp, Jlisis;

Canex A. Caoez ’,

IOKTOp dinocodii (reonoriuHa iHXeHepis),

npodecop kadenpu iHKEHEPHO-TEOIIOTIUHIX HAYK

V¥ 1970-x pokax LlenTp mpommuciaoBux gocmimkeHs y JIiBii po3modaB CTBOPIOBATH I'€0JIOTIUHI KAPTH BCIX JBIHCHKIX
3eMellb, OTPUMaHKX 3 aHAJIOTOBHX (JIIPyKOBaHKX) aepo(OTO3HIMKIB 1 T€OJIOTIYHUX MOJIBOBHUX MOI3A0K y JEsKi JOCTYIHI
micst. OcTaHHIM YacoM METOIM AMCTAHIIHOTO 30HlyBaHHs Ta iHTerpalii faHux 3 Bukoprcranusam ['1C matoth Bupimia-
JIbHE 3HAYEHHS ISl TE0JIOTIYHOT 3HOMKH Ta KapTrorpadyBaHHs, 0 € KOPUCHUM IHCTPYMEHTOM JUIsi BUBYEHHS Ta JIOCIIi-
JUKEHHSI Te0JIorii BiiaJeHnX perioHiB 6e3 HeoOXimHOCTI (iznyHOro KoCcTyIy 10 HUX. MEeToI0 IbOro AOCIiKEHHS € Ka-
prorpadyBaHHS JITOJIOTIYHUX YTBOPEHb 1 CTPYKTYpHHUX JiHil B perioHi AOy-Iaiinan — Kikna — TirpinHa, miBHIYHO-3a-
xinHa JliBisl, BAKOPHCTOBYIOUM IHTEIPOBaHi JjaHi AMCTAHIIMHOTO 30HIyBaHHS Ta IPOCTOPOBUI aHami3. s kaprorpady-
BaHHS Ta aHANI3Yy JITOJNOTIYHUX 1 CTPYKTYpHUX IiHIM HOCHiKyBaHOi Tepuropii Oymu Bukopuctadi Enhanced Thematic
Mapper Plus (ETM+), Satellite Pour 1'Observation de la Terre (SPOT 5), European Remote-Sensing Satellite-2 (ERS-2),
panmap i3 curTeTHYHOO anepTyporo (SAR), C-miana3on, nudposa monens penbedy (DEM), reonoriuni kaptu Ta aepoma-
THiTHI gaHi. J[Js1 po3mi3HaBaHHS JTITOJOTIYHUX OMUHMIIb IPOTECTOBAHO Pi3Hi 3/1MTI 300paskeHHs Ta Tpanchopmarii THS.
Ha ocHOBI crieKTpalibHUX XapaKTEePUCTHK 1 TonorpadiuHux GopM po3Ii3HAHO Ta HAHECEHO Ha KapTy JIITOJNIOTIUHI Ta CTpy-
KTypHi JiHeaMeHTH. BUTATHYTI pacTpu Ta BEeKTOPHI JaHi OyJu iHTErpoBaHi 3a JOIIOMOTOI0 METOIB AUCTAHIIHHOTO 30H-
nyBaHHs Ta iHTerpanii manux ['IC. Mera Ha3eMHOT MepeBipKU TONATalia B MEPEBIpIll CTPYKTYPHOTO BiJOOpaKeHHsS Ha
ocHoBi LIMP Ta inenTudikanii Oynb-siKuX 3CyBiB, IOTOKIB a00 JIOJIMH, SIKI MOXYTb BioOpaxkaTucs sik kpai B gaHux LIMP.
Kpim Toro, BU3Ha4eHO po3TalIlyBaHHS MITYYHHX JIiHIH, K1 3 ABISIOTHCS Ha 00p0oOICHUX 300payKEHHX Y BUIVIAII T€0II0-
TiYHMX JIiHIA 1 KpaiB. Pe3ynbraTti BKazyloTh Ha Te, 110 JaHi AMCTaHIIHHOTO 30HyBaHHs OyJIH Jy>K€ KOPUCHUMH JUIs PO3-
Pi3HEHHS PI3HUX TIPCHKUX IMMOPiJ 1 pO3Mi3HABaHHS I'€0JIOTTYHMX JIHIN y TOCipKyBaHiil obnacti. CTBOpeHa JIiToJIoriYHa
KapTa II0Ka3ye I'ITHAALSATH T€0IOTIYHUX YTBOPEHb 3 OUEBHIHUMH i TOUHUMH MeKaMu. Pe3yibTaTi BUSBHIIN HOBI T€0JIO0-
TiYHI JTIHEMEHTH Ha TEPUTOPIil ToCHimkeHHs. HanpsaMok BUITydeHUX Te0JIOTIYHUX JiHIN TepeBakHO MiBHIYHO-3aXiTHUH—
MiBICHHO-CXiTHUNA. MarHiTHI JaHi BUABJISAIOTH MEXi 0CcaoBOTO OaceiHy B paiioHi mocmimkeHHs. [nbnaa QyHmaMenTy
B M@XaXx YJIOTOBHHH KOJUBAEThCs Bif 122 merpiB 110 4,5 KinoMeTpiB. BUTArHYTI reosiorivxi JiHii Oyau npoaHanizoBaHi
Ta IHTEPIpeTOBaHi, 100 oTpuMary Oinblie iHpopMallii PO OCHOBHI CTPYKTYpPHI TEHJIEHLI|, 10 BIUIMBAIOTh Ha IOCHI-
IDKyBaHy TepUTOpiro. MeToan, BUKOPUCTAaHI B [IbOMY JOCIIDKEHHI U1 aHaJi3y 300pakeHb TUCTaHIIHHOTO 30H{yBaHHS
Ta MOJBOBUX IEOJIOTTYHUX JOCHIPKEHb, MOXYTh OyTH YCIIIIHO BUKOPUCTaHI B aHAJIOTiYHUX perioHax JIisii.

Knrouosi cnosa: Jlisis, oucmanyiiine 30H0Y8aHHs, YUPPOSUL pervedh, TiHeameHmu, TIMono2iune KapmyeanHs, ae-
POMazHIMHU, iHme2payis OaHUX.

BHecoK aBTOpIB: BCi aBTOPW 3p06MIM PiBHUIT BHECOK Y L0 po6OTY Hagijiiwna 12 keiTHa 2023 p.
MpwitHaTa 13 TpasHa 2023 p.
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