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SATELLITE IMAGERY
APPLICATION FOR SEARCHING
BURIED INTRUSIVE STRUCTURES

Introduction. At the current stage of information technology development, methods for remote sensing have been
increasingly used for mineral exploration.

Problem Statement. Significant capital intensity of geological works for intrusive bodies search when the
crystalline basement is overlapped by a thin sedimentary cover requires the implementation of advanced methods
that, on the one hand, allow reducing the costs of exploration and, on the other hand, enable increasing the
accuracy of objects identification.

Purpose. The development of methodological framework for the application of remote sensing data to identify
prospective areas in search of buried intrusive bodies.

Materials and Methods. Medium (Landsat, Sentinel) and high (WorldView) resolution optical satellite
imagery data in the thermal infrared and visible ranges of the electromagnetic radiation spectrum; radar satellite
data (SRTM), multispectral aerial survey data obtained by unmanned aerial vehicles; methods for structural
interpretation, digital terrain model analysis, results of field thermometry have been used in this research.

Results. A few prospective sites for the search for buried intrusions within the Hubkivska and Anastasivsko-
Bolyarska squares of the Novohrad-Volynskyi block of the Ukrainian Shield, regardless of the geophysical data,
have been identified. These objects were later confirmed by detailed geomagnetic suroeying and drilling. Within
the detected thermal anomalies, several small (60—120 m long and 30—50 m wide) dikes have been detected.
Four of the 5 wells drilled have confirmed the presence of dike bodies, and 1 well enters the fracture zone. In other
areas, where detailed geophysical survey was carried out within the detected thermal anomalies, new dike bodies
have been discovered

Conclusions. The developed technique may be used as an additional tool in geological prospecting.

Keywords: thermal satellite imagery, thermal anomaly, structural interpretation, unmanned aerial vehicle,
buried intrusions, and diamond content.
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The use of modern satellite data in combina-
tion with obtained by UAV multispectral aerial
imagery in forecasting and search for buried in-
trusive structures as possible containers of kim-
berlite (lamproite) rocks is an extremely promi-
sing area of modern technological process of mi-
neral prospecting in Ukraine. The development of
new advanced and the improvement of the exis-
ting methods and approaches for remote sensing
data analysis in combination with the conven-
tional geological and geophysical survey signifi-
cantly increase the efficiency and cost-effective-
ness of exploration works aimed at identifying
prospective sites with manifestations of buried
intrusive bodies.

The main source of remote sensing data, in this
research, are as follows: satellite images obtained
in the thermal infrared range of the electromag-
netic radiation spectrum by sensors TM (satel-
lites Landsat 4, Landsat 5), ETM + (Landsat 7)
and TIRS (Landsat 8), multispectral images of
high (WorldView 1—3) and medium (Sentinel 2)
resolution, digital elevation models (DEM) ob-
tained through processing of radar satellite data
(SRTM) and aerial imagery from UAV. The study
also includes structural interpretation by proces-
sing of multispectral satellite data in visible range,
analysis of digital elevation models with ground
truth measuments (including field profile ther-
mometry). A detailed technological diagram for
the use of remote sensing data in the search for
buried intrusive structures is presented in Fig. 1.

The technique is mainly based on thermal in-
frared data processing with futher analysis of
land surface temperature distribution, the theo-
retical foundations of which for the search for
minerals were laid in the 1970—1980s. In Ukraine,
the theoretical and methodological foundations
of using infrared, mainly aerial imagery in geolo-
gical mapping and mineral prospecting, in parti-
cular geothermal water, oil and gas, were develo-
ped by V.I. Lialko, L.D. Vulfson, M. M. Mytnik,
Z.M. Shportiuk and others [1—5]. Due to diffe-
rent thermophysical properties, the temperature
of rocks in intrusions will be different from host
rocks, which allows them to detect and contour
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the body of the intrusion on the land surface. In
addition, this method allows to identify tectonic
faults of different rank with active fluid flow.

Surface temperature analysis. Long wavelength
infrared satellite data is provided in integral digi-
tal values called digital numbers (DN) that shall
be recalculated into radiance value. To perform sur-
face temperature estimation per pixel (T) of map-
ped area, the inverse Planck radiation formula is
used [6—7]: .

2
D)
ML
wherec, =1.191-10"" W perm? c,=1.439-10*m- K
are radiation constants, ¢ is land surface emissivi-
ty, A is electromagnetic radiation wavelength, and
Ls is surface radiance.

Except the actual thermodynamic temperatu-
re, Planck's equation contains another unknown
variable — emissivity, which can be derived from
visible and near-infrared (NIR) satellite imagery
by calculating normalized vegetation difference
index (NDVI) and vegetation projective cover.
Thus, in order to increase spatial resolution of the
resulting image of surface temperature distribu-
tion, two different satellite dataset can be used (vi-
sible and NIR data from the first one and long-
wavelength data from the second one), while both
of them shall be obtained in similar weather con-
ditions and the time period between two dates of
scanning shall very short [8].

The temperature of the Earth’s daylight sur-
face depends on a number of factors, including
landscape features, weather, relief, etc., thus to
identify the probable endogenous thermal im-
pact on it, we analyzed long-term time series of
remote sensing data to determine constant in ti-
me and space temperature anomalies. The RXD
algorithm (RX anomaly detector) and the sliding
window method were used for calculation of ano-
maly values per pixel. The first one is based on
the detection of spectral differences between the
region to be tested and the entire image and the
magnitude of the anomaly calculated in the RXD
algorithm is the Mahalanobis distance to the
mean value of the whole image spectral signa-
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Fig. 1. Process flowchart for satellite data application in searching buried intrusive structures

tures. That is, the anomalies are most distant va- | with integer values of anomalies in each pixel.
lues from the mean value with taking into ac- | The standard RXD algorithm implements a filter

count the correlations between the spectral bands, | specified by:
which in our case are multitemporal thermal ima-

ges. The result of the calculations is an image Spxp (1) = (r— )" K7y (r— ),
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Fig. 2. An example of comparing surface temperature anom-
alies detected in different ways and creating a final carto-
graphic model. The Bolyarka site constant in space and time
anomalies of surface temperatures detected: A — by RX
anomaly detection algorithm, B — by sliding window method,
C — definition of anomaly contour

where 7 is the sample vector, p is the sample mean,
and K, , is the sample covariance matrix [9—10].

The second method involves determination
the difference of pixel brightness within the de-
fined subset of data from given array — the sli-
ding window. The size of the window is set manu-
ally in pixels and shall match the size of the search
object, i.e. the intrusive body. In our case, it was
5 pixels by 5 pixels, which corresponds to 150 m
by 150 m on the land surface — the approximate
size of the search object — diatreme or dike. The
end result of processing is an image that displays
the ratio between the brightness of pixel groups
of the given window size and the background.

The results of the temperature anomalies iden-
tification by both methods on the example of Bo-
lyarka area are presented in Fig. 2

As additional information to detect anomalous
areas of land surface temperature, a time series for
a period of 34 years has been analyzed. This time
series is a linear trend of increasing temperature
based on temperature values for each year image
included in. The trend is built separately for each
pixel, which allows one to track in detail the dy-
namics of temperatures for individual small areas
over a certain period of time.

Structural interpretation, DEM analysis (mor-
phodynamics analysis). The main purpose of
structural interpretation is to identify structural
and tectonic units: faults, rock-fracture zones,
folds and block structures with which geodyna-
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mic zones can be associated. In satellite images,
the units of the structural framework can be re-
flected in the form of spectrometric and textural
anomalies, linearly extended or arcuate (linea-
ments) and oval or round with central symmetry
(ring structures) [11]. Interpretation is carried
out visually on the basis of landscape-indication
and contrast-analogue approaches or automati-
cally with the subsequent manual adjustment of
machine processing result. The most difficult part
in the process of interpretation is to identify pro-
bable areas of manifestation of blocks tectonic dis-
placement and magmatism. The areas of the in-
tersection of subregional (2 km wide and several
hundred km long) lineaments, which also coinci-
de with the detected temperature anomalies of the
land surface, are particularly interesting. These
areas are a priority for further ground truth works.

Morphodynamics analysis of the relief allows
distinguishing its’ elementary surfaces with rela-
tively stable characteristics (slope, hill aspect),
watershed lines, thalwegs, contours of erosion
basins, which makes it possible to model the fea-
tures of lithomasses lateral flows and their direc-
tion [12]. The results of morphodynamics analy-
sis, on the one hand, serve as additional infor-
mation for the structural interpretation, as crys-
talline basement relief is partially reflected in the
daylight surface relief because of the thin sedi-
mentary cover and on the other hand allows lo-
cating the most suitable sites for further heavy
mineral concentrate sampling. The lines of ter-
rain framework are obtained automatically by
machine processing of the already mentioned di-
gital elevation models.

Field inspection, ground truth measurements.
The main purpose of field measurements is to
study landscape physical parameters within the
detected anomalies of land surface temperature.
This stage includes ground measurements of the
land surface temperature and rejection of those
areas where it is significantly affected by anthro-
pogenic activity and natural exogenous proces-
ses, in particular microrelief with a predominance
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of south-facing slopes, soil moisture, saturation
with organic residues etc. The measurement is
carried out with a digital probe thermometer, py-
rometers, and a professional thermal image de-
vice from 6 00 to 9 00 a.m., when the sun eleva-
tion angle is small as compared with other day-
light period, which decreases the effect of the
solar radiation on land surface temperature. For
that aim, profiles were built — straight lines on
the land surface, which are a set of measurement
points with geographical coordinates taken by
GPS device. The measurement profile shall ex-
ceed the boundaries of remotely detected anoma-
ly, and the temperature values obtained outside
them are considered as the background values. If
the temperature within the anomaly increases, in
comparison with the background or trend line,
the anomaly is considered confirmed.

As a result of the study, on the basis of the de-
veloped technique, the new original information
on tectonic structure of particular areas and sites
of the north-western part of the Ukrainian shield
has been received. According to the results of a
comprehensive analysis of geological, geophysi-
cal and remote sensing data, several areas with
abnormally high and constant in time values of
land surface temperature have been identified.
They have been interpreted as areas within which
the development of buried intrusions is predic-
ted. In particular, within the Hubkivska and Anas-
tasivsko-Bolyarska squares, regardless of geophy-
sical data, a few objects (Bolyarka, Korda, Mala
Hlumcha, and Paranino) have been detected. La-
ter, these results have been confirmed by detailed
geomagnetic surveying and drilling. Within the
detected thermal anomalies, several small (60—
120 m long and 30—50 m wide) dikes have been
confirmed. Four of the 5 wells drilled have con-
firmed the presence of dike bodies, and 1 well en-
ters the fracture zone (Fig. 3). In other areas,
where detailed geophysical survey was carried
out within the detected thermal anomalies, new
dike bodies have been discovered (Fig. 4). Detai-
ling of geophysical data in other areas, in parti-
cular in Marynin square, is expected.
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Fig. 3. Identification of new intrusive bodies within tem-
perature anomalies. The Bolyarka site: A — Thermal anoma-
lies (green contour corresponds to medium intensity; red
contour corresponds to maximum intensity) on the back-
ground of the previous geomagnetic survey map; B — New
dike bodies detected within the contour of surface tempera-
ture anomalies. The numbers on the maps are wells that have
entered the dike bodies and the fracture zone

Seale 1:5000

Fig. 4. Detection of new intrusive bodies within thermal
anomalies. The Korda site: A — Thermal anomalies (green
contour corresponds to medium intensity; red contour cor-
responds to maximum intensity) on the background of the
previous geomagnetic survey map; B — New dike bodies de-
tected within the contour of surface temperature anomalies

According to the results of the research, it can
be stated that the classic methods of geological
and geophysical survey, which are widely used in
the search of primary sources of diamond con-
tent, have received another additional methodo-
logical tool in form of the study of land surface
temperature distribution and terrain structural
features, based on remote sensing data analysis.
Of course, the proposed technique of satellite im-
agery application in the search for buried intru-
sive structures and its methods, in particular field
thermometry, require further improvements. This
includes justification for choosing the optimal
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season and time for temperature measurements,
improvement of procedure of soil temperature
measurement (depth, time interval, resolution en-
hancement, corrections for soil moisture, etc. Ho-
wever, this technique can be used as a basis for
similar studies in other promising areas and sites
of the Ukrainian Shield, to search for both dia-
mond-bearing rocks of kimberlite-lamproite com-
position, and other minerals associated with ig-

The research has been conducted at Scientific
Center for Aerospace Research of the Earth of the
Institute of Geological Sciences of the National
Academy of Sciences of Ukraine on the compe-
titive topics of National Academy of Sciences of
Ukraine within the framework of the Nationwi-
de Mineral Resources Base Development Program
of Ukraine for the Period until the Year 2030.
Approved by Law of Ukraine of 21 of April 2011

neous rocks of buried intrusions.

N 3268-VI (R&D projects).
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METO/INKA 3ACTOCYBAHHS MATEPIAJIIB KOCMIYHOT 3TIOMKU
[TPU ITIOMIYKAX IIOXOBAHUX IHTPY3NBHUNX CTPYKTYP

Beryn. Ha cygacroMy etani po3BuTKy iH(MOpPMAIiITHUX TeXHOJIOTIH MeToan AUCTaHLiiHOTrO 30HAyBaHHa 3emui ([ 13) Bce
yacTilie 3HaXOATh CBOE 3aCTOCYBAHHS B KOMILJIEKCI TIOLUIYKOBUX T€0JIOTTUHUX POOIT.

IIpo6aemaTuka. 3HayHa KaliTAJIOEMHICTD F€OJOTTYHUX POOIT AJIs MOLIYKY iHTPY3UBHUX TiJl B YMOBaX MEPEKPUTTSI KPHC-
TAIYHOTO (DYHAAMEHTY MAJIOMOTYKHUM OCaJ0BUM YOXJIOM BUMAra€ BIPOBA/KEHHS] HOBUX METO/IB, 1110, 3 OHOTO GOKY, 110-
3BOJIMIIU O 3HUBUTH BapTICTh IIOUIYKOBUX POOIT, @ 3 IHIIOTO — MiABUIIMTH TOYHICTH iAeHTH]IKAL{T T01IYKOBUX 06 €KTIB.

Mera. Po3po6ka METOAMYHIX TIPUHIIUATIB 3aCTOCYBaHHS AaHuX /(33 /711 BUSABIECHHS TIEPCTIEKTUBHUX AISTHOK Ha TOTITY -
KM [IOXOBaHMX IHTPY3UBHUX TiJL.

Marepianu Ta MeToau. /[jis IpoBeieHHS 1OCIi/[PKEHb BUKOPUCTAHO JIaHi ONTHYHOI CYITyTHUKOBOI 3HOMKU B TEIJIOBO-
My (iHdpauepBOHOMY) i BUIMMOMY Jialla30HaX eJEeKTPOMArHiTHOrO criekTpy cepennboro (Landsat, Sentinel) ta Bucokoro
(WorldView) pospisuenns, nani pagapHoi cymyTHIKoBoi 3iioMkn (SRTM), mani 6araTocrekTpanabHol aepo3iioMKy 3 Ge3ITi-
JIOTHUX JITAJIBHUX arapaTiB, METOM CTPYKTYPHOTO AemudpyBaHHs, IUMPOBOTO aHaTi3y perbedy, pe3yabraTi MoJbOBOI
podiTpHOI TerToMeTpii.

Pesyabratu. BujiisieHo psii epCIEKTUBHUX AIISTHOK JIJIS TIOIIYKY TIOXOBaHUX 1HTPY3iil B Meskax [yOkiBebKoi Ta AHacTa-
ciBebko-Bousipenkoi mwioi Hosorpaa-Bomnutcebkoro 6soky Yipaincsbkoro muta (Y1I1), He3asiexHo Bix qanux reodbisnusux
nocaigkenp. i 06’€KTH B OAAIBIIOMY HiATBEPIKEHO IeTalbHIMU MarHITOMETPUYHUMU POOOTaMU i GYPiHHAM. Y MesKax
BUSIBJIEHUX TETJIOBUX aHOMAJI TiATBep/KeHo Hu3Ky HeBesnkux (60—120 M 3aBgoB:xkn Ta 30—50 M 3aBIIUPIIKN) Aali0K.
3 npobypeHux I'sITH CBePAJIOBUH YOTUPU i ATBEPANIIN AAiiKOBI Tijla, a OfHA CBEP/JIOBUHA YBINIIIA Y 30HY TPIIMHYBATOCTI.
Ha inmux gingHKax, e B MeskaX BUSBJIECHUX TEIJIOBUX aHOMAJIiil 6le0 TIPOBEIEHO /IeTalbHi Teo(hi3NUHi TOCTII;KeHHS, BUSB-
JIEHO HOBI JIaliKOBI TiJIa.

BucHoBku. Po3po6iieHy METOIMKY MOKHA BUKOPUCTOBYBATHUCS SIK JIOJATKOBUI iIHCTPYMEHT HPU Ie0JIOr0-TI0IIYKO-
BHX poboTax.

Kunwouwosi croea: TenyioBi cynyTHUKOBI 3HIMKY, TENJIOBA aHOMAJIsl, CTPYKTYPHA iHTeprpeTaltist, Ge31iIOTHUIT JTiTaabHuUiT
arapar, 3aX0BaHi BTOPTHEHHS, BMICT aJIMa3iB.
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