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Abstract. The purpose of the work is to demonstrate the possibility to clarify and correct medium-scale geological maps
of precursors (scale 1:200000-1:50000) using low-altitude unmanned aerial geophysical survey which is the fastest and low-
cost method of obtaining geological and geophysical data. A quantitative assessment is given to the more accurate identification
of the location of geological boundaries and potential ore-bearing structures of the Sukhoi Log type. The first stage of geological
study of the area involved obtaining the data from low-altitude unmanned gamma and aeromagnetic surveys. The survey results
were prepared, interpolated, visualized, and, finally, subjected to geological and geophysical interpretation. Lineaments of the
highest and lowest values, as well as the maximum gradients were identified in the magnetic field while the areas with the least
variability at the lowest values and positive anomalies were identified in the gamma field. Interpretation and cross-comparison
of the specified data allowed to compile new geological maps of the day surface and pre-Quaternary formations without any
ground geological survey but based on the ideas about the geology of the region and characteristic differences in the physical
properties of rocks. Taking into account regional stratigraphic and structural search criteria, two sites promising for gold minera-
lization were identi-fied in the studied area. It is shown that the known geological boundaries in these areas are shifted relative
to the real ones by 100—1400 m (on average by 300 m), which is a significant error both in terms of mining and drilling operation
planning and general correct understanding of the geological situation. The results obtained are typical for the projects aimed
at gold exploration in the Bodaibo District of the Irkutsk region. The results of the study allow to conclude that the express and
inexpensive method is useful for the specification of the position of geological and promising ore-bearing structures in the area
under investigation, as well as for similar areas in nearby licensed areas and other sites of the Bodaibo synclinorium.
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FEOPUN3NKA

HayuyHas ctaTtba
YOK 3179

NMpuMeHeHne KOMMNIeKCHON ManoBbLICOTHOM 6eCcnUNOTHOMN
asporeonsanyeckon CbeMKU Ansi YTOYHEHUA cpefHeMacLlTabHbIX
reonornyeckmnx KaptT boganbuHCKOro CUHKNMHoOpUs

B.A. CaBYyeHKo?™
aUpkymckul HayuoHarnbHbIl uccriedogamernbCKull mexHuyeckul yHusepcumem, Mipkymck, Poccusi

Pesrome. Llenbio paboTbl ABNAnacb 4eMOHCTPALMSA BO3MOXHOCTM 0ObEKTMBM3ALMN U KOPPEKTUPOBKM cpegHeMacluTab-
HbIX (1:200000—-1:50000) reonormyeckux KapT NpeaLecTBEHHUKOB C NMOMOLLb0 Hanbonee GbICTPOro 1 AOCTYMHOMO Me-
To4a MOJSyYeHUs reonoro-reon3nNYecknx AaHHbIX — MaroBbICOTHOM GeCnUNOTHOM reomanyeckon cbemkn. beina gaHa
KONMMYeCTBEHHAs OLeHKa MOBbILLEHNS TOYHOCTU (PUKCALMM MONOXEHUSI F€ONOrMYECKMX rpaHuL, U NOTEeHUManbHO pyao-
BMELLAIOLLMX CTPYKTYP CyXOMOXCKOro Tuna. Ha nepBon ctagmmn reonornyeckoro n3yyeHus nnowann nonyyeHbl AaHHbIe
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MarnoBbICOTHbIX BECMUMOTHBIX raMMa- U a3poOMarHUTHON CbeMOK. PesynbraTtbl Oblnyv MOAroTOBMEHbI, MPOUHTEPMNONUPO-
BaHbl, BU3yanu3npoBaHbl, @ 3aTeM MOABEPrHYTbI reonoro-reouanyeckon nHTepnpetaumm. B mariutHom none Bbigene-
Hbl MMHEAMEHTbl HAMOOMbLUMX U HAMMEHbLUNX 3HAYEHWI, a Takke HanbomnbLUMX rPagueHToB, B ramma-none — obnactu
HaVMeHbLLEN U3MEHYMBOCTM MPU HAMMEHbLUMX 3HAYEHUSIX U MONOXUTENbHble aHoManuu. B pesynsrate nHTepnpeTtauum
N NEePEKPECTHONO COMOCTABIEHUS yKa3aHHbIX AaHHbIX (6e3 NpoBegeHUsT HA3EMHOW reofiorM4eckon CbeMKU) COCTaBIEHbI
HOBbIE reosiormyeckme KapTbl AHEBHOM NOBEPXHOCTU U A0YETBEPTUYHBIX 0Opa3oBaHMI, OCHOBaHHbLIE HA NpeacTaBNeHMaX
0 reonorny pernoHa u XxapakTepHbIX pasnuunsax rU3nYecKkmx CBOMCTB ropHbIX nopog. C y4eToM pernoHanbHbIX cTpaTurpa-
PUYECKNX N CTPYKTYPHBIX MONCKOBBIX KPUTEPMEB Ha M3y4aeMOMl NIoLaan BbiAENEHO ABa NEPCMNEKTUBHbIX HA OOHapyxe-
HMe 30510TOro opyaeHeHus ydacTtka. [okasaHo, YTO U3BECTHbIE reorIorM4Yeckne rpaHnLbl Ha HUX CMEeLLLEHbl OTHOCUTENBHO
peanbHbix Ha 100-1400 m (B cpeaHem Ha 300 M), 4YTO sIBNSIETCS BECbMa CYLLECTBEHHOM MOrpeLLIHOCTbIO Kak C no3uuumn
NNaHNPOBaHMS TOPHbIX U BypoBbIX paboT, Tak 1 ¢ NO3nLUKN 0BLLErO NPABUMBLHOTO NMOHUMAaHWUSI FEONOMMYECKON CUTyaLmK.
Mony4yeHHbIe pe3ynbTaTbl TUMUYHBI 1S NMPOEKTOB MO NMOUCKY MECTOPOXAEHWI 3oroTa B boganbuHckom panoHe VipkyTckoi
obnacTtu. Ntorn nccnenoBaHnsi NO3BONSAIOT cAeNaTh BbIBOA O NMOME3HOCTM IKCMPECCHOW Y HELOPOTo METOAMKM AN YTOY-
HEHMS NONMOXEHNSI reornorMYecknX U NoTeHUManbHO PYAOHOCHbBIX CTPYKTYP M3y4YaeMOon NioLaau, a Takke Ans aHanormy-
HbIX 0OCTAHOBOK Ha GriManexalynx MUEH3MOHHBIX NMOLWAaAsX U APYrnx ydacTkax boaanbuHCKOro CMHKNMHOPUS.

Knroveenle cnoea: becnunotHas MarHMTopassefka, GecnunoTHasa raMma-cbemka, pyoHoOe 3050T0, CyXOJ'IO)KCKVII;I ™n,
NMOWUCKN PYOHbIX MECTOPOXAEHWI, MHTepNpeTaumnsa reomandecknx JaHHbIX

BriazodapHocmu: ABTOP BblpaXxaeT NpU3HaTENbHOCTb 3@ MOMOLLb B MPOBEAEHUM HACTOsILLEN paboTbl Konneram M3 uH-
ctutyta «Cnbupckas Lwkona reoHayk» VIpKyTCKOro HaLMOHanbHOro MCccneaoBaTenbCkoro TEXHUYECKOro yHUBEpCUTETA
n NHctuTyTa reoxummnm um. A.T1. Bunorpagosa CO PAH.

Ansa yumupoeaHusi: CaByeHko B.A. lNpumeHeHMe KOMMIEKCHOW ManoBbICOTHOM 6ecnunoTHOM asporeodmanyeckon
CbEMKU AN YTOUYHEHUSI cpegHeMacLUTabHbIX reonornyeckux kapT boganbuHckoro cuHknuHopus // Hayku o 3emne u He-
aponornb3oBanue. 2024. T. 47. Ne 4. C. 389-399. https://doi.org/10.21285/2686-9993-2024-47-4-389-399. EDN: WRZDYU.

Introduction

Russia, unlike many other countries, is char-
acterized by complete state of regional geological
exploration of its territory. Nevertheless, the limits
of scale levels of this exploration are 1:200000,
in the best case — 1:50000. In order to design and
conduct modern prospecting (especially mining)
works, which are usually carried out on a scale
of 1:10000 and larger, the information and car-
tographic basis of the corresponding level is re-
quired. Since nowadays prospecting works are
realized mainly in difficult areas, often remote
from infrastructure, there are questions about in-
creasing the speed and reducing the cost of the
early stages of geological study of areas at the
stage when the feasibility of significant expen-
ditures on geological exploration works has not
yet been confirmed. Often prospecting areas are
characterized by low exposure of bedrock due to
permafrost, kurum and other obstacles that make
geological mapping difficult. In this regard, the reli-
ability and accuracy of geologic boundaries on the
available medium-scale maps are questionable,
and additional geologic traverses may take con-
siderable time, but do not provide a significant in-
crease in information relative to the predecessors.
The possibility of obtaining objective data on the
geological structure of areas even in the absence
of bedrock outcrops is provided by some methods
of geophysical exploration, in particular, magne-
tic, gravity, radiometric. In the last 8-10 years, the
technologies of unmanned geophysics (performed

with the help of unmanned aerial vehicles (UAVs))
have been rapidly developing [1-7], which make it
possible to quickly and easily obtain data on areas
with difficult pedestrian accessibility, at least in ar-
eas of tens of square kilometers, that is, having the
size corresponding to an average licensed area.
Data for such an area can be obtained in just a few
days, potentially allowing hypotheses to be tested
and existing information on the geologic structure
of the sites to be refined with minimal financial and
time investment. However, the question arises as
to how fast remote geophysical methods without
the organization of lengthy geological survey work
can solve the problem of accurate and reliable
geological mapping of new areas. In fact, it can be
formulated as follows: to what extent at the early
stage of geological exploration at present it is pos-
sible to do without field geologists, at least in those
areas where their work is likely to be very difficult?
The purpose of this study was to investigate the
possibility and demonstrate the effectiveness
of correcting the geological maps of the predeces-
sors, significantly clarifying the boundaries of geo-
logical formations and structures of prospecting
areas solely on the basis of remote sensing data
using low-altitude UAV methods of magnetic and
gamma-ray survey without any surface work. The
geological conditions of the Bodaibo synclinorium,
promising for the discovery of new lode gold de-
posits, were assessed [8—13].

The hypothesis of the study was that at the
study site, as well as in the region under consider-
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ation as a whole, it is possible to use detailed, fast
and cheap methods of UAV geophysical surveys
to clarify the geological boundaries and position
of stratigraphic units and structures promising for
gold mineralization without conducting on-land
geological mapping. In case of successful proof of
the above possibility, the early stage of geological
exploration can be significantly optimized, as indi-
vidual gold prospecting licenses in the area usu-
ally have an area of 20-50 km? and, due to their
small size, can be surveyed using UAV methods
with minimal logistics costs without any problems.

Materials and methods

The work considers a typical site within the Bo-
daibosynclinorium,includingoneofthe mostprom-
ising geological formations of this region [11, 14],
namely, the upper pack of the middle sub-forma-
tion of the Aunakit Formation. Accurate mapping
of the boundaries of this unit is of primary inter-
est for prospecting [15, 16]. For this purpose,
a low-altitude UAV airborne geophysical survey
(magnetometry and radiometry) was conducted
in the area, the results of which were analyzed
and subjected to geological-geophysical interpre-
tation.

To perform low-altitude surveys, the SibGIS
UAS complex — a multirotor-type unmanned aerial
vehicle with a POS family magnetometer on the
suspension and a scintillation gamma-ray radi-
ometer was used. The characteristics of the com-
plex and the methodology of surveying, including
in the conditions of the Bodaibo region [14], are
described in detail in sources [1, 7]. Let us note
the most important aspects, such as the absolute
character of the magnetometer channel measure-
ment with sensitivity in hundredths of nanotes-
la and absence of the need for software filtering
of any interference to achieve precision accuracy
of measurements and surveying with precise pass-
ing round of the terrain. They allow obtaining data
with the accuracy necessary for the production
of detailed maps of the transformant field, so that
due to the accurate height retention the obtained
information-mapping materials can be correct-
ly interpreted without additional corrections. The
survey height in this case was 40 m above the
ground under the magnetometer sensor (44 m un-
der the gamma-radiometer sensor), the frequency
of gamma-field dose rate measurements was

| 2024;47(4):389-399

0.5 Hz, for the magnetic total field it was 2 Hz, which
made it possible to obtain data with a spatial reso-
lution of about 4—5 m for the magnetic and 15-20 m
for the radiometric channels.

The methodology complied with the main
provisions of the “Methodological Recommen-
dations for Low-Altitude Aeromagnetic Survey,
2018”"[17], the requirement to comply with which
is imposed when conducting high-precision sur-
veys. The terrain passing round is provided by
following the pre-created digital terrain model.

As a basis for geological-geophysical interpre-
tation of the magnetic and radiometric surveys,
the data of predecessors on the geological struc-
ture of the site according to the 1:50000 scale
map were used (Fig. 1). Six subformations of four
Upper Riphean and Vendian formations are dis-
tinguished: Aunakit (R;au,), Vacha (R,v¢,, RyvE,),
Anangra(V,an,,V,an,),and Dogaldyn (V,dg,)[17].
They are represented by meta-sedimentary
rocks of greenschist facies — silty and carbona-
ceous shales, siltstones, quartzites, sandstones
and their interlayering [18]. All contacts are con-
formable and are distinguished by changes in the
granulometric or mineral composition of rocks or
in the proportions of their interbedding. The rocks
deposited in compressed, almost isoclinal folds
with sublatitudinal strike of steeply dipping axes.
The dip of the flanks within the area ranges from
30 to 70°. According to a priori data, the thick-
ness of the formations ranges from 100 (Vacha)
to 500 (Anangra) meters.

Thus, at this site it is possible to estimate the
increase of information from the use of UAV sur-
vey at the site with the maximum level of regional
geological study (1:50000), while most often in
the Russian practice it will be at best at the level
of 1:200000.

Processing and interpretation of UAV-geo-
physical data was realized according to the fol-
lowing graph:

— making variation corrections to magnetic
survey data;

— removal of service parts of routes (flights to
and from the surveying area);

— interpolation and construction of digital
models of initial fields;

— calculation of transformants and construc-
tion of the following set of cartographic materials:
map of magnetic field values; map of magnetic

" Parshin A.V., Tsirel V.S., Rzhevskaya A.K. Guidelines for low-altitude aeromagnetic surveys (Russian Federal Agency for
Subsoil Use, 2018) — the main points and the authors’ comments // GeoBaikal 2018. P. 1-7. https://doi.org/10.3997/2214-

4609.201802012.
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Fig. 1. Geological map of predecessors:
1 — modern alluvial sediments; 2 — glaciolacustrine sediments; 3 — glacial, aqueoglacial sediments;

4 — Dogaldyn formation,lower subformation: sandstones, beds of siltstones and shales; 5 — Anangra formation,
upper subformation: sandstones, beds of shales; 6 — Anangra formation, lower subformation: interbedding of shales
and sandstones; 7 — Vacha formation, upper subformation: shales, sandstone beds; 8 — Vacha formation,
lower subformation: shales; 9 — Aunakit formation, upper subformation: sandstones, interbedded silty shales
Puc. 1. leonozuyeckasi kapma npedwecmeeHHUKO8:

1 — cospeMeHHbIe ansneuarnbHbIe OMITOXKEHUST; 2 — 03€PHO-TT€0HUKO8bLIE OMITOXEHUST;

3 — nedHuUKo8bIe, B0OHO-TIEOHUKOBbIE OMIIOXKEHUSI; 4 — do2arnobiHCKas ceuma, HUXHSS nooceuma: rnecyaHuku,
rpocsiouU anesposiumos U craHues; 5 — aHaHepckasl cauma, 8epxHsisi nooceuma: rnecyaHuKU, rMpPocsiou CraHues;
6 — aHaHepcKasi cauma, HUXHSISI modceuma: rnepecnausaHue criaHyes U rnecyaHuKkos; 7 — eayckasi ceuma,
8epxHsisi modceuma: criaHubl, MPOC/IoU MecHaHUKo8, 8 — sadyckasi ceuma, HUXHSS modceuma: criaHubl;

9 — ayHakumckasi ceuma, 8epxHsis nodceuma: rnecyaHUKuU, rnpocsiou arnespumosbix CiaHyes

field pseudo-relief; map of horizontal magnetic  materials were interpreted. Figure 2 shows a map
field gradient; map of gamma radiation dose rate. ~ of magnetic total field values superimposed on

In addition, a satellite image of the site anda  a magnetic pseudo-relief with different azimuths
topo map at a scale of 1:50000 were used, visual-  of illumination corresponding to different strike
ization forms were selected, and the cartographic  of structures (visual and contrast combination).

0 500 1000 m A2
||
60318
Magnetic
total
field, nT
59563

A1

Fig. 2. Map of magnetic field anomalies with lineaments:
1 — lines of maximum gradients; 2 — lines of maximum values; 3 — lines of minimum values
Puc. 2. Kapma aHomanutli Ma2aHUMHOR20 0JIs1 C JIUHeaMeHmamu:
1 — nUHUU MakcuMarbHbIX 2padueHmos; 2 — IUHUU MakKCcuMaribHbIX 3Ha4eHuUl; 3 — TUHUU MUHUMasbHbIX 3Ha4eHul
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Fig. 3. Graph of the magnetic total field modulus along the profile A1-A2 with preselected value ranges
Puc. 3. Mpacghuk Modynst Hanpsi>xeHHOCMU Ma2HUMHO20 MoJisi Mo npogusro AT-A2
¢ npedeapumesibHO 8bl0e/IeHHbIMU Ouana3oHaMu 3Ha4yeHul

Other important sources of information were the
profiles of the magnetic pseudo-relief across the
structures (Fig. 3) and the map of magnetic field
gradients.

As a result of comparative analysis of the avail-
able geological map and objective magnetic survey
data, the vector layers of the geological map were
transformed. The interpretation was based on a set
of previously obtained data both on geological and
petrographic parameters of formations of the area
and on the results of interpretation of magnetic and
radiometric survey data [1, 8-11, 14].

0 500 1000 m A2
|

A1

First of all, all lines of the largest field gradi-
ents and extremals of the largest and smallest
values were drawn. According to the greatest
readability, contrast and mutual complemen-
tation of these three types of lineaments, new
inferred geologic boundaries were constructed.
Between them, a number of lines, consistent
with the assumed boundaries and, apparently,
reflecting the internal structure of the folded rock
layers, horizons of separate, relatively contrast-
ing in magnetic field rock differences, were iden-
tified (Fig. 4).

60318

Magnetic
total
field, n'T

59563

Fig. 4. Map of magnetic field anomalies with lineaments of the maximum
magnetic total field gradients and extrema lines of the highest and lowest values:
1 — lines of maximum gradients; 2 — lines of maximum values; 3 — lines of minimum values
Puc. 4. Kapma aHomanuli Ma2HUMHO20 1oJIsi ¢ JIUHeaMeHmaMu Haubonbuwux 2padueHmos
HanpspKeHHoOCMuU MoJis U JIUHUSIMU 3KCMpPeMyMoe8 Haubo1bWux U HauMeHbWUX 3Ha4eHul:
1 — NUHUU MaKcuMarsbHbIX 2padueHmos; 2 — JIUHUU MakCcuMarsbHbIX 3Ha4eHul; 3 — MUHUU MUHUMAaslbHbIX 3Ha4eHul
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In the course of the study, four lines of change
in values (mostly downward), gradients, and
shapes of field structures partially distinguished
in the relief were traced. Presumabily, these are
faults with displacement amplitudes that are in-
significant on the map scale (when crossed, these
structures do not cause visible displacements ei-
ther for each other or for the selected folds). The
disturbed belts, fracturing and disjunctive dislo-
cations indicated on the map by predecessors
(mostly parallel to the strike of the formations) are
not detected in the magnetic field.

The magnetometric profile was used to de-
termine the boundary values of the ranges and
amplitudes of magnetic field variations (see
Fig. 3) characteristic of the most reliably mapped
geologic formations. The southwestern fragment
of the geologic map was chosen as a reference
area of this type, where, unlike other fragments,
the boundaries best corresponded to the struc-
tures observed in the magnetic field and identified
at the previous stage. The number of areas with
a relatively monotonous field coincided with the
number of mapped units, and the boundaries of
the former and the latter were at a distance of up
to 250 m, so the areas of the previously mapped
and newly identified by magnetic data bedrock
outcrops showed an overlap of 50 % or more.
Based on this correspondence, the magnetic geo-
logical boundaries were delineated in the refer-
ence southwestern section and then extended to
the north-northeast, where another sub-formation
not observed in the south was delineated on the
basis of unique values. The results of the analy-
sis showed that the rocks of the Dogaldyn Forma-
tion are brightest in terms of the maximum values
of the magnetic total field, and the rocks of the
Anangra Formation are brightest in terms of the
minimum values. The Aunakit and Vacha forma-
tions are distinguished by two transitional ranges.

It is important to note that this approach allows
us to solve the issue of correcting the existing map,
but not the problem of compiling a fundamentally
new map, which is impossible, since the data that
would allow us to directly reliably link the physical
properties of rocks with their material composition
are currently unavailable, so it is necessary to use
at least the basic materials based on the results of
predecessors. Such a task is also complicated by
the integral character of the magnetic field, where
the absolute measured value is influenced by the
underlying rocks within the survey depth, which
does not allow us to identify strict parameters
close to petrophysical parameters [19].

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

The scheme of stratification was further mod-
ified. Figs 1—4 show that the width of outcrops of
the Vacha Formation in the a priori map does not
correspond to its proportions with the thickness-
es of the overlying and underlying formations.
As a result, the lower subformation of the Vacha
Formation, which was identified by the predeces-
sors as more monotonic in the magnetic field, was
taken as the outcrops of the Vacha Formation
proper. The upper subformation is attached to the
Anangra Formation, composed of molassoids,
unsorted and unconfined along strike metamor-
phosed clastic rocks, which in the magnetic field
can also be distinguished by the greatest vari-
ability of properties: magnitudes and amplitude of
changes in magnetic total field both in thickness
and along strike. The upper sub-formation of the
Vacha Formation, which was identified earlier, is
more likely to be related to the Anangra Forma-
tion, and its subdivision has been abolished due
to insufficient data to substantiate it. The ages of
a number of objects marked as Lower Vendian on
the existing map were also corrected: the Aunakit
and Vacha formations belong to the Upper Riph-
ean, while the Anangra and Dogaldyn formations
belong to the Lower Vendian [17, 20].

The gamma-field map (Fig. 5) was compared
with the geological map of the predecessors,
made on the basis of magnetic data of the new
map of pre-Quaternary formations, as well as with
a satellite image of the license area to identify and
verify the formations defined in the gamma-field.

Among the pre-Quaternary formations, the
Aunakit Formation of the Upper Riphean, which
is promising for the target type of mineralization
and which rocks are rich in potassium-bearing
mica that determines its increased radioactivity
due to the K isotope [14], stands out most clear-
ly in the gamma field due to its higher exposure
than in other units (Fig. 6).

According to the minimum gamma-field val-
ues, the distribution fields of the most powerful
Quaternary lake-glacial sediments, which over-
lap the bedrock and shield ionizing radiation from
them, were determined. The other formations are
not contrasted in the gamma field due to overlap-
ping of different genetic types of Quaternary sedi-
ments and lower content of radioactive elements.
Also, due to imaging at altitude, local gamma-ac-
tivity anomalies from very thin (tens to first me-
ters or less in thickness) structures — complica-
tions of folding of multiple orders characteristic of
the regional geological situation — are smoothed
out, which does not allow their reliable mapping.
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Fig. 6. Potassium anomalies in comparison with the newly identified boundary of the Aunakit formation:
1 — Aunakit formation, upper subformation: sandstones, beds of silty shales;
2 — geological boundaries of other units; 3 — suspected faults
Puc. 6. AHoManuu kanusi 8 cpagHeHuUU co 8HO8b 8bl0esIeHHOU 2paHuyell ayHakumckol ceumsl:
1 — ayHakumckas cauma, 8epxHsis nodceuma: rnecyaHuku, rMpociou anespumosbixX criaHyes;
2 — eeoriozuyeckue epaHuubi Opyaux nodpasdeneHul; 3 — npedrnonazaembie pa3pbi8HbIE HapPyWeHUSs

Results and discussion

Based on the identification of outcrops of
magnetically contrasting and monotonic rocks,
comparison of geophysical data with each other
and with the geological map of the predecessors,
bringing the areas with certain ranges of magnet-
ic properties in accordance with specific rock dif-
ferences in the area with the best convergence of
magnetic and previously mapped geological for-
mations, new geological boundaries were drawn
over the entire study area. As a result of the in-
terpretation, a map of pre-Quaternary formations
with inferred faults and a geologic map of the
daylight surface were constructed.

The new geologic model agrees better than
the previous one with the ideas about the struc-

WWW.Nznj.ru

tural geology of the area — the relationships be-
tween the geologic boundaries of the rocks of
the conformable sequence have been corrected,
the width of outcrops has been corrected taking
into account the known maximum thicknesses
of the observed layers [17]. In addition, smaller
magnetically contrasting structures (packs) were
identified within the mapped formations, which
provides additional information on the internal
structure of folded metasedimentary ore-bearing
strata in case of the transition to the next stage
of geological exploration. The Sukhoi Log-style of
gold mineralization is characterized by confine-
ment to the contacts of not only formations, but
also their sub-formations and separate packs, so
that geometrization of smaller geological bodies
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significantly increases the efficiency of detailed map corrected during the presented research.
prospecting and evaluation. The green rectangle indicates the reference area

Fig. 7 shows the comparison of the geolo- where the magnetic field lineaments and the
gic map of the predecessors and the geologic  boundaries of stratigraphic units were compared

0 500 1000 m
[

Loy [on]p [o]s [, Fadls [l v, Ells Voo

0 500 1000 m
[ S—

S

Loy [oads [o]s o, NElls e I, [ —s [--To

Fig. 7. Comparison of geological maps based on the interpretation results of unmanned aerial surveys
(with the lines of the largest magnetic field gradients):
a — predecessors map: 1 — modern alluvial sediments, 2 — glaciolacustrine sediments, 3 — glacial,
aqueoglacial sediments, 4 — Dogaldyn formation, lower subformation: sandstones, beds of siltstones and shales,

5 — Anangra formation, upper subformation: sandstones, beds of shales, 6 — Anangra formation, lower subformation:
interbedding of shales and sandstones, 7 — Vacha formation, upper subformation: shales, interbedded sandstones,
8 — Vacha formation, lower subformation: shales, 9 — Aunakit formation, upper subformation: sandstones, interbedded
silty shales; b — final map: 1 — modern alluvial sediments, 2 — glaciolacustrine sediments, 3 — glacial, aqueoglacial
sediments, 4 — Dogaldyn formation, lower subformation:sandstones, beds of siltstones and shales, 5 — Anangra
formation: interbedding of shales and sandstones, 6 — Vacha formation: shales, interbedded sandstones,

7 — Aunakit formation, upper subformation: sandstones, interbedded silty shales, 8 — suspected faults,

9 — lines of the greatest magnetic field gradients
Puc. 7. ConocmaeneHue 2e0/102u4ecKux Kapm ro pesysbmamam uHmepnpemayuu 6ecrnusiomHol cbeMKu
(c nuHuUsiMU Hau6osIbWUX 2padueHmoe Ma2HUMHOR20 MoJisl):

a — kapma rnpedwecmeeHHUKO8: 1 — CO8PEeMeHHbIE anosuarnbHbIe OMIIOXEHUS, 2 — 03ePHO-1€0HUKO8bIE OMITOXKEHUS,
3 — nNedHuUKo8ble, B0OHO-NTEOHUKOBbLIE OMIIOXeHUs, 4 — 0ozarnobiHCKas ceuma, HUXHAS nooceuma: rnecyaHukKu,
rpOoCIou anesposiumos U criaHues, 5 — aHaHepckasi ceuma, 8epxHsisi nodceuma: rnecyaHUKU, rpocsiou CraHues;

6 — aHaHzpcKasi cauma, HUXHSS nodceuma: riepecriaugaHue CriaHUes8 U rnecyaHUKos, 7 — eadckasi ceuma,
8epxHsIs1 modceuma: criaHybl, MPOCIIOU ecyaHUKos, 8 — sadckasi cauma, HUXHSIS nodceuma: criaHupbl,

9 — ayHakumckasi ceuma, 8epxHsisi mooceuma: rnecyaHuUKuU, npPOCsIoU anespumosbix CiaHues;

b — umoeosasi kapma: 1 — cospeMeHHbIe ano8uarbHbIe OMIIOXEHUS, 2 — 03ePHO-/1€0HUKOBLIE OMITOXEHUS,

3 — nNedHuUKo8ble, BOOHO-NIEOHUKOBbLIE OMIIOXeHUs, 4 — 0ozarnobiHCKas ceuma, HUXHAS nooceuma: rnecyaHukKu,
rpOoCIouU anesposiumos U criaHuyes, 5 — aHaHepckasi ceuma: riepecsiausaHue criaHyes U rnecyaHuKkos,

6 — sayckas cauma: criaHupbl, MPOCIOU ecyaHuKkos, 7 — ayHakumckasi ceuma, 8epxHsisi nooceuma: necyaHuku,
rpociou anespumosbix criaHyes, 8 — npednonazaemble pa3pbi8HbIE HAPYWEHUS,

9 — nuHUU HaubonbWux epadueHmos8 MagHUMHO20 MoJis
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in priority. The discrepancies between the origi-
nal and corrected boundaries here are minimal
compared to the rest of the area, the distances
between them are from 0 to 240 m, on average —
100 m. The orange rectangles show the areas
where the new boundaries were shifted most
significantly, from 100 to 1400 m, with an aver-
age of 300 m. The importance of this reassess-
ment is supplemented by the fact that these map
fragments meet both stratigraphic and structural
exploration criteria for the target type of miner-
alization, and their location was shifted by up to
1 km, which is critical for the planning of further
prospecting.

Conclusion

The results obtained in the course of the study
show the possibility and expediency of using
express and inexpensive methods of UAV-geo-
physics at the early stage of geological explora-
tion. Based on the comparison of available medi-
um-scale geological materials and objective UAV
magnetic and gamma-ray data, it was possible
to map pre-Quaternary rocks, faults, and Qua-
ternary sediments. The detailed UAV magnetic
aerial survey made it possible to correct the geo-

| 2024;47(4):389-399

logic map and the position of prospective struc-
tural and compositional complexes, and the UAV
gamma survey made it possible to identify the
distribution fields of the most thick Quaternary
sediments and the boundaries of outcrops of the
promising Aunakit Formation.

Thus, low-altitude UAV geophysical methods
make it possible to quickly and inexpensively ob-
tain detailed objective data about the site, which
can be used to clarify the geological structure of
the area, identify prospective zones and make
decisions about moving to the next stage of ex-
ploration. The features used for this purpose are
universal for the regional geological situation and
are applicable to other license areas within the
Bodaibo synclinorium. The importance of this
type of work is confirmed by the fact that the lo-
cation of actual geological boundaries may differ
from their cartographic representation on 1:50000
scale maps by a distance of up to 1-1.5 km,
in connection with which the planning of expen-
sive ground surveys without preliminary objectiv-
ization of geological maps would definitely lead
to significant costs or even the failure of the pros-
pecting project due to the omission of prospec-
tive settings.
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