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This study aimed to identify characteristic properties of bedrock mineralization in the
Vetreny Poyas Ridge, Russia, and develop an automated model to forecast gold-sulfide
and gold-sulfide-quartz ore deposits based on geophysical and geochemical data
integration. The research employed a combination of remote sensing, digital terrain
modeling (DTM), geophysical potential fields, and discriminant analysis. Machine
learning algorithms were applied to detect patterns in geodynamic zones, structural
formations, and mineral occurrences. The chain fraction method was utilized for analytical
continuation to enhance the predictive model’s resolution. The findings confirmed that
gold-sulfide mineralization correlates with discordant intersections of geodynamic zones
and structural features. The predictive model successfully localized several high-potential
mineral zones in the central and southeastern parts of the study area. Geochemical testing
verified these findings, with significant gold anomalies aligning with predicted zones. The
study demonstrates the potential of integrating Al-driven models with geophysical and
geochemical data for enhanced mineral exploration. This method improves the accuracy
of predicting mineralized zones in complex geological environments and can be adapted

for use in other regions.

1. INTRODUCTION

In recent years, the exploration and prediction of bed-rock
mineralization have emerged as pivotal challenges in the field
of economic geology, underpinning the quest for sustainable
and efficient resource extraction [1]. Traditional geophysical
and geochemical exploration methods, though widely used,
often fall short of accurately forecasting the spatial distribution
of ore anomalies. Many existing studies have employed
classical methods such as remote sensing and geological
mapping, but the predictive power of these techniques is
limited by the inability to fully integrate complex geological,
geochemical, and geophysical data in a cohesive manner.

This challenge is particularly pronounced in regions with
complex geological environments, such as the Vetreny Poyas
Ridge, which was selected as the focus of this study. The
ridge’s intricate structural formations, shaped by a dynamic
tectonic history, present a formidable test for traditional
exploration techniques. This region, characterized by
significant faulting, magmatism, and deformation, requires a
more advanced approach to accurately predict mineralization
patterns. However, accurately predicting the location of these
deposits remains a challenge due to the region's heterogeneous
and discontinuous tectonic features. By addressing the
limitations of conventional methods, this study introduces an
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innovative approach that integrates Al-driven models and
advanced geophysical data processing to more precisely map
these complex mineral systems [2]. Tectonically, the
experimental test site considered in this work is confined to the
suture zone of the Belomorsky and Karelian geological blocks
of the crystalline basement. With such a tectonic position, the
leading geostructural elements of the studied territory are the
East Karelian geodynamic zone formed in the Lower
Proterozoic era by a family of inherited and age-varying rift-
related synforms and the Sumozero-Kenozero greenstone
complex of the Upper Archean era, represented by separate
trough formations. In the conditions of deep discontinuous
tectonic deposits and the background of regional granitization,
here, in the range of 3.2-2.4 billion years, there have been
several stages of basaltic-ultrabasic magmatism [3] associated
with the possible gold ore specialization of the territory of the
Vetreny Poyas ridge and its surroundings. In the geological
section, one generally observes steeply falling contacts of
structural and material complexes of different ages,
overlapped by monoclinally overlying Cenozoic deposits.
This complexity introduces significant uncertainty in the
prediction of mineralization zones, as the spatial distribution
of minerals is influenced by a myriad of interrelated geological
factors that are difficult to quantify and model [4, 5]. While
advances in remote sensing, data processing, and
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computational modeling have provided new tools for mineral
exploration, these technologies also come with limitations [6].
High-resolution data can be costly and time-consuming to
acquire, and the computational demands of processing large
datasets and running complex simulation models can exceed
the available resources [6, 7].

Through this research, we contribute to the field by
presenting an innovative solution to the multifaceted challenge
of predicting bed-rock mineralization. Thus, the purpose of
these studies was to determine the patterns in the system of a
priori known bedrock occurrences and gold deposits
previously identified in the vicinity of the experimental
landfill, for extrapolation of gold-prospective areas within the
boundaries of this test site based on the noted patterns. Within
the framework of the stated goal, we solved the
methodological problem of the systematic organization of the
tested methods of qualitative and quantitative interpretation,
as well as related concepts and physical analogies used in both
geological exploration and engineering and geological
projects [8-10].

Unlike previous efforts, which have largely approached
these challenges in isolation, our methodology harmoniously
integrates geophysical, geochemical, and environmental data
through a cutting-edge computational platform. This platform
not only streamlines the analysis of complex datasets but also
introduces a novel, Al-driven approach to pattern recognition
within geological data, significantly enhancing the accuracy of
mineral localization predictions [11]. This research moves
beyond isolated analyses of mineral occurrences by
harmonizing diverse data sources through a computational
platform designed to enhance the accuracy and efficiency of
mineral localization. By employing machine learning
algorithms to recognize patterns within geodynamic and
structural data, this study offers a breakthrough in the
automation of mineral exploration [11].

Following this introduction, this article unfolds in a
structured manner, initially outlining the methodologies
employed for integrating geophysical and geochemical data,
followed by a detailed presentation of our findings and their
implications for mineral exploration. Conclusively, we reflect
on the significance of these insights within the broader context
of geological research and propose directions for future
studies, emphasizing our contributions to advancing mineral
prediction techniques [12].

2. RESEARCH SIGNIFICANCE

The significance of this study lies in its innovative
integration of geophysical and geochemical data through
advanced computational models, markedly enhancing the
precision of mineralization predictions. By addressing the
spatial complexity and heterogeneity of geological formations
with a novel, Al-driven approach, our research offers
significant improvements over traditional mineral exploration
methods.

3. MATERIALS AND METHODS

The initial matrices of potential fields were formed by
referring to the planetary database of geophysical data publicly
available at usgs.com and wdmam.org The detailing of several
matrices was possible due to additional digitization of the
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1:1,000,000 scale geophysical basis. Within the experimental
test site, students conducted clarifying large-scale assessments
of potential fields with equalization of multi-time and multi-
scale data based on the methods used [13, 14] within the
framework of an internship at the NWGGC Geocomplex LLC.
The geological basis was formed based on the analysis of the
works of the aforementioned authors, several published
generalizations of the last twenty years, as well as the
geological basis of scales 1:200,000 and 1:1,000,000
published in open access at vsegei.ru. A special emphasis is
placed on the formation of the geological reference of the
experimental test site in determining the position of gold ore
bedrock occurrences and deposits, the clarification of which
was facilitated by interaction with the management of
NWGGC Geocomplex LLC. Considering the noticeably
discretized digital models of geophysical fields, the
generalized nature of the geological basis, and the remoteness
of gold ore occurrences and deposits from the test site noted
above.

According to the totality of joint interpretative assessments
of a qualitative and quantitative nature, the accuracy of
geostructural tracking on a remote basis in combination with
DTM is up to the first meters, whereas for geophysical fields
it is the first hundreds of meters [15].

As for the research methods, we note the need to use remote
data analysis in combination with DTM at different scale
levels at the first stage of interpretation [16-18]. This should
involve processing the area outside the experimental test site
to trace geostructural features correlated with a priori-
specified gold ore reference samples. The next stage was to
define parametric pattern recognition with training. The
possibility of using regional digital models of Digital
Orthophoto (DO) and Digital Terrain Model (DTM) in spatial
connection with geophysical fields allowed us to refine the
results of decoding potential and non-potential geofields by
discriminant analysis [19].

3.1 Quantitative interpretation

Quantitative interpretation is a critical aspect of the study,
aiming to translate complex geophysical data into actionable
insights for mineral exploration. This process involved the
calibration of multi-scale geophysical data with known
geological formations, allowing for the extrapolation of
mineralization zones. The data from remote sensing and digital
terrain models (DTM) [20] were combined with geophysical
potential fields to quantify the relationships between structural
features and mineral occurrences. The method follows well-
established geophysical principles for identifying potential
zones of mineralization [7], which provide a basis for
correlating geophysical anomalies with known geological
structures.

3.2 Discriminant analysis

In this study, discriminant analysis was employed to
differentiate between regions with and without mineralization
potential, using geophysical and geochemical field data.
Discriminant analysis, as described by Alahgholi et al. [15], is
a statistical technique used to classify observations into
distinct groups based on a set of predictor variables. For this
research, it was applied to geophysical fields (such as gravity
and magnetic anomalies) and geochemical markers, allowing
us to draw clearer boundaries around areas of mineralization



potential. By training the model on known mineral deposits,
we were able to predict the likelihood of gold ore occurrences
in unexplored regions of the experimental test site. The
discriminant function was derived using a training dataset of
known gold occurrences, and a threshold probability of 0.35
was selected based on maximizing the accuracy of
classification.

Like multi-scale decoding, discriminant analysis allows the
extrapolation of prospective sites for gold mining to the limits
of the experimental test site [17]. In addition to trained
recognition, we utilized reference-free methods with
established markers to detect mountain massif permeability
zones. Comparing morpho-structural forecasts and reference-
based recognitions, promising gold mining areas were
identified, showcasing varied alignments with predictive
markers [21-23].

Against the background of general descriptions of
recalculations applied to commercial software, as well as
scientific publications describing the analytical continuation in
a general, operator form, we focused on three approaches: the
Berezkin method, the Ermokhin chain fraction method, and
GRAD technology. Among these three approaches, GRAD
technology has been developed for the quantitative
interpretation of the gravitational field. Our experience shows
that it is also applicable for the recalculation of the magnetic
field AT,, but it gives a representative result (from the point of
view of the geostructural image) only after reduction AT, the
pole [24].

3.3 Chain fraction method

The chain fraction method was used for the analytical
continuation of geophysical fields, which is essential for
accurately predicting the depth and extent of subsurface
structures. This technique, commonly utilized in geophysical
exploration [25], involves breaking down complex
geophysical signals into smaller, manageable segments
(fractions), which can then be analyzed separately. By doing
so, we were able to enhance the resolution of our predictive
models, particularly in regions where the geology is highly
discontinuous. The method was especially useful in refining
the depth profiles of magnetic and gravitational fields,
allowing for more precise tracking of ore-controlling
structures [26].

4. RESULTS

Considering the previously noted metasomatic genesis of
gold-sulfide and gold-sulfide-quartz ore occurrences, their
attraction to the family of disjunctive breaks, which in our case
have a relatively strict north-eastern extension, can be
considered natural.

These disjunctive breaks surround the geodynamic zone of
the north-western extension, to which intrusions of the basic
and ultrabasic composition are confined [27, 28]. According
to the tectonic scheme (Figure 1a), the geodynamic zone of the
north-western extension refers to structures with shear
kinematics, while sub-orthogonal disjunctive zones mark local
stretching zones that control the areas of ore discharge.

In the vicinity of a separate penetrative rock, these
stretching zones form local quasi-periodic structures, and
within each of them, the spatial increment between
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neighboring gold ore reference samples varies from 3 to 6km
(Figure 1b). The quasi-periodic groups of gold ore reference
samples are organized into quasi-periodic families, confined
to the disjunctive areas of the sub-meridional and north-
northwest extension, where the spatial increment is 60km or
more. In addition to the recording of already known structural
features, the operation of multi-level lineament decoding in
Figure 2 illustrates the multi-scale parametric decoding of
potential and non-potential geofields, emphasizing the spatial
distribution of lineament structures and their correlation with
regional geodynamic zones. At the small scale (1:2,500,000),
the red contours outline the broad geophysical features, while
medium-scale (1:500,000) adjustments enhance the resolution
of localized disjunctive tectonic structures. The yellow
contour at a detailed scale (1:50,000) highlights the
experimental test site's geodynamic framework. These
structural insights are crucial for identifying areas of increased
permeability associated with potential mineralization. The
mapping of ring structures happens in strict correlation to the
areas of discordant intersection of geodynamic zones of
different extensions, which allows for the marking of the area
of increased permeability and associated local hydrothermal
substitution with the designated ring structures [29].

(a) Tectonic scheme
LEGEND
Metallogenic zone of Wind Belt

Proterozoic metallogenic subzones
- Pulozerskaya-Shardozerskaya

. - Oshtomozersko-Undozerskaya

Sumozero-Kenozero metallogenic zone
Archean metallogenic subzones
@ - Kamennoozersko-Ukhtozerskaya

. - Kozhozerskaya

".\ Interfaces:
- The border separating the Belomorsky
N\ and Karelian geoblocks
- Boundary of structural-metallogenic zone

s Boundary of structural-metallogenic subzones
4. Boundary of Kozhozero dome structure generating

the distribution of ore-metallogenic zones and nodes
*~ - Boundary of shear zones outcropping on pre-Quatemary

surface

- Geological fractures of different rank

(b) Geological basis with the designation of ore reference
samples

o

Figure 1. Primary extra-scale geological, structural, and
tectonic basis in the vicinity of the experimental test site



(b)

Figure 2. Multi-scale parametric decoding of potential and
non-potential geofields for the studied territory, highlighting
lineament structures and geodynamic features

In the case of geoblock zoning, we used the calculation of
the autocorrelation radius of geophysical potential fields in a
sliding window, and the presence of obvious similarities in the
final schemes allowed us to implement zoning according to a
set of features based on the previously noted K-mean method
(Figure 3). On the different-scale zoning schemes, two
dominant stretches of the geostructural plan discussed earlier
are manifested, namely, the north-western (shear), as well as
the north-eastern (shear and separation), which surrounds it
and is clearly subordinate to it. The sorted lineament structures
from Figure 2 emphasize this feature, as well as the
manifestation of the ring structure in Figure 3b, on the
periphery of which the experimental test site is located.

Figure 3 presents geoblocking zoning results under varying
scale conditions. At smaller scales (Figure 3a), the data
highlight the attraction of gold ore reference samples to the
boundaries of geoblock structures, with dominant structural
stretches exhibiting a northwestern (shear) and northeastern
(shear and separation) orientation. As the scale increases
(Figure 3b), the local areas of high spatial variability become
apparent, particularly near the experimental test site. These
results are consistent with the deformation ellipsoid model
(Figure 3c), which elucidates the spatial relationships between
shear fractures and mineralized zones. Such multi-scale
analyses are instrumental in identifying promising zones for
mineral exploration.

As for the position of gold ore reference samples when
zoning on the smallest scale (Figure 3a), one can see the
obvious attraction of these reference samples to the boundaries
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of geoblock structures. When the scale is enlarged in Figure
3Db, this pattern persists, but there is a clarification: near the
boundaries of the experimental test site, gold ore objects are
marked with areas with a large number of closely spaced areal
structures, which marks local areas of increased spatial
variability of geofields. Such sites should a priori mark objects
promising for a certain grade of fossil mining [30, 31]. Similar
sites are observed in the central part, on the south-western and
north-western flanks of the experimental test site (Figure 3b).
Against this background, the decryption scheme in Figure 3b
captures the stretching of geodynamic zones, the morphology
of which shows an amazing similarity with the model of the
shear structure obtained based on the physical model of the
deformation ellipsoid (Figure 3c).

Turning to predictive schemes, we will again apply the
variation of scales, as shown in Figure 2, and the results of
morpho-structural schemes are shown in Figure 4.

SCALL. km
—

Note: The experimental test site is marked with a white contour; endogenous
ore reference samples are marked with white asterisks) and considering the
deformation ellipsoid model.

(b) Under conditions of scale variation: medium

-

Teai'Off f—ractufe

(c) Shear fractures and separation fractures in conditions of
right-hand shift

Figure 3. The result of geoblocking zoning of the studied
territory
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Figure 4. Morpho-structural analysis showing ore-
controlling equidistant structures at varying scales

Figure 4 depicts the morpho-structural prognosis,
employing the concept of ore-controlling equidistant
structures. Quasi-periodic families of endogenous ore

reference samples (Figure 4a) demonstrate spatial regularity
within discordant zones. At medium scales (Figure 4b),
extrapolation of these structures delineates areas with high
mineralization potential, particularly along the southeastern
flank of the experimental site. The observed ring structures
further suggest localized hydrothermal activity, providing
critical insights for prospecting mineral-rich zones.

The morpho-structural analysis presented in Figure 4
highlights the connection between discordant intersections of
geodynamic zones and the predicted prospective geological
bodies. These intersections control the spatial regularity of
known gold ore occurrences. The predicted prospective areas
were defined through the combination of small-scale (Figure
4a) and medium-scale (Figure 4b) analyses, where discordant
zones marked by shear and separation structures correspond to
areas with high mineralization potential [26].

Moreover, the structural mapping of lineaments, such as
those depicted in Figure 4b, highlights areas of increased
permeability and hydrothermal alteration. These areas are
known to facilitate the concentration of mineral deposits,
particularly in the vicinity of discordant zones. The connection
between these structures and known gold mineralization is
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further supported by historical fieldwork, which has confirmed
the presence of ore-bearing formations in similar tectonic
settings [1, 8].

Considering the fact of spatial regularity manifested in the
system of these GDZ, we extrapolate them according to the
structure of the DTM and AT, into the boundaries of the
experimental test site. The predicted gold-prospective objects
are located mainly on the south-eastern flank of the test site,
which corresponds to the preliminary assessment obtained at
the zoning stage. By increasing the scale (Figure 4b), we
clarify the position of the objects prospective for gold mining,
determining the area of priority confirmation in the northern
part of the south-eastern flank of the test site, and the second
confirmation stage in the southern part of the south-eastern
flank and its central part. As can be seen from the comparison
of Figure 4b with Figure 3b, the objects of the first and second
stages of confirmation coincide with the areas of increased
variability of the complex (geoblock) image of geofields [26].

.-"' b b

* - reference ore objccls
L7- contour of area of interpolation
- investigated arca
I - 20% chance of ore finding
- 35% chance of ore finding

(@)

0.0 285 57.0

I o

Legend
e reference ore objects

Scale, km

0.0 104 208

B - 20% chance of ore finding
- 35% chance of ore finding
B - 45% chance of ore finding

(b)



i AT5=0.1798
cond.units|

£ 4000 |

(©)

Figure 5. Results of pattern recognition for geophysical
fields at different scales, showing forecast halos and
prospective mineralization zones with 3D depth verification

Figure 5 summarizes the results of Al-driven pattern
recognition applied to geophysical fields. At the regional scale
(Figure Sa), forecast halos with probabilities ranging from
20% (blue) to 35% (orange) correspond to identified
geodynamic zones. Medium-scale reconstructions (Figure 5b)
refine these predictions, with red halos (45% probability)
aligned with known mineralized zones. A three-dimensional
depth-converted magnetic field model (Figure 5c) verifies the
predicted prospective zones, marked in purple, within
northwest-trending linear structures. The integrated approach
demonstrates a robust capability for forecasting mineralization
patterns in structurally complex areas.

Pattern recognition with training (Figure 5) has been
performed, first of all, at the level of a regional survey for
inclusion in the analysis of samples for all known reference
objects of the central part of the Vetryanoy Poyas.

Figure 5a shows forecast halos derived from spectral
channels of remote imaging, gravity, and magnetic fields, with
probability levels assigned to prospective areas. The
transformation results identify several prospective zones with
different probabilities of detection, ranging from 20% to 45%.
To support the correspondence between geophysical field
transformation and prospective areas, additional geochemical
verification was performed. As seen in (Figure 5b, the regions
of higher probability (marked with red halos) correspond to
areas of abnormal gold concentrations in secondary halos and
placer samples collected from the study site. These areas also
coincide with zones where the transformation of magnetic
fields reveals deep-seated fault structures that are typically
associated with mineralization [32].

Due to the significant spatial diversity of these reference
objects, the statistical moments of the reference samples vary
greatly in the area shown in Figure 5a, which, in particular, is
indicated by the specifics of the geoblock reconstruction in
Figure 3a. Nevertheless, the placement of the experimental test
site between the ensembles of ore reference samples allows us
to assert the representativeness of the forecast halos within its
limits. At the level of medium-scale reconstruction (Figure
5b), we detail the primary forecast with an increased
probability of detection: according to the ratio of regional
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prognostic halos with a 35% or more probability of detection
and medium-scale prognostic halos with a 45% or more
probability of detecting a gold ore object, we highlight the
southern part of the southeastern flank of the experimental site
and its central part, which corresponds to the result of morpho-
structural forecast.

5. DISCUSSION

The mineralization observed in the Vetreny Poyas Ridge is
consistent with the broader geological context of the
Fennoscandian Shield, which is renowned for its rich deposits
of precious metals, including gold and nickel. The complex
tectonic history of the Belomorsky and Karelian blocks has
facilitated the formation of gold-sulfide and gold-sulfide-
quartz mineralization, particularly in regions associated with
rift-related synforms and disjunctive structures. The repeated
phases of basite and ultrabasite magmatism during the
Proterozoic and Archean eras created favorable conditions for
ore deposition through hydrothermal processes. This research
contributes to the understanding of these mineralization
processes by validating the role of geodynamic zones as
critical factors in ore formation [33].

Legend

B - 20% chance of ore finding
- 35% chance of ore finding
I - 45% chance of ore finding

Scale, km

_— — -
0.00  4.05 8.10

Note: using data from NWGGC Geocomplex LLC): blue, red and yellow areas
are the result of recognition with training (see Figure 5).

1: a complex geochemical anomaly;

2: an area of abnormal gold content in secondary scattering halos;

3: anomalous gold fields with detailed estimates in the basal horizon.
The numbers in rectangles are the recommended sequence of detailed ground
confirmations.

Figure 6. Geochemical verification of parametric forecast
results

As part of additional assessments of the structural control of
the predicted gold ore development at the test site on a large
scale, we are implementing a depth conversion by the AT,
chain fraction method. Algorithmically, the recalculation is
carried out according to a system of profiles whose extension
is sub-orthogonal to the dominant (north-western) extension of



the mapped geostructural plan [34-36]. The selection of
isosurfaces is focused on visualizing the similarity of the
geostructural plan, the elements of which would be spatially
correlated with the position of most of the areas where gold
occurrence was predicted. As can be observed from Figure 5,
in the selected is surfaces of the deep image of the magnetic
field, a largely segmented structure of mainly sub-latitudinal
and northwestern extension is visualized, on the flanks of
which five of the six selected objects prospective for gold
mining are located. Special attention is paid to the objects
located in the central part, as well as in the southern segment
of the southeastern flank of the test site. Combining the results
of all previous stages of qualitative interpretation allows us to
speak about the principal prospects of the central part and the
south-eastern flank of the test site, as we initially assumed, and
now we have parametrically justified it (Figure 6).

These findings align with the work of Zhang et al. [4], who
similarly employed a multi-scalar approach to identify
prospective mineral zones in the Tongling Cu(-Au) District in
China. Zhang et al. [4] also used a combination of geophysical
and geochemical datasets to parametrize prospective
mineralized zones, highlighting the significance of fault-
related structures in guiding mineralization. In both studies,
the use of remote sensing and Al-driven models was critical in
refining the predictions, although the application of pattern
recognition in the current study offers a more automated,
scalable approach to mineral exploration.

Similarly, Lunkomo and Parfait [37] applied geostatistical
methods in Iran's Bardaskan area to detect anomalous
geochemical elements associated with mineralization.

In substantiation of the performed forecast, we used data
from litho-geo-chemical tests, as well as further interpreted by
us within the framework of the prognostic formulation of the
problem described above [38]. These data are based on the
analysis of the alluvial sediment placer samples in the channel
part of surface multi-rank watercourses, implemented to map
the features of gravitational separation and mechanical
dispersion of gold and associated minerals [38-40]. Testing
was carried out to a depth of no more than 1m with an
increment varying within the first hundred meters. In addition,
sampling on the outputs of pre-quaternary rocks with

inductively coupled plasma-atomic emission spectrometry
(ICP-AES) quantitative analysis has been implemented [41-
43]. According to the structure of the final scheme (Figure 6),
we have the position of a complex gold halo combining placer
samples with a gold content of more than 100mg/m?, litho-
chemical samples of secondary scattering halos with a gold
content of more than 100mg/t, as well as samples of bottom
sediments with a gold content of 80 to 100mg/t, coinciding
with the position of one of the promising objects,
parametrically localized by us in the central part of the
experimental test site (Table 1).

Additionally, Talapatra [43] in the work on concealed
mineral deposits, highlighted the value of combining litho-
chemical data with geophysical field data for predicting gold
prospects. Their study demonstrated that arecas with
overlapping geophysical anomalies and high gold
concentrations in secondary halos are prime targets for mineral
exploration. Similarly, in our study, the presence of elevated
gold content in secondary scattering halos and bottom
sediments aligns with prospective objects previously
identified by our geophysical models. However, the automated
pattern recognition method employed here allows for a more
efficient processing of large datasets, a significant
improvement over the manual and semi-automated techniques
used by Talapatra [43].

The second prospective object of the central part of the test
site falls only in the area of abnormal gold content in the
samples of secondary scattering halos (more than 100g/t). The
prospective object situated in the southern part of the
southeastern segment of the test site is located on the eastern
flank of the complex halo and is characterized by a gold
content in samples of secondary scattering halos up to 10mg/t.
The prospective object of the northern part of the southeastern
segment of the test site correlates with anomalous gold fields
detected during detailed work in the basal horizon, as well as
with the gold content in samples from secondary scattering
halos up to 30mg/t. A prospective object in the northwestern
segment of the experimental test site, manifested in the results
of pattern recognition with training, but displayed in the family
of other verification parameters in a mediocre manner; no
geochemical confirmation.

Table 1. Indicators of the prospects of local sites of the experimental test site in Figure 6

Prospective Characteristics of a Complex Geochemical

Probability of Detection,

According to Formal Geostructural Markers

Site No. Anomaly Recognition with
Training
- gold content in lithochemical samples of secondary
scattering halos from 7 to 100mg/t; - Gravitates to the zone of deep crust-
1 - gold content in the placer samples up to 50mg/m3; from 20% to 45% mantle faults (according to gravimetric
- the presence of abnormal gold fields in the basal data).
horizon.
- gold content in lithochemical samples of secondary . Lc;]cated on the fea_therm% far?lt of tf;\e
scattering halos from 4 to 50mgl/t; north-eastern ext_ensmn of the north-
2 - . 20% western  extension  shear  structure
- the presence of abnormal gold fields in the basal di — logical and
horizon (accor. ing to a priori geological an
' tectonic foundations).
;C?i?tﬁiﬁonggrgslprc::;hgctge{ggﬂ /sta mples of secondary - Gravitates to the area of intersection of
3 9 gt . from 20% to 45% deep crust-mantle faults of different
- the presence of abnormal gold fields in the basal . di . icd
horizon. extensions (according to gravimetric data).
- gold content in lithochemical samples of secondary - Placed on the edge seam of through-cr_usy
4 from 20% to 35% deformations (according to a priori

scattering halos up to 10mg/t.

geological and tectonic foundations).




This research demonstrates the effectiveness of the chain
fraction method in enhancing the resolution of geophysical
field data, enabling precise predictions about the depth and
extent of mineralized zones. The success of the model in
accurately predicting the spatial distribution of gold
mineralization in the central and southeastern parts of the
study site suggests that this approach could be scaled to other
regions with similar tectonic settings [44].

6. CONCLUSIONS

This study successfully demonstrated the potential of
combining geophysical, geochemical, and Al-driven
techniques to predict mineralization zones in the Vetreny
Poyas Ridge. By integrating remote sensing data, Digital
Terrain Models, and geophysical field transformations, we
identified several promising gold-sulfide and gold-sulfide-
quartz mineralization zones, particularly in the central and
southeastern parts of the experimental test site. The application
of discriminant analysis and the chain fraction method allowed
for accurate differentiation between mineralized and non-
mineralized regions, while the use of Al pattern recognition
streamlined the process, significantly improving the efficiency
of mineral exploration efforts.

Prognostic schemes for endogenous mineralization give a
representative predictive result in the context of the complex
nature of assessments. In our case, the postulate of aggregation
was expanded to include heterogeneous parametric estimates
for the same geofields, as well as representative physical
analogies and/or physical and geological models of a genetic
or ore-controlling nature in the forecast.

In terms of the primary quantitative characteristics of
geological and geophysical features, there is a chronic
shortage of data during such surveys, which determined the
structure of the formed multidimensional matrix of digital
models of geofields, including DO, DTM, and two potential
geophysical fields. The fact that at the first stage of
quantitative interpretation, we identified prospective objects,
most of which received further parametric and geochemical
verification, shows that in the absence of geophysical fields,
predictive schemes can also be made based on signs with less
regulated access.

However, while the results are promising, there are several
limitations to the current study that must be acknowledged.
limitation lies in the reliance on Al-driven pattern recognition,
which, while efficient, is constrained by the dataset on which
it was trained. Further fieldwork and calibration are needed to
ensure the model can adapt to new regions beyond the Vetreny
Poyas Ridge, ensuring that predictions remain accurate in
areas with different tectonic or mineralogical characteristics.

Also future research should aim to extend the Al-driven
pattern recognition model to other geologically diverse regions
to test its generalizability. By applying the model in regions
with different geological settings-such as greenstone belts or
volcanogenic massive sulfide deposits-researchers can
evaluate its robustness and refine it to accommodate varying
structural features.
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