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Abstract

Purpose. The Demirli Cu-Mo porphyry system, hosted within Jurassic volcanic-volcaniclastic successions and spatially
associated with the Janyatag granitoid pluton (Lesser Caucasus, Azerbaijan), represents a key target for reassessing its residual
mineral potential using legacy exploration data and results from renewed exploration initiated in 2024.

Methods. We integrated legacy geological mapping and exploration datasets (1965-1989 and subsequent campaigns) with
digitized drilling and sampling archives, 1:1000-scale lithologic-structural mapping covering 1.97 km?, systematic sampling of
alteration zones and mine-related materials, reverse-circulation drilling conducted in 2024, and 3D geological modeling using
Leapfrog Geo and Micromine. Historical geophysical and geochemical datasets, including magnetic surveys, electrical methods
such as induced polarization, and lithochemical data, were used to constrain the subsurface geometry of the mineralized system.

Findings. Mineralization is concentrated within the apical and marginal domains of a multiphase hypabyssal intrusive
complex. It is localized along NW-SE- to near-N-S-trending fault corridors linked to the Gylyataq deep fault system. Hydro-
thermal alteration comprises extensive silicification (secondary quartzites) and quartz-sericite, quartz-kaolinite, and quartz-
chlorite assemblages, accompanied by stockwork veinlets and disseminated sulfides. Surface and mine-related samples com-
monly yield Cu concentrations of approximately 0.1-0.7%, with locally elevated Mo values. Legacy datasets indicate a verti-
cally extensive mineralized interval of approximately 200-300 m and a broad anomaly footprint consistent with porphyry-style
veinlet and disseminated mineralization.

Originality. The study provides an integrated reinterpretation linking intrusive evolution, structural reactivation, alteration
architecture, and 3D geological modeling, thereby refining the exploration model for the Demirli Cu-Mo porphyry system.

Practical implications. The results support step-out drilling along the principal fault corridors and within apical intrusive
and alteration domains, and identify alteration patterns that can serve as exploration vectors in resource-definition programs.

Keywords: porphyry Cu-Mo, Lesser Caucasus, Lok-Karabakh zone; hypabyssal pluton; induced polarization; hydro-
thermal alteration; stockwork; 3D geological modeling

1. Introduction processes that control magma generation and emplacement,
volatile exsolution, hydrothermal fluid circulation, wall-rock
alteration, structural permeability, and ore deposition. Con-
sequently, modern porphyry research increasingly adopts a
mineral-systems approach that integrates structural geology,
petrology, geochemistry, geophysics, drilling data, and three-
dimensional geological modeling [5]-[7].

Porphyry deposits are now widely interpreted as compo-
nents of long-lived magmatic-hydrothermal systems rather
than as isolated mineralized intrusions. They commonly form
in convergent-margin settings, where hydrous, oxidized
magmas undergo differentiation, repeated recharge, shallow-
crustal emplacement, and volatile saturation. Ore formation
may involve multiple intrusive and hydrothermal pulses,
with successive events modifying the distribution of permea-
bility, alteration, and mineralization. The resulting deposit
geometry therefore reflects the combined influence of mag-
matic evolution, structural architecture, host-rock properties,
and the efficiency of fluid and metal transport [3], [4], [7], [8].

Porphyry copper-molybdenum (Cu-Mo) deposits are the
world’s principal source of copper and an important source
of molybdenum. Their large tonnage, relatively consistent
grades, long mine lives, and suitability for bulk extraction
make them among the most economically significant mineral
systems worldwide [1]-[4]. Their strategic importance has
increased with the transition to low-carbon energy systems,
which has accelerated demand for copper in renewable-
energy technologies, electric transportation, power-
transmission networks, and energy-storage infrastructure.
Molybdenum is likewise essential for producing high-
strength, corrosion-resistant steels used in energy, construc-
tion, aerospace, and other advanced industries [1], [4].

As near-surface mineral resources become increasingly
depleted, exploration is shifting toward concealed, deeply
buried, and structurally complex porphyry systems. Identify-
ing these systems requires a detailed understanding of the
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Structural controls are especially important in shaping the
spatial organization of porphyry systems. Regional faults
may facilitate magma ascent from deeper crustal levels,
whereas subsidiary faults, fractures, intrusive contacts, and
structural intersections focus hydrothermal fluid flow at the
deposit scale. Repeated fault reactivation can generate transi-
ent permeability and promote multiple stages of veining,
alteration, and sulfide deposition. Structural analysis is there-
fore essential for reconstructing the evolution of porphyry
systems and for predicting the location of concealed minera-
lized zones [6], [7], [9].

Hydrothermal alteration provides another key record of
system evolution. Classical porphyry models distinguish
potassic, phyllic, argillic, and propylitic alteration zones, but
natural systems rarely preserve idealized concentric patterns.
Alteration assemblages are commonly displaced, truncated,
or superimposed due to repeated intrusive emplacement,
shifting fluid pathways, structural reactivation, erosion, and
lithologic heterogeneity. Distinguishing individual alteration
stages and their cross-cutting relationships is therefore neces-
sary to establish the temporal sequence of hydrothermal
processes and to evaluate their relationship to economically
significant mineralization [4], [5], [7], [10].

Recent advances in digital geological modeling have sub-
stantially improved the study of such complex systems. Three-
dimensional models allow lithologic boundaries, intrusive
bodies, fault networks, alteration domains, and mineralized
zones to be reconstructed within a consistent spatial frame-
work. In contrast to conventional maps and cross-sections,
which provide discontinuous two-dimensional representations,
modern modeling platforms can integrate field observations,
drill-hole data, geophysical results, historical exploration re-
cords, and interpretive constraints simultaneously [5], [7].

Implicit modeling is particularly valuable when geological
datasets are heterogeneous or incomplete. Geological surfaces
can be interpolated from contact points, structural measure-
ments, drill-hole intersections, and interpretive rules, enabling
rapid evaluation of alternative geological scenarios. These
models are not merely visualization products; they provide
analytical frameworks for testing geological relationships,
assessing structural controls, identifying data gaps, evaluating
uncertainty, and refining exploration targets [5], [9].

These methods are particularly relevant to mature mining
districts. Many long-explored deposits contain extensive lega-
cy datasets from multiple exploration campaigns, often col-
lected using different coordinate systems, logging standards,
analytical methods, and interpretive concepts. Although these
datasets may contain valuable information, they are commonly
fragmented across maps, reports, drill logs, cross-sections, and
geophysical archives. Reprocessing and integrating them with
modern geological concepts can substantially improve under-
standing of deposit architecture and ore-forming evolution
without relying exclusively on new drilling [5], [7].

The Lesser Caucasus is a major metallogenic province
within the Alpine-Himalayan orogenic belt. It hosts numerous
porphyry, epithermal, skarn, and volcanogenic massive-sulfide
deposits, formed during a complex geodynamic history that
spans Neotethyan subduction, island-arc development, continen-
tal collision, post-collisional deformation, and repeated magmat-
ic activity from the Mesozoic to the Cenozoic [11]-[14].

The regional tectonic evolution was controlled by con-
vergence among the Eurasian margin, the South Armenian
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Block, and adjacent microcontinental terranes during the
closure of the Neotethys Ocean. This process produced
long-lived calc-alkaline magmatism and widespread em-
placement of intermediate- to felsic intrusive complexes.
Hydrous magmas, commonly represented by diorite, quartz
diorite, granodiorite, and quartz monzonite, were emplaced
during successive tectono-magmatic episodes. Their diffe-
rentiation and repeated replenishment created favorable
conditions for volatile exsolution, prolonged hydrothermal
circulation, and the formation of porphyry Cu-Mo systems
across Armenia, Azerbaijan, Georgia, northeastern Tiirkiye,
and northwestern Iran [11], [12], [15], [16].

Regional and deposit-scale structures strongly controlled
the distribution of magmatism and mineralization throughout
the Lesser Caucasus. Deep-seated faults served as long-lived
pathways for magma ascent, whereas secondary fracture
networks and intersections of faults with intrusions con-
trolled fluid circulation and ore localization. The close spatial
association among intrusive complexes, major faults, hydro-
thermal alteration, and mineralization indicates that structural
architecture was a fundamental component of regional metal-
logenic development [12], [14], [17].

Within the Lesser Caucasus, the Lok-Karabakh metallo-
genic belt is particularly prospective for porphyry copper
mineralization. It comprises Upper Jurassic to Cretaceous
volcanic and volcano-sedimentary sequences intruded by
Late Cretaceous to Paleogene calc-alkaline plutonic and
subvolcanic rocks. Porphyry Cu-Mo deposits within the belt
are spatially and genetically associated with this long-lived
arc magmatism and commonly show evidence of multiphase
intrusive activity, extensive hydrothermal alteration, and
structurally controlled mineralization [14]-[18].

The Demirli Cu-Mo deposit lies within the Lok-Karabakh
belt and is a mature porphyry system that has been investigated
over several generations of geological exploration. Previous
work established the principal features of its lithology, intru-
sive composition, hydrothermal alteration, mineralization,
and economic potential. However, most studies examined
these components separately or focused primarily on ore
delineation and reserve estimation. Consequently, the spatial
relationships among intrusive phases, faults, alteration zones,
and mineralized bodies have not been fully reconstructed
within a single three-dimensional geological framework.

This limitation is particularly important because the
geometry of a multiphase porphyry system cannot be ade-
quately interpreted from isolated maps, drill sections, or
individual datasets. Intrusive contacts may change orienta-
tion with depth, fault zones may offset or channel mineraliza-
tion, and alteration assemblages may overlap due to succes-
sive hydrothermal events. Without integrated spatial analy-
sis, these relationships can remain ambiguous, leading to
oversimplified interpretations of deposit evolution.

The present study is based on the hypothesis that integra-
ting historical exploration data with recent geological obser-
vations and three-dimensional modeling can yield a more
reliable reconstruction of the Demirli porphyry system. The
approach combines geological mapping, drill-hole records,
structural observations, petrographic data, hydrothermal
alteration data, geophysical results, and archival exploration
materials within a unified digital environment. This integra-
tion is used to define the geometry of the main lithologic and
intrusive units, characterize the structural framework, exa-
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mine the distribution of alteration and mineralization, and
evaluate their spatial relationships.

The study’s scientific novelty lies in the first comprehen-
sive three-dimensional reinterpretation of the Demirli depo-
sit, based on a combined analysis of legacy and newly ac-
quired geological data. Unlike earlier investigations focused
on individual components of the deposit, the present work
reconstructs its lithologic, structural, hydrothermal, and
metallogenic architecture as an integrated system. The result-
ing model provides an updated interpretation of the controls
on mineralization and demonstrates the value of modern
digital modeling for reassessing mature porphyry deposits
with heterogeneous historical databases.

The methodological significance of the study extends
beyond Demirli. Many established porphyry districts world-
wide contain large volumes of underused exploration data
accumulated over decades. The workflow presented here
demonstrates how such datasets can be standardized, critical-
ly evaluated, and integrated into a modern geological model.
This approach may support renewed exploration, improve
targeting of concealed mineralization, and reduce geological
uncertainty in other mature mineral districts.

This study aims to develop an integrated three-
dimensional geological model of the Demirli porphyry Cu-
Mo deposit and to clarify the geological controls on minerali-
zation by integrating historical exploration records with recent
geological, structural, alteration, drilling, and geophysical data.

The following objectives were addressed:

1. To characterize the regional geological and metallogenic
setting of the Demirli deposit within the Lok-Karabakh belt.

2. To compile, standardize, and integrate historical and
newly acquired geological, drilling, structural, and geophysi-
cal data into a unified database.

3. To determine the relationships among intrusive evo-
lution, fault architecture, hydrothermal alteration, and
Cu-Mo mineralization.

4. To construct a three-dimensional geological model of
the principal lithologic units, intrusive bodies, structural
elements, alteration domains, and mineralized zones.

5. To develop an updated geological interpretation to sup-
port further exploration and resource assessment at Demirli
and in comparable porphyry systems of the Lesser Caucasus.

2. Study area

2.1. Regional geological framework

The Demirli porphyry Cu-Mo deposit lies within the Lok-
Karabakh island-arc zone of the Lesser Caucasus, a principal
metallogenic province of the Alpine-Himalayan orogenic belt
(Fig. 1). This region has undergone a long, complex tectono-
magmatic evolution tied to the progressive closure of the
Neotethys Ocean and the subsequent convergence between
the Eurasian continental margin and adjacent microcontinen-
tal terranes. As a result of these geodynamic processes, the
Lesser Caucasus hosts numerous economically significant
porphyry, epithermal, skarn, and volcanogenic massive sul-
fide deposits, making it one of the world’s most prospective
Cu-Mo metallogenic provinces.

The geological architecture of the region developed
through repeated episodes of calc-alkaline magmatism, crus-
tal deformation, and hydrothermal activity from the Jurassic
to the Cenozoic. Volcanic and plutonic rocks emplaced dur-
ing successive tectono-magmatic stages constitute the prima-
ry host lithologies for porphyry mineralization.
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Figure 1. Regional

Their emplacement coincided with regional shortening,
fault reactivation, and the formation of extensive fracture
systems that controlled magma ascent, the emplacement of
shallow intrusive bodies, and the subsequent circulation of
ore-forming fluids.

Within the Lok-Karabakh belt, porphyry Cu-Mo minera-
lization is closely associated with intermediate- to felsic
calc-alkaline intrusions emplaced into Jurassic volcanic and
volcano-sedimentary sequences. Numerous deposits show
evidence of multiphase intrusive activity, prolonged hydro-
thermal alteration, and repeated sulfide mineralization, indi-
cating long-lived magmatic-hydrothermal evolution rather
than single intrusive or mineralizing events.

Regional structures exerted first-order control over the
localization of mineralization. Deep-crustal fault zones pro-
vided pathways for ascending magmas, whereas subsidiary
faults and fracture systems controlled the migration of hydro-
thermal fluids and the distribution of alteration and ore
zones. The close spatial relationship between intrusive cen-
ters and major structural corridors throughout the Lesser
Caucasus demonstrates the fundamental role of tectonic
inheritance in concentrating porphyry mineralization.

The Demirli exploration area covers approximately 3 km?
in the northeastern part of the Lok-Karabakh belt (UTM
Zone 38T; WGS-84). It lies 1-3 km south of Demirli village,
and about 10 km southeast of Agdara (Fig. 2). The terrain is
rugged, mountainous, and interrupted by narrow valleys and
locally developed low-relief areas. Bedrock exposure is dis-
continuous due to Quaternary deposits, which locally ob-
scure hydrothermal alteration and mineralized zones. Conse-
quently, geological mapping alone is insufficient for reliable
subsurface interpretation, underscoring the need to integrate
drilling and geophysical datasets.
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The regional stratigraphic succession consists predomi-
nantly of Middle to Upper Jurassic volcanic and volcaniclas-
tic rocks, including andesitic, dacitic, and pyroclastic facies,
locally overlain by Lower Cretaceous carbonate sequences.
These rocks are intruded by numerous hypabyssal intrusions
genetically related to the Janyatag granitoid complex.
Throughout the district, the spatial distribution of ore occur-
rences reflects the combined influence of lithologic composi-
tion, magmatic intrusions, and regional structural architec-
ture. Particularly favorable conditions for porphyry minerali-
zation occur in the northeastern part of the Demirli district,
where extensive hydrothermal quartzites developed around
the apical portions of the Janyatag intrusive complex.

The regional geological setting is therefore typical of a
convergent-margin magmatic arc, where long-lived tectonic
activity, repeated calc-alkaline magmatism, and prolonged
hydrothermal circulation collectively controlled the deve-
lopment of porphyry Cu-Mo mineralization. This tectono-
magmatic framework provides the geological context need-
ed to understand the origin and present-day architecture of
the Demirli deposit.

2.2. Deposit geology

The Demirli Cu-Mo deposit is hosted primarily in Mid-
dle-Upper Jurassic volcanic and volcanogenic rocks, which
form the principal lithologic framework of the ore-bearing
system (Fig. 3). These rocks are locally overlain by Lower
Cretaceous carbonate deposits and are intermittently covered
by Quaternary sediments. According to previous geological
investigations, the Bathonian volcanic succession is the pri-
mary ore-hosting interval and contains most of the economi-
cally significant Cu-Mo mineralization.

124

The volcanic succession comprises tuffaceous sandstones,
volcaniclastic conglomerates, crystal and lithic tuffs, andesitic
to andesitic-basaltic lava flows, and their pyroclastic equiva-
lents. These rocks show pronounced lateral and vertical facies
variations, reflecting shifts in depositional environments and
volcanic activity during arc development. Hydrothermal alter-
ation has extensively modified the primary volcanic succes-
sion, producing widespread secondary quartzites and meta-
somatic rocks in the central part of the deposit.

Field observations indicate considerable lithologic varia-
bility throughout the deposit. In the northwestern sector, the
volcanic sequence comprises alternating beds of tuffaceous
sandstones, coarse-fragmental tuffs, volcanic breccias, and
andesitic tuff lava flows. In the southern part of the deposit,
volcanic rocks form two major volcano-sedimentary packages
dominated by agglomeratic tuffs, porphyritic andesite-basalt
lava flows, and interbedded pyroclastic deposits. These varia-
tions reflect repeated volcanic eruptions accompanied by
rapid shifts in eruptive style and depositional conditions.

The Demirli deposit is spatially and genetically associa-
ted with the Janyatag intrusive complex, the district’s princi-
pal magmatic center (Fig. 4). This hypabyssal plutonic com-
plex covers approximately 65 km? and is among the largest
intrusive bodies exposed in the northeastern Lesser Cauca-
sus. It consists predominantly of diorite, quartz diorite, gran-
odiorite, granosyenite, syenite-diorite, granite, and subordi-
nate aplite, with porphyritic varieties occurring mainly in the
apical and marginal parts of the intrusion.

Geologic mapping indicates that the intrusive complex
was emplaced during at least two principal magmatic stages.
Earlier intermediate intrusions, dominated by diorite, quartz
diorite, and syenite-diorite, form the central part of the pluton.
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Geological Map of the Demirli Cu-Mo Porphyry System, Lesser Caucasus, Azerbaijan
Jurassic volcanic-volcaniclastic units, hypabyssal intrusions, and major fault corridors
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In contrast, younger felsic phases, including granites
and granite porphyries, occur mainly along its margins
and apical zones. Numerous dykes and small intrusive bod-
ies of diorite porphyrite, quartz diorite porphyrite, syenite-
diorite porphyrite, aplite, pegmatite-aplite, dacite, and
andesite-dacite composition intrude both the volcanic suc-
cession and earlier intrusive phases. The abundance of
these bodies indicates prolonged magmatic activity and
repeated intrusion-related fracturing, which significantly
increased crustal permeability.

Hydrothermal alteration is particularly intense around the
apical portions of the intrusive complex, where volcanic and
intrusive rocks have been transformed into extensive meta-
somatic assemblages and secondary quartzites (Fig. 5). The
principal alteration types include monomineralic quartzites,
quartz-sericite, quartz-chlorite, and quartz-kaolinite assem-
blages, with quartz-sericite alteration the dominant metaso-
matic facies throughout the deposit. In many outcrops, altera-

tion zones are accompanied by pervasive silicification, py-
ritization, kaolinization, limonitization, and local hydrother-
mal brecciation, indicating repeated interaction between host
rocks and ascending hydrothermal fluids.

Ore mineralization is typical of porphyry Cu-Mo systems
and occurs predominantly as disseminated sulfides and
quartz-sulfide stockworks developed within altered volcanic
rocks and porphyritic intrusions. Chalcopyrite is the principal
copper-bearing mineral, whereas molybdenite occurs mainly
in quartz veinlets and fracture-controlled mineralized zones.
Sulfide mineralization is concentrated around the apical parts
of the intrusive complex and along zones of enhanced frac-
turing, underscoring the combined influence of intrusive
emplacement and structural permeability on ore localization.
Available exploration data indicate that copper grades com-
monly range from 0.1 to 0.7 wt.%, whereas molybdenum
occurs as localized but economically significant enrichments
that require further mineralogical characterization.

Quartz-sericite
alteration
(phyllic)

g8
/",C

Secondary
quartzites

C Secondary quartzites developed along veinlets and fracture zones.

D Field investigation of quartz—sericite alteration along a fault-controlled corridor.
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Alteration zone
(boundary)

Secondary quartzite
(zone / veinlet)

Quartz-sericite
(phyllic) alteration

Oxidized /
hematized zone

Fault / fracture
structure

Propylitic
alteration

] ==

Figure 5. Representative field photographs of hydrothermal alteration at Demirli, including secondary quartzites and quartz-

sericite metasomatites

Overall, the geological characteristics of the Demirli de-
posit indicate a close genetic relationship among Jurassic
volcanic host rocks, multiphase calc-alkaline intrusions,
hydrothermal alteration, and structurally controlled Cu-Mo
mineralization. This combination of geological features is
characteristic of mature porphyry systems and provides the
geological foundation for the three-dimensional modeling
and structural interpretation presented in this study.

2.3. Hydrothermal alteration and ore mineralization

Hydrothermal alteration at the Demirli deposit records
the evolution of a long-lived magmatic-hydrothermal system
genetically linked to the emplacement of the Janyatag intru-
sive complex. Geological mapping, drill-core observations,
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and petrographic analyses indicate that alteration affected
both the volcanic host rocks and the intrusive bodies, produc-
ing extensive metasomatic zones marked by pronounced
mineralogical and textural changes. Although the alteration
pattern generally resembles that of calc-alkaline porphyry
systems, local overprinting and structural control have pro-
duced considerable spatial variability.

The central part of the deposit is dominated by quartz-
rich metasomatites and secondary quartzites that developed
around the apical portions of the intrusive complex. Quartz-
sericite alteration is the most widespread alteration facies and
is commonly accompanied by pervasive silicification and
abundant disseminated pyrite. Quartz-chlorite and quartz-
kaolinite assemblages occur locally, whereas zones of limo-
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nitization, kaolinization, and hydrothermal brecciation de-
velop mainly within intensely fractured rocks. Together,
these alteration assemblages define the core of the hydro-
thermal system and record repeated interaction between
ascending magmatic fluids and the surrounding host rocks.

The structural framework of the deposit strongly con-
trols the distribution of hydrothermal alteration. Major
faults, subsidiary fractures, intrusive contacts, and dense
fracture networks provide the principal pathways for hydro-
thermal fluid migration. As a result, alteration zones com-
monly exhibit irregular geometries and locally overlap due
to repeated fluid circulation and successive hydrothermal
events, rather than forming idealized concentric patterns.
Similar structural control is widely recognized in mature
porphyry Cu-Mo systems worldwide.

Copper-molybdenum mineralization occurs predominant-
ly as disseminated sulfides and quartz-sulfide stockworks
hosted in altered volcanic rocks and porphyritic intrusions.
Chalcopyrite is the principal copper-bearing mineral, whereas
molybdenite is mainly confined to quartz veinlets and frac-
ture-controlled mineralized zones. Pyrite is ubiquitous
throughout the hydrothermal system and commonly accom-
panies both copper and molybdenum mineralization. Locally,
bornite, chalcocite, covellite, and secondary oxidation pro-
ducts occur in response to variations in hydrothermal condi-
tions and subsequent weathering.

Ore bodies cluster around the apical portions of the intru-
sive complex and within highly fractured zones, indicating a
strong spatial relationship among intrusive emplacement,
structural permeability, and sulfide deposition. Available
exploration data indicate that copper grades generally range
from approximately 0.1 to 0.7 wt.%, whereas molybdenum is
more irregularly distributed, with locally economically sig-
nificant concentrations. These observations confirm the clas-
sification of Demirli as a typical porphyry Cu-Mo system
characterized by stockwork mineralization and structurally
controlled ore distribution.

The close spatial association among intrusive rocks, hy-
drothermal alteration, and sulfide mineralization demonstrates
that these components form an integrated geological system.
Their geometry and relationships provide the basis for recon-
structing the deposit’s three-dimensional architecture and for
the geological modeling presented in the following sections.

3. Materials and methods

The methodological workflow combined historical explo-
ration records with geological, drilling, sampling, mineralo-
gical, and digital modeling data collected during the renewed
exploration program at the Demirli Cu-Mo deposit in 2024.
The principal objective of the workflow was to standardize
heterogeneous legacy data, integrate it with newly acquired
observations, reconstruct the deposit’s three-dimensional
geological architecture, and compare the resulting interpreta-
tion with the company’s December 2024 block-model
resource evaluation.

The historical database comprised geological exploration
information accumulated during several campaigns from the
1960s onward, including geological maps, trench and drill-
hole records, geophysical and geochemical surveys, topo-
graphic information, analytical results, and archived geolo-
gical reports. Earlier exploration included surface workings,
drilling, surface and borehole geophysical investigations,
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topographic-geodetic surveys, and laboratory studies.
Historical geological mapping of the broader district was
conducted primarily at scales of 1:50000 and 1:10000,
whereas the renewed 2024 program provided higher-
resolution, deposit-scale observations.

The 2024 field program included lithologic-structural
mapping at a scale of 1:1000 over 1.97 km?, reverse-
circulation (RC) drilling, documentation of available histori-
cal core, sampling of natural exposures and hydrothermally
altered rocks, and investigation of mine- and processing-
related waste materials. A total of 898 RC drillholes were
completed during the 2024 program, with a cumulative
drilled length of 8980 m and an average depth of approxi-
mately 10 m. Drillhole collar coordinates and downhole
inclination data were recorded for spatial integration.

The 2024 drilling and geological observations were com-
bined with historical drilling information, including data
from previous Base Metals mine operations, which were
digitized by Azerbaijan International Mining Company
Limited (AIMKL). The December 2024 mineral-resource
evaluation, therefore, represents an integrated dataset that
combines the newly acquired RC drilling with the digitized
historical mine and exploration database.

Archival geological information was converted to a digi-
tal format before interpretation. The digitization workflow
included drillhole records, geological maps and sections,
lithologic information, topographic data, and available ana-
lytical records. Historical drillhole information was recon-
ciled with collar locations, geological logs, and archived
documentation, where possible, before incorporation into the
integrated database.

Lithologic descriptions and geological terminology from
different exploration periods were standardized to enable
comparison between legacy and 2024 datasets. Drillhole coor-
dinates, inclination data, lithologic observations, alteration
characteristics, structural data, and available assay data were
then organized within a common spatial framework. Geologi-
cal sections and three-dimensional representations were pre-
pared from the standardized dataset using Leapfrog Geo and
Micromine. The project documentation records the digitization
of historical data and the preparation of geological sections
and block models as part of the renewed exploration program.

Particular attention was given to incomplete historical in-
formation. Because the available project documentation does
not describe a numerical procedure for replacing or interpo-
lating missing historical assays, no synthetic assay values
were assigned to intervals lacking analytical information.
These missing analytical intervals were treated as missing
data rather than as zero-grade samples. Geological infor-
mation from historical drillholes could nevertheless be re-
tained for interpretation when lithological contacts or struc-
tural relationships were considered sufficiently documented.
In this way, geological information was separated from ana-
lytical grade control, and unsupported grade values were not
introduced into the integrated dataset.

This treatment is particularly relevant to the Demirli
database because part of the original geochemical and ana-
lytical documentation from historical exploration cam-
paigns is incomplete. The project report notes that some
primary materials and geochemical analytical results from
earlier investigations were lost.
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The geological dataset included RC drill cuttings, availa-
ble historical drill core, surface rock samples from natural
exposures and hydrothermally altered zones, and representa-
tive mine- and processing-related materials. Surface investi-
gations focused on the principal lithologic units, secondary
quartzite and metasomatic zones, structurally controlled
alteration corridors, and visibly mineralized exposures.

Representative surface samples were also selected for
mineralogical characterization by X-ray diffraction (XRD).
For the documented XRD investigation, samples D2, D3, and
STO1 collected from the Demirli deposit were crushed and
then ground at the AIMKL chemical laboratory to a particle
size of <75 um. Approximately 15 mg of the prepared pow-
der was introduced into the sample cell for each analysis.

XRD measurements were performed on an OLYMPUS
BTX™ TII Benchtop XRD analyzer equipped with a Co
X-ray tube. The powder was mixed in the sample holder
using the instrument’s external shaking system, and the ana-
lytical run terminated automatically after 200 measurements.
Mineral phases were identified using MDI JADE 8.8 soft-
ware and the PDF-4 Minerals 2023 database from the Inter-
national Center for Diffraction Data (ICDD). The project
report also notes that using a Co tube may introduce uncer-
tainty in identifying certain Cu-bearing mineral phases;
therefore, the XRD results were interpreted primarily in
conjunction with petrographic and geological observations.

Petrographic observations were used to complement the
XRD results and to distinguish alteration assemblages that
cannot be reliably resolved by bulk mineral identification
alone. Particular attention was given to quartz-sericite,
quartz-kaolinite, and chlorite-bearing assemblages, as well as
to their spatial relationships with stockwork and dissemina-
ted sulfide mineralization.

Chemical Cu and Mo values used in the integrated geo-
logical and resource database were derived from historical
analytical records and the 2024 exploration dataset. How-
ever, the project documentation for this study does not speci-
fy the instrumental Cu-Mo assay method, analytical detec-
tion limits, or the insertion frequencies of certified reference
materials, blanks, and analytical duplicates. These parame-
ters are therefore not reconstructed here. This limitation
applies to the analytical metadata rather than to the docu-
mented XRD mineralogical procedure described above.

Operational grade control during mine planning is de-
scribed separately in the project documentation. Grade-
control sampling uses 5-m blast-hole sampling. Material is
then classified into grade groups and used by mine geolo-
gists for ore selection and grade-control mapping, in coor-
dination with metallurgical and laboratory personnel. Be-
cause this operational procedure is not equivalent to labora-
tory assay QA/QC based on certified standards, blanks, and
duplicates, it was not treated as a substitute for analytical
QA/QC in the present study.

The three-dimensional interpretation incorporated surface
mapping, drillhole geology, lithologic contacts, intrusive bo-
dies, hydrothermal alteration, structural observations, topogra-
phy, and available analytical data. Historical geophysical and
geochemical results were used as supporting constraints when
they could be spatially related to the geological framework.

Historical geophysical information included surface elec-
trical methods, induced-polarization observations, magnetic
investigations, and borehole geophysical data. These datasets
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were used to evaluate the continuity of geological and altera-
tion domains and to assist interpretation in areas with limited
bedrock exposure or drilling control. The methodology did
not rely on repeated re-description of individual TDIP acqui-
sition parameters; rather, the geophysical results were treated
as complementary constraints on the geometry of altered,
intrusive, and structurally controlled domains.

Three-dimensional geological modeling was performed
in Leapfrog Geo and Micromine. The modeling workflow
integrated surface geology, drillhole data, topography, litho-
logic boundaries, intrusive contacts, alteration domains, and
structural interpretations. Leapfrog Geo was used to visualize
drillhole distribution and the principal geological relation-
ships, whereas Micromine was used to generate geological
sections and to represent Cu mineralization within the block-
model environment. The company's project documentation
includes both Leapfrog-based drillhole models and Micro-
mine block-model sections of the western part of the deposit.

The modeling procedure was iterative. Geological con-
tacts interpreted from surface mapping were compared with
drillhole intersections and existing geological sections, and
the geometries of the main volcanic-volcaniclastic units,
intrusive bodies, hydrothermally altered rocks, and structural
corridors were then refined. Faults and intrusive contacts
were incorporated as geological controls where supported by
mapping, drilling, or geophysical evidence. Particular em-
phasis was placed on the apical and marginal parts of the
Janyatag intrusive complex and on NW-SE to near N-S
structural corridors, because these domains coincide with the
most intense alteration and stockwork mineralization.

The resulting 3D geological model was used primarily to
reconstruct the spatial relationships among lithology, intru-
sive architecture, structures, hydrothermal alteration, and
mineralization. It also provided the geological framework
against which the existing company block-model resource
evaluation was assessed.

Physical-property data were used to delineate the princi-
pal weathering and geological domains. The project report
provides the following bulk-density assignments for the main
modeled material types:

— alluvial material: 1.9 t/m?;

— oxide material: 2.3 t/m>;

— supergene material: 2.3 t/m3;

— hypogene material: 2.6 t/m>;

— dyke material: 2.6 t/m?.

These density values are consistent with additional
physical-property data reported for the principal rock
groups, with specific-gravity ranges of approximately
2.60-2.65 g/cm? for volcanic-sedimentary rocks, 2.63-2.69 g/cm?
for intrusive rocks, 2.54-2.68 g/cm? for subvolcanic facies,
and 2.48-3.25 g/cm® for contact-metasomatic and hydro-
thermally altered rocks.

The mineral-resource figures discussed in this study
were not independently recalculated by the authors from
raw assay data. Instead, they were taken from the AIMKL
December 2024 block-model evaluation, which integrates
2024 RC drilling data with historical Base Metals data
digitized by AIMKL. This distinction is important because
the available project documentation provides the resulting
block-model classification, density assignments, and eco-
nomic cut-off basis, but does not report all underlying geo-
statistical estimation parameters.



N. Pashayev, S. Ibrahimova, M. Abdulla-zada. (2026). Mining of Mineral Deposits, 20(3), 121-133

A 0.20% Cu cut-off grade was used for the reported
December 2024 mineral-resource inventory. According to
the project documentation, the selected threshold incorpo-
rates current operating costs and metal price assumptions and
was applied to a conceptual open-pit operation. The tech-
nical-economic evaluation identifies open-pit extraction as
the preferred mining method for the deposit.

Open-pit economic evaluation was also undertaken under
a copper-price scenario of approximately US$ 9000/t Cu.
At this price assumption, the optimization demonstrated a
mineable shell encompassing part of the global resource
above the adopted cut-off, supporting the interpretation that
the 0.20% Cu threshold represents a conservative basis for
the current resource assessment rather than a purely geologi-
cal mineralization boundary.

The company block-model documentation available for
this study does not specify the parent-block and sub-block
dimensions, compositing interval, grade-interpolation algo-
rithm, variogram model, search-ellipsoid dimensions, mini-
mum or maximum number of samples, or number of search
passes. Consequently, these parameters were neither recon-
structed nor assigned assumed values in the present study.
The resource figures are therefore reported as results of the
documented December 2024 company evaluation rather than
as an independently reproduced geostatistical estimate.

Mineral resource classification in the December 2024 block
model followed the principles of the Australasian Code for
Reporting of Exploration Results, Mineral Resources and Ore
Reserves (JORC Code, 2012 edition). Classification was based
on geological confidence, the spatial distribution of drilling,
and the interpreted continuity of geology and mineralization.

Measured and indicated categories represent the better-
constrained parts of the mineralized system. In contrast,
Inferred Resources were assigned primarily to peripheral
blocks, where drillhole spacing was wider and geological and
mineralization continuity were inferred from relationships
observed in the more densely investigated central area.
Blocks for which geological confidence was insufficient for
formal classification were retained as unclassified material in
the December 2024 inventory.

At a Cu cut-off of 0.20%, the December 2024 model
comprises 5.50 Mt at 0.46% Cu in the Measured category,
9.509 Mt at 0.45% Cu in the Indicated category, 27.780 Mt
at 0.37% Cu in the Inferred category, and 15.559 Mt at
0.44% Cu as unclassified material, for a total modeled inven-
tory of 58.348 Mt at an average grade of 0.41% Cu, equiva-
lent to approximately 238.97 kt of contained Cu. All tonnag-
es are reported as dry metric tonnes, and minor numerical
differences may result from rounding.

4. Results

The December 2024 block-model evaluation, using a Cu
cut-off grade of 0.20%, estimates a total residual mineral
resource of 58.35 Mt at an average grade of 0.41% Cu,
equivalent to approximately 238.97 kt of contained copper.
Stockwork-style sulfide mineralization occurs within altered
domains (Fig. 6). The reported mineral resources include
5.50 Mt of Measured Resources grading 0.46% Cu, 9.51 Mt
of Indicated Resources grading 0.45% Cu, 27.78 Mt of In-
ferred Resources grading 0.37% Cu, and 15.56 Mt of unclas-
sified material averaging 0.44% Cu.
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Figure 6. Stockwork-style sulfide veinlets formed within hydro-
thermally altered host rocks at the Demirli deposit

These estimates indicate that copper mineralization is dis-
tributed throughout a laterally continuous, vertically deve-
loped mineralized system and provide a quantitative basis for
further resource definition and for step-out drilling programs.

Historical exploration data, together with the 2024 reverse-
circulation (RC) drilling program, formed the basis for the inte-
grated geological database used in three-dimensional modeling.
The combined drilling dataset provides comprehensive geologi-
cal control over the central part of the deposit and enables re-
construction of lithologic contacts, intrusive bodies, hydrother-
mal alteration zones, and mineralized domains (Fig. 7).

Sampling of natural outcrops, mine exposures, and waste
materials indicates that copper grades generally range from
0.10% to 0.70% Cu, consistent with historical analytical
results and typical of porphyry-style disseminated and
stockwork mineralization. Locally elevated molybdenum
concentrations occur within intensely altered domains, par-
ticularly where quartz-sericite alteration is well developed.

Geologic mapping confirms that hydrothermal alteration is
widespread throughout the deposit. Secondary quartzites and
quartz-sericite metasomatites occur in both volcanic-volcani-
clastic host rocks and along intrusive endo- and exocontacts.
Stockwork sulfide veinlets are consistently associated with
these altered rocks, forming the characteristic vein-controlled
mineralization pattern of the Demirli porphyry system.

Time-domain spectral induced polarization (TDIP) sur-
veys identify extensive chargeability anomalies with polari-
zation indices of approximately 6-8%, significantly excee-
ding the regional background of approximately 3%. The
highest chargeability responses spatially coincide with intru-
sive contacts and zones of intense quartz-sericite alteration.

Magnetic data delineate arcuate anomaly patterns that
align with the geometry of the intrusive complex and the
major structural corridors identified through geological map-
ping and drilling. Integrating magnetic and induced polariza-
tion data with geological observations substantially improved
delineation of concealed intrusive contacts and structurally
controlled mineralized zones. The integrated three-
dimensional geological model integrates historical and recent
drilling data, detailed geological mapping, topographic in-
formation, and geophysical constraints into a unified geolo-
gical framework. The model illustrates the spatial relation-
ships among intrusive bodies, lithologic units, hydrothermal-
ly altered rocks, fault systems, and mineralized domains.

The highest density of stockwork mineralization occurs
where apical intrusive domains intersect major NW-SE to
nearly N-S fault corridors. Mineralized intervals are docu-
mented to depths of approximately 200-300 m, indicating
significant vertical continuity of the porphyry system (Fig. 8).
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5. Discussion

The integrated geological interpretation suggests that the
Demirli Cu-Mo deposit records a long-lived magmatic-
hydrothermal system that evolved through repeated episodes of
magma emplacement, structural reactivation, and hydrothermal
fluid circulation. The close spatial association of Cu-Mo miner-
alization with the apical and marginal parts of the Janyatag
hypabyssal pluton and with major fault corridors indicates that
intrusive architecture and structural permeability were the prin-
cipal controls on ore localization (Fig. 9). Similar spatial rela-
tionships have been reported for numerous porphyry Cu-Mo
deposits worldwide, where shallow intrusive cupolas and struc-
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turally prepared zones provide favorable pathways for hydro-
thermal fluid discharge and ore deposition [2], [6], [7].

The reconstructed intrusive architecture is consistent with a
multiphase evolution of the Janyatag pluton. Earlier intermedi-
ate intrusions likely established the thermal framework of the
hydrothermal system and promoted extensive fracturing of the
surrounding rocks. In contrast, younger intrusive phases ap-
pear more closely associated with hydrothermal alteration and
Cu-Mo mineralization. Numerous dykes and small intrusive
bodies further indicate repeated magma injections, which may
have prolonged the heat supply and maintained favorable
conditions for hydrothermal circulation [7], [8], [19], [20].
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Structural interpretation indicates that the Gylyataq deep-
fault system served as the principal structural corridor control-
ling magma ascent and hydrothermal fluid migration. Repeat-
ed reactivation of NW-SE- to nearly N-S-trending fault sys-
tems appears to have governed both the emplacement of
hypabyssal intrusions and the distribution of hydrothermal
alteration and sulfide mineralization. In particular, intersec-
tions between older NW-trending and younger NE-trending
structures coincide with areas of increased fracture density and
well-developed stockwork mineralization (Figs. 10 and 11).

Comparable structural relationships have been document-
ed in many porphyry Cu-Mo systems, where long-lived fault
corridors remain active through successive magmatic and
hydrothermal events [6], [7], [9]. At the Demirli deposit,
these structures are spatially associated with the observed
vertical continuity of mineralization to depths of approxi-
mately 200-300 m and with the lateral extent of hydrother-
mal alteration surrounding the intrusive complex.

The reconstructed alteration pattern is likewise consistent
with a typical porphyry hydrothermal system. Extensive
silicification, together with quartz-sericite metasomatism,
defines the principal hydrothermal footprint of the deposit.
Locally developed quartz-chlorite and quartz-kaolinite as-

Figure 9. Locations of representative geological cross-sections extracted from the 3D model

semblages occur in more distal or structurally controlled
settings and indicate the progressive evolution of hydrother-
mal conditions. This alteration zonation is widely recognized
as an effective exploration criterion in porphyry environ-
ments [4], [5], [10], [20]. At the Demirli deposit, the coinci-
dence of quartz-sericite alteration, abundant stockwork vein-
ing, and proximity to apical intrusive contacts identifies the
most favorable targets for future resource-definition drilling.
Additional targeted petrographic and spectral investigations,
together with expanded XRD coverage of representative
alteration domains, would further improve characterization
of alteration mineralogy and enhance exploration targeting.

Geophysical observations provide independent support
for the geological interpretation. Time-domain spectral
induced polarization surveys delineate chargeability
anomalies of approximately 6-8%, substantially exceeding
the regional background level of about 3%. These anoma-
lies coincide with intrusive contacts and zones of intense
hydrothermal alteration identified from geological mapping
and drilling. Magnetic data additionally constrain the ge-
ometry of intrusive bodies and major structural corridors,
thereby strengthening confidence in the reconstructed three-
dimensional geological model.
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Integrating geological mapping, drilling, geophysical in-
terpretation, and three-dimensional modeling enables direct
visualization of the spatial relationships among lithology,
structures, hydrothermal alteration, and mineralization. Rather
than treating these datasets independently, their combined
interpretation provides a substantially more robust geological
framework for exploration planning and resource evaluation.

The December 2024 block-model evaluation indicates that
the Demirli deposit retains significant residual mineral re-
source potential. The reported tonnage and average copper
grade fall within the range observed for many porphyry Cu
systems, confirming that economically significant mineraliza-
tion remains within the currently defined mineralized domain.
Nevertheless, additional drilling is required to verify minerali-
zation continuity in areas with limited geological control and
to improve confidence in future resource estimates.

The results of this study indicate that future exploration
should primarily focus on:

—apical and marginal intrusive domains intersected by
major fault corridors;

— structural intersection zones with enhanced fracture
density;

—concealed targets beneath Quaternary cover where
integrated geological and geophysical evidence suggests the
hydrothermal system continues.

The integrated three-dimensional geological workflow pre-
sented here offers an effective framework for prioritizing explo-
ration targets and refining future mineral resource evaluations.

6. Conclusions

Demirli is confirmed to be a large porphyry Cu-Mo system
hosted in Jurassic volcanic-volcanoclastic rocks and genetical-
ly linked to the two-phase Janyatag hypabyssal pluton.

Mineralization is structurally controlled by reactivated
NW-SE- to near N-S-oriented fault corridors associated with
the Gylyataq deep fault system.

Extensive hydrothermal alteration, dominated by secon-
dary quartzites and quartz-sericite assemblages, delineates a
large mineralized footprint spanning several square kilometers.

A December 2024 block-model evaluation with a Cu
> 0.2% cut-off estimates 58.35 Mt at 0.41% Cu (=239 kt of
contained Cu), confirming the presence of a large, vertically
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extensive porphyry Cu system and providing a robust quanti-
tative basis for future resource-definition drilling.

Integrated 3D modeling provides a defensible framework for
targeting apical intrusive margins, fault intersections, and zones
masked by Quaternary cover during future drilling campaigns.
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I'eosioriuna 6ynoBa Ta Merasorediuna esoJiouisi nopgiposoi Cu-Mo cucremu Jdemipuii,
Maunii KaBka3, Asep0aiiizkan

H. IMamaes, C. IoparimoBa, M. A6nyia-3ana

Merta. [TopdipoBa Cu-Mo cucrema Jlemipi, JokanizoBaHa B FOPCHKUX BYJIKaHIYHHUX 1 ByJTKAaHOT€HHO-YIaMKOBHX TOBIIAX Ta IIPOCTOPO-
BO TOB’s13aHa 3 JI>KaHATAa3bKUM TPaHiTOIIHUM TuTyToHOM (Manmuit KaBkas, AzepOaifkaH), € BAKIMBAM 00’ €KTOM IS MIEPEOLiHKY 11 3aITUI-
KOBOTO MiHEpaJbHO-CHPOBHHHOTO MOTEHINIaTy 3 BUKOPUCTaHHIM MaTepiaiiB MOMepeHiX Te0oropo3BiyBalIbHAX POOIT 1 pe3yibTariB HO-
BHUX JOCIIXKECHb, po3noyatux y 2024 porii.

Metoauka. [HTErpoBaHo Martepiajii MOMEPeTHHOTr0 re0IOTIYHOT0 KapTyBaHHs Ta reoJIoropo3BigyBalibHUX podiT 1965-1989 pokis i HacTy-
MHUX €TaIliB JOCITi/DKEHb i3 olU(pPOBAaHIMH apXiBHUMHU JAHUMH OYypiHHS Ta OnpoOyBaHHs, Pe3y/bTaTaMH JIITOJIOTO-CTPYKTYPHOTO KapTyBaHHS
macurraby 1:1000 Ha o 1.97 kM2, cMCTEMAaTHYHOTO ONPOOYBAHHS 30H IiPOTEPMALHUX 3MiH i MATEPIANiB, TIOB’A3aHKX i3 NPHUYUME POGO-
TaMH, PEBEPCHUBHO-IMPKYIAMIHHOTO OypiHHA, BHKOHAHOTO y 2024 pomi, a Takox 3D reomoriuHoro monemroBaHHs B Leapfrog Geo Ta
Micromine. [ yTouHeHHS MpOCcTOpoBoi OyIOBH MiHEpati30BaHOI CHCTEMH BHKOPHCTAHO apXiBHI reo(i3WyHi Ta TeOXiMivHI JaHi, 30KpeMa
pe3yJIbTaT! MarHITHHUX JOCIIHKEHb, EIEKTPHIHAX METO/IB, BKITIOYAI0UH METO]] BUKIMKAHOI TTOJISPH3aLlii, Ta JITOXIMIYHOTO ONpoOyBaHHS.

PesyabTaTu. MiHepaizamis 30cepe/keHa B alliKalTbHAX 1 KpaloOBUX YacTHHAX 0aratodasHoro rimadicaibHOTO IHTPY3MBHOTO KOMILIEK-
cy. Bona noxkamizoBaHa B310BXK po3noMHHX KopuaopiB NW-SE ta 6musskoro 1o N-S mpocTsaraHss, OB’ A3aHUX 13 CHCTEMOIO TIHOWHHOTO
posiomy ['misitar. ['imporepmanbHi 3MiHM NpecTaBieHi iHTEHCHBHOIO CHIIiIMQikaiiclo (BTOPHHHHUMH KBapLUTaMH), a TaKOX KBapIl-
CepPHLMTOBUMH, KBapI-KaOJTIHITOBUMH Ta KBapI-XJOPUTOBHMH acOLialisMH, SKi CYIPOBOIKYIOThCS IITOKBEPKOBUMH IPOXKHIKAMH Ta
BKpAIUICHOIO Cyib(iHOI0 MiHepasi3anieo. Y MoBepXHEBHX Npodax i nmpobax, BigiOpaHuX y Mexax ripHHYMX BUpoOok, BMicT Cu 3a3Buyaid
cTaHoBHUTH 0Ji3bKo 0.1-0.7%, mpu bOMY JIOKAJIBHO (DIKCYIOTHCS IMiABHUIICH]I KOHIeHTpauii Mo. ApXiBHi JaHi CBi[4aTh PO 3HAYHY BEepTHKA-
JbHY MPOTSDKHICTH MiHEpPaNi30BaHOTO iHTepBaly, mpuOmu3Ho 200-300 M, i MIMPOKMIA aHOMAJIBHUN OpeOy, XapakTepHHUH A mopdipoBoi
TIPOKIIIKOBO-BKPAIUIEHOT MiHepaJIi3arlii.

HaykoBa HoBH3HA. 3anpOIIOHOBAHO KOMILIEKCHY MEPEiHTEPIIPETaIliio Te0I0Ti9HOl OYIOBH POJOBHINA, SKa MOETHYE €BOJIONII0 IHTPY-
3MBHOTO KOMIUTEKCY, CTPYKTYPHY PEaKTUBALIiI0, apXiTEeKTypy TiJpOTepMalbHAX 3MiH i pe3ynbTaTd 3D TeonorivHoro MoJiemioBaHHs, IO /A€
3MOT'y YTOYHUTH MOLITYKOBO-PO3BifyBalIbHY MoJenb nopgipoBoi Cu-Mo cucremu demipii.

IIpakTHyHa 3HaYMMicTh. OTpHMaHi pe3yJbTaTH OOIPYHTOBYIOTh NPOBEACHHS MOIIYKOBO-PO3BiAyBaILHOTO OYpiHHS Ha MPOJOBXKEHHI
OCHOBHHX PO3JIOMHHX KOPHJIODIB i B MeXKaX aliKalbHAX IHTPY3UBHUX Ta TiJPOTEPMAIbHO 3MIHEHUX 30H, @ TAKOXK JIAIOTh 3MOTY BUKOPHCTO-
BYBAaTH XapakTep TiipoTepMabHUX 3MiH K MOIIYKOBI BEKTOPH ITiJl 4ac MporpaM OKOHTYPIOBAHHS Ta YTOUHEHHs PECYpCiB.

Kntouogi cnoea: nopgiposa Cu-Mo cucmema; Manuii Kasxas, Jlox-Kapabacwxa 30ma; einabicanbruili niymoH; UKIUKAHA NOAAPUIAYIA;
ciopomepmanvui 3minu,; wimoxeepk, 3D eeonoziune Mooeno8anHs
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