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Abstract. Block modeling is a crucial tool in modern mining for evaluating mineral deposits
and planning their development. This paper analyzes methods for constructing and assessing
block models, focusing on their practical application in geological and mining decisions. The
main stages of block model creation are discussed, including the formation of geological da-
tabases, processing drill hole data, geometrization of ore bodies, wireframe construction, and
grade interpolation. Special attention is given to sub-blocking techniques and interpolation
methods like inverse distance weighting to improve grade estimation accuracy. The integra-
tion of geological, technological, and economic data into digital models enhances resource
evaluation and mine planning. The paper also highlights the role of block models in mineral
quality management, selective mining, and reducing losses and dilution.
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Introduction

The increasing complexity of geological
conditions in solid mineral deposit development
requires advanced digital tools for geological
and economic evaluation and mine planning.
Block modeling has become essential for inte-
grating geological, technological, and econom-
ic parameters into a unified digital framework
for decision-making.

Earlier studies [1] have comprehensively
discussed the foundations of geological and
technological modeling of mineral deposits,
emphasizing the importance of integrating
drilling data, sampling results, and cut-off pa-
rameters. The development of geoinformation
technologies has further strengthened block
modeling’s role in improving resource evalua-
tion [2]. The reliability of resource estimation
is closely related to assessing ore losses and
dilution, especially in deposits with variable
thickness and dip angles [3, 10].

The introduction of mining software like
Datamine and Micromine has expanded the
capabilities of three-dimensional geological

modeling and resource estimation [4-6, 9].

These systems enable digital block model con-
struction, grade interpolation, and assessment
of geological variability. Well-constructed block
models serve as a basis for optimizing pit con-
tours, planning underground mining opera-
tions, and improving economic efficiency [5, 8].

Sub-blocking is a key aspect of block mod-
eling, allowing more accurate representation of
complex ore boundaries and grade distribution
[7]. It enhances reserve estimation, especially
in irregular deposits. Moreover, modern geoin-
formation systems allow continuous updates
to geological databases during mining, refining
block models as new data becomes available
[8, 9].

Despite its widespread use, challenges
remain in block modeling, including optimal
block size selection, validation of interpolation
methods, integration of geological uncertainty
into economic evaluations, and adaptation to
resource classification standards [10]. Block
models primarily reflect in-situ resources, ne-
glecting technological recovery factors and op-
erational constraints, making the refinement
of modeling techniques a key task.
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This study aims to analyze modern meth-
ods for constructing and evaluating block mod-
els, identify their features, strengths, and lim-
itations, and determine directions for further
improvement in the context of the mining in-
dustry’s digital transformation. Special focus
is given to block model structure, formation
stages, sub-blocking techniques, and the role
of digital modeling in mineral quality manage-
ment and mining optimization.

Research methods

A block model is a digital representation of
the subsurface, structured as a three-dimen-
sional array of blocks of defined size, where
each block is assigned specific geological and
economic attributes [1]. In practical terms, it
serves as a structured database of the deposit,
integrating spatial information with parame-
ters such as grade, density, lithology, and oth-
er relevant properties.

The primary purpose of a block model is
to provide a comprehensive evaluation of the
mineral resource and to support the devel-
opment of the most rational mining scenari-
os, taking into account geological complexity,
technical constraints, and economic consider-
ations. By linking geological interpretation with
quantitative assessment, the model becomes
a decision-making tool rather than merely a
visualization instrument.

Block modeling is widely used in the prepa-
ration of documentation for state reserve eval-
uation, as it ensures a complete and reliable
representation of the deposit. Under current
regulatory and industry standards, increasing
emphasis is placed on the transparency, repro-
ducibility, and statistical validity of resource

estimates. As a result, government authorities
are progressively prioritizing submissions that
incorporate geostatistical methods, reflecting
international best practices in mineral resource
reporting.

At the Kistas deposit, the resource estima-
tion was carried out in accordance with the Ka-
zRC Code (Figure 1).

Main Stages of Block Model Development

Block model development in Datamine in-
cludes several key stages. First, a geological
database is created, with exploration data digi-
tized for compatibility with the mining informa-
tion system (MGIS) [2]. Data quality control is
essential at this stage.

Next, drillhole data is consolidated, as-
signed spatial coordinates, and composited for
grade and geological analysis.

The third stage involves spatial modeling
of ore bodies and constructing wireframes
for volume estimation. Block size is selected
based on ore morphology, and cut-off param-
eters like grade and ore thickness are applied
for reserve estimation [3].

Grade estimation is done using interpola-
tion methods, such as inverse distance weight-
ing [4]. Host rock models are created using
nearest-neighbor interpolation, and hybrid
methods may be used for structurally variable
areas.

The final stage involves reserve estimation,
mining optimization, pit boundary optimiza-
tion, and regulatory compliance.

Structure and Attributes of the Block Model

A block model is a 3D representation of the
subsurface, made up of blocks with geomet-
ric and qualitative parameters [5]. It describes
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Figure 1 — Block Model of the Kistas Deposit
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the mineral body, grade distribution, and oc-
currence conditions.

The model is structured on a 3D grid de-
fined by coordinate limits and block dimen-
sions. Block size is determined by XINC, YINC,
and ZINC, and the number of blocks is repre-
sented by NX, NY, and NZ.

Each block contains attributes such as li-
thology, grade, and density for resource esti-
mation and mine planning.

The principal structural components of a
block model include deposit boundaries, ore
body limits, mining zones, and spatial con-
straints. These elements are defined using
specialized parameters and commands such
as BOUNDARY, SECTION, STRING, and ZONE.
They enable precise delineation of geolog-
ical domains, grade zones, and the limits of
planned mining operations. Through these
tools, the model reflects not only the geometry
of mineralized bodies but also the operational
framework within which extraction is planned.

A critical aspect of any block model is its at-
tribute structure. Attributes represent the set
of characteristics assigned to each individual
block and may be geometric, geological, tech-
nological, or economic in nature.

Geometric attributes include the coordi-
nates of the block centroid along the X, Y, and
Z axes (XC, YC, zZC), as well as block dimen-
sions and its position within the spatial grid.
For indexing and computational convenience,
each block is assigned an identifier based on
its position within the three-dimensional array,
typically expressed in IJK notation.

Geological attributes comprise grade values
of valuable components, ore or host rock type,
lithology, moisture content, rock strength pa-
rameters, and other relevant physical or me-
chanical properties. These parameters enable
quantitative evaluation of mineral quality with-
in each block and support classification accord-
ing to established reporting standards.

All structural and attribute information of
the block model is stored within specialized
Datamine databases. Data are organized in
model files (MODEL), model parameter files
(ESTRAM), and prototype definitions (PROTO).
This structured approach allows efficient han-
dling of large datasets during resource estima-
tion, mine design, and operational planning.

In this way, the structure and attributes
of the block model form a digital represen-
tation of the deposit, serving as a technical
foundation for planning, design, and resource
management. A high-quality block model un-
derpins sound engineering and economic deci-
sion-making throughout the life cycle of miner-
al resource development.

Subblocking represents an important stage

in the refinement of geological detail during
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Figure 2 — Prototype of the Block Model

block model construction and resource eval-
uation [7]. The purpose of subblocking is to
increase estimation accuracy by subdividing
a parent block into smaller subblocks. This
approach is particularly relevant in deposits
characterized by complex ore body geometry,
sharp lithological contacts, or highly variable
grade distribution.

By introducing subblocks, the model can
better honor geological boundaries and reduce
artificial dilution or loss during resource cal-
culation. This leads to improved precision in
reserve estimation and a more realistic repre-
sentation of the mineralized zones.

An example of subblocking of a parent cell
at the ore-waste contact is shown in Figure 3.

Scientific results

Mineral Raw Material Quality Management

Geoinformation technologies are widely
used in research and mineral deposit devel-
opment, enabling rapid geological and tech-
nological evaluations. These technologies sup-
port the modeling of occurrence conditions and
quality parameters, aiding in the selection of
optimal access locations, mining development
parameters, and appropriate equipment and
operating modes.

Computer modeling helps plan the se-
quence of pit working zone formation, identi-
fying areas for selective mining and blending
during ore preparation. Accurate forecasting
of geological and quality parameters improves
mining performance by reducing losses and di-
lution, while stabilizing product quality.

Modern geoinformation systems incorpo-
rate the physical and chemical properties of
mineralized and host rocks, updating the da-
tabase with new information from exploration
and mining operations [8, 9]. These systems
ensure continuous refinement of the geological
model.

Quality management in mining optimizes
extraction and processing efficiency, relying on
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Figure 3 — Subblocking of the Parent Cell

3D geological models to predict grade distri-
bution and quality parameters. These models
reduce uncertainty and risk in exploration and
mining, allowing for the determination of opti-
mal cut-off parameters and ore body boundar-
ies, maximizing recovery and minimizing loss-
es.

An important aspect of quality management
is analyzing grade variability and delineating
zones with different quality characteristics,
which supports selective mining strategies and
optimized blending for consistent feed quality.
Figure 4 illustrates selective extraction of high-
and medium-grade ore at the Koksu deposit
(Block 2), considering variations in quality pa-
rameters.

Operational responsiveness to changes in
raw material quality during mining ensures
stable product specifications and prevents de-
viations from standards. Software solutions
like Datamine and Micromine improve the ac-

curacy and reliability of forecasts related to
mineral quality, providing automated quality
calculations and rapid data analysis, especially
for large-scale deposits.

Geometric modeling results help identify
grade distribution patterns, which are used in
mine planning and the development of efficient
ore preparation technologies.

Summary and Practical Implications

Resource block models are the initial stage
of geological and economic evaluation, devel-
oped during reserve preparation and approval.
They reflect the spatial configuration and qual-
ity of ore bodies in their natural state — with-
out considering mining operations or recovery
factors.

The main purpose of resource block models
is to describe ore body and host rock geometry,
as well as mineral quality based on exploration
data. These models assess potential resourc-
es, including volume and grade, but exclude
technological and economic factors related to
extraction [10].

It is important to note that resource block
models do not differentiate between recover-
able and non-recoverable reserves. They rep-
resent the total mineral material in the rock
mass, without accounting for mining losses and
dilution, thus not providing a complete view of
reserves that can be practically extracted un-
der real conditions.

Conclusions

The analysis confirms that block modeling
is a fundamental tool for the geological and
economic evaluation of solid mineral deposits,
supporting mining decisions at all project stag-
es. Modern block model construction, based
on structured geological databases, wireframe
modeling, optimal block sizing, and geosta-
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Figure 4 — Mining Plan of the Koksu Deposit with Selective Ore Extraction
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tistical interpolation, ensures accurate repre-
sentation of ore bodies' spatial and qualitative
characteristics.

The reliability of resource estimation de-
pends on the quality of primary exploration
data, geological interpretation, and the selec-
tion of modeling parameters, including block
size and interpolation methods. Sub-blocking
improves grade estimation accuracy in depos-
its with complex morphology and heteroge-
neous mineral distribution, reducing dilution
and enhancing reserve calculation precision.

Well-designed block models are not only
for resource quantification but also serve as a
platform for mineral quality management, se-
lective mining, blending optimization, and re-
ducing ore losses. Integrating geological, tech-
nological, and economic parameters enhances
transparency, supports compliance with re-
porting standards, and reduces geological un-
certainty in long-term planning.
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AHAaTna. b/IoKTbIK MoAebAey Kas3ipri 3aMaHfbl KEH 6HAIPyAe MUHEPA/IAbIK KEH OpbIHAapPbIH
barasay xxeHe osiapAblH AaMybIH XOCcrapsiay YLiH MaHbl34bl Kypasfa ariHaagbl. Makasaa 6710k~
TbIK MOAENLAEPAI KYPY XoHEe baranay 3aMaHaywv a4IiCTePiH, 0/1apAblH r€0/I0r1si/ibIK XXOHe Tay-
KeH weLiMaepiH Kabblagayaarbl pakTuKasblK KOA4aHbI1yblHa Ha3ap ayAapa OTblpbIr Tasaaak-
Abl. BJIOKTbIK MoAeIbAEPAI KYPYAbIH HErI3ri Ke3eHAEPI, OHbIH iliHAE reosIornsisiblK AEPEKTED
6asacbiH Kypy, 6ypfblaay TECIKTEPIHIH AEPEKTEPIH 6HAEY, pyAa AEHENEPIHIH reoOMEeTPUsiChbIH
KaslbIATacTbipy, ChIMXINTEPAI KYPY XoHE cana rnapaMetTpaepiH MHTEPosiLUnNsaay KapacTblpbl-
s1aabl. ApHavibl 6710KTap MEH MHTEPOIsIUNS SA4ICTEPIHIH MaHbI3biHA aca Has3ap ayAapbl/iasbl,
MbICasibl, KEPI KallbIKTbIKIEH 6JIley a4iCi, 6y canaHbl baranaybiH A9/4irH apTThipaasl. [€o-
JIOMUS/IbIK, TEXHOJIOMUS/IbIK XXKOHE SKOHOMUKAJIbIK napamMeTpaepai 6ipikkeH caHAblK MoAesibre
6ipiKTipy pecypc 6aranay/bl XoHE LaxTaHbl Xocrnapaayabl XaKkcaptagbl. Makana 6710KTbiK MO-
AenbaepaiH MMHepasaabl canaHbl 6backapyaa, TaHAaaMaslbl KEH 6HAIPYAE XOHE XOofFasaTysiap MeH
KocrianapAbl a3anTyaa MaHbl34bl peJl aTKapaTblHbIH KepceTeai.

KinT cesgep: 6/I0KTbIK MOAE/bAEY, MUHEPAJIALIK KOp/apabl 6aranay, KatTbl farvgalibl Kas-
b6asap KeH opbiHAAPbkl, Cy66/10KTaYy, reoCTaTuCTUKAa/IbiK MHTEPIIO/ISALUMNS, Tay-KEH XKYMbICTapblH
)xocriapaay, MMHEpPasAbIK LWUKI3aT canackiH 6ackapy.

AHa/sin3 coBpeMeHHbIX METO[O0B MOCTPOEHUSI U OL|€HKH 6/104HbIX Mogenei
MECTOPO)KHEHMﬁ TBepAabIX NMoJie3HbIX NCKOIMNMaeMbiX
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AHHOTaywms. byiokoBoe Moae/IMpoBaHUE CTas10 Ba>KHbIM MHCTPYMEHTOM B COBPEMEHHOM FOPHOM
MPaKTUKE AJ151 OLUEHKN MUHEPAJIbHbIX MECTOPOXKAEHNI U S1aHNPOBaHUS UX pa3paboTku. B cra-
Th€ aHaIN3nNpPyHKTCS COBPEMEHHbIE METOAbI CO3AaHUS M OLUEHKM 6/IOKOBbIX MOAENEN C aKL|EHTOM
Ha UX MpakTU4YEeCKOE MNPUMEHEHNE B Ir€0/I0OMMYECKUX U FOPHbIX PELLUEHUsIX. PaccMaTpuBaroTcs
OCHOBHbI€ 3Tarbl co3aaHnsi 6JI0KOBOKM MOAENN, BK/OYask POPMUPOBAHMUE reosIorn4eckmnx 6a3
AaHHbIX, 06paboTKy AaHHbIX GYpOBbIX CKBaXWH, reoOMETPU3aUNI0 PYAHbIX Tes, MOCTPOEHNE
Kapkaca v MHTeproJisiuMKo napamMeTpoB cogepxxaHus. Ocoboe BHUMaHUE yAENSETCS TEXHUKaM
cy66/10KMPOBaHUS U METOAAM MHTEPMOJISILMMN, TAKUM KaK B3BELUMBAHMNE 110 06paTHOMy paccro-
SHUI, A5 YI1YHLIEHUS TOYHOCTU OLIEHKU COAEPXKaAHWS. VIHTerpawumnsi reosiorm4eckmx, TeEXHO10-
rMYECKNX N IKOHOMUYECKMNX NapaMeTPOB B EANHYIO LUMBPOBYIO MOAEb 3HAYNTELHO YlyYllaeT
Ka4yeCTBO OLIEHKU PEeCYpCOB U M1aHNPOBAaHMS LLAXTbl. TakxXe nog4epKknBaeTcs posib 6J10KOBbIX
moaesniel B yrnpaBaeHUn Ka4eCTBOM MUHEPAsIoB, BbI6OPOYHOM rOpHOPYAHOM AEE U CHUXEHUMN
notepb u palbaBsieHus.

145



146

B Tpyabl yHuBepcuteta N23 (104) - 2026

KnroueBblie cnoBa: 6/104HO€ MOAEIMPOBAHUE, OLIEHKA MUHEPAJIbHbIX PECYPCOB, MECTOPOXE-
HUSI TBEPAbIX MOJIE3HbIX UCKOMAEMbIX, Cy66/I0KMPOBAHNE, re0CTaTUCTUYECKAsT UHTEPIIOIALMNS,
M/1aHUPOBaHUE rOpPHbIX paboT, yrpaBieHUe Ka4eCTBOM MUHEPasIbHOIro ChipbS.
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