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Abstract

The use of modern computer aided methods, in particular the use of the Micromine software, is an important
part of the integrated research for the determination of deposit prospects for various ores. The paper is
devoted to the analysis of prospects and estimation of reserves for open-pit and underground mining in
the Berezkinskoye ore field. For this purpose, silver reserves were determined as the principal valuable
component. The deposit balance reserves were estimated separately for all types of ores in the optimal open
pit envelope adopted in the final mining feasibility study (FS of permanent exploration conditions for ore
extraction). To vectorize and verify the geological information entered into the database, graphical materials
in the form of cross-sections and plans with the corresponding borehole database were georeferenced using
the Micromine software. The final inspection was carried out to ensure that the sample depth information
entered was consistent with the excavation depth. The database contains information on the location of
boreholes and trenches, the design of boreholes, the spatial positioning of the boreholes/trenches axes,
the data of sample assays for silver and copper. For underground mining, the delineation of ore bodies was
carried out based on the cross-sections identified in the boreholes at a cut-off grade of 10.7 g/t, taking into
account the orientation of geological structures. Reliability of the ore bodies delineation was verified in
a Micromine three-dimensional model. For open-pit mining, the position of small ore bodies may be clarified
by operational exploration with possible subsequent upgrading their reserve categories. The wireframe
model of ore zones and bodies was constructed using the outlines obtained by the developed methodology.
A wireframe model of faults was based on the Berezkinsky area plans and cross-sections. The construction
of the fault wireframe model was performed in several steps. Application of modern geoinformation system
(GIS) technologies makes it possible to qualitatively assess the prospects and estimate the reserves at the
deposits. The Berezkinskoye deposit ore material composition, metallurgical properties, hydrogeological
and geotechnical features were investigated.
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AHHOTauusA

BaskHemuM HalipaBIeHMEeM ITPOBeIeHMSI KOMIIIEKCHBIX MCC/IeIOBAHMIA 10 OITpeIeIeHIIO TIEPCITEKTUB Me-
CTOPOXIEeHUI pasaMUHBIX Py, SABSETCS UCIIOIb30BaHMe COBPEeMEeHHBIX KOMITbIOTEPHBIX METOIOB, B UaCT-
HOCTH, TPOTPAaMMHOTO IIpoaykTa Micromine. B cTatbe paccMaTpuBaeTcsl Bepe3kmHCKOe pyIgHOe ToJie, OJIsT
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KOTOPOTO IIPOM3BeIeHbl aHAM3 MTePCIeKTHUB U MO CYET 3aracoB AJis OTKPBITOTO U MOI3€MHOTO CII0CO60B
oTpaboTrku. [Ipy 3TOM OIpe/iesieHbl 3aMackl cepedpa B KauecTBe OCHOBHOTO ITOJIE3HOTO KOMITOHEHTA, a TaK-
ke paccuMTaHbl 6aJIAHCOBbIE 3aMachl PA3/lebHO JJIS BCEX TUIIOB PyJ B KOHTYpe ONTMMATIbHOTO Kapbepa,
TIPUHSITOTO B TEXHUKO- IKOHOMUYECKOM 000CHOBAHUM MTOCTOSTHHBIX Pa3BeOUYHBIX KOHIUIMIA ISl paspa-
60TKY pYA. )it BEKTOPU3AIMM U TPOBEPKY T€0IOTMUeCKOl MHpOpManym, BBOOUMOI B 6a3y JaHHbBIX, TIPU
TOMOIIM TIPOTPpaMMHOr0 obecredyeHuss Micromine, B TpOCTPaHCTBEHHbIX KOOPAMHATAX OBLIM TIPUBSI3a-
HbI Tpaduueckre MaTepuaabl B Biie TUIAHOB pa3pe30B C HAJIOKeHHOI 6a30if mJaHHBIX CKBakMH. KoHeu-
HOJt TIPOBEPKOJ! SIBJISIICSI KOHTPOJIb HAa COOTBETCTBME IIyOMHBI BBeIeHHO! MHGOpPMauuy OTHOCUTETbHO
TTyOMHBI BBIPAOOTKM. Basza JaHHBIX COAEPXUT MHQPOPMALMIO O MECTOIONIOXKEHUM BbIPAOOTOK (CKBAXKVH,
KaHaB), KOHCTPYKIMM CKBaXXKMH, MHGOPMaIMIO C ONMMCaHMeM MPOCTPAaHCTBEHHOIO TOJIOKeHUST OCU BbIpa-
60TOK, IaHHbIe C pe3yIbTaTaMM ONPoO6OBaHMS BIPAOOTOK Ha cepe6po 1 Measb. 15 MOA3eMHOro crocoba
OTpabOTKM OKOHTYPMBAaHME PYAHBIX TeJ MPOBOJMUIOCH [0 CEUEHUSIM, BbIJ€IEHHBIM B CKBaKMHAX 10 60p-
TOBOMY cofepxkaHuto 10,7 r/T, C yueTOM OPUEHTUPOBKM Ie0JIOTMYEeCKUX CTPYKTYp. HaZeskHOCTh YBSI3KU
PYIHBIX 3ajiexkelt MpoBepsiach B TPeXMePHOIl Moiesn, MOCTPOeHHO¥ B porpaMmMe Micromine. [Ijis ycio-
BUIT OTKPBITOI OTPAGOTKM B MPOILIECCe IKCITyaTal[ii BO3MOKHO YTOUHEHVE TTOJIOKEHUS] MEJIKUX PYIHBIX
TeJ 9KCIUTyaTal[MOHHOW pa3BeaKoii U MepeBOJ UX B 6osiee BhICOKME KaTeropuu. [locTpoeHne KapKacHOIA
MOJeNM PYOHBIX 30H ¥ TeJ MTPOU3BOAMUIIOCH C MICIIOIb30BaHMEM KOHTYPOB IO pa3paboTaHHO! MeTOIMKe.
B ocHOBY mocTpoeHMst KapKacHOM MOJeny pas3jiOMOB IOJIOKEeHbI IJIaHbl M pa3pes3bl yuyacTka bepe3kuH-
ckuii. [TocTpoeHue KapKacHOVM MOZeNM pa3jioMOB MPOBOAMIOCH B HECKOJBKO 3TamoB. [IpMMeHeHNe CO-
BpeMeHHbIX reoMHpopmanoHHbIX cucteM (I'MC) TeXHOMIOr Ui TTO3BOJISIET KaUeCTBEHHO MTPOBECTU OLIEHKY
MePCIeKTUBHOCTM U MOJCUET 3allacOB Ha MeCcTOpoXkaeHMsIX. Ha bepe3kHCKOM MeCTOPOXKIEeHUY U3yIEeHbI
BelleCTBeHHBIV COCTaB Py/[l, TEXHOIOTMYECKMe CBOJCTBA, U POreoyornuyeckye 1 MHXeHepHOo-Treoornye-
CKVe 0COOeHHOCTY MeCTOPOXKIEeHMIA.

KnioueBble cnoea
PYIHOE T0j1e, TPOrpaMMHbIN poayKT Micromine, cepe6po, MeCTOpOXKIeHEe, CKBaXKMHA, OKOHTYpUBAaHME PY-
JOHOCHBIX 33]’[6)1(8]7[, OTKprTbII‘/'I n HO,Z[SEMHI)II‘/’I Cl'[OC06 OTpa6OTKI/I I10JIE3HBIX MCKOIIA€MbIX, ITEPCIIEKTMBHOCTDb
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BHeJpeHMM TOJIyUeHHBIX HAYYHBIX U MPAKTUUYECKUX Pe3yIbTaTOB UCCAeL0BaHUIA.
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Introduction

Ores of the Berezkinskoye ore field belong
to the silver-sulfide-quartz formation with vein-
disseminated mineralization in terms of their mine-
ralogical composition. Silver mineralization [1, 2]
is characterized by vein-disseminated and pockety
sulfide mineralization [3] in metasomatically
altered rocks: quartz-sericite and sericite-quartz
metasomatites and secondary quartzite, and less
frequently in sericitized and silicified porphyrite and
andesite.

The ore intersections vary significantly within
a wide range of silver grades and their distribution is
highly irregular.

A system of vertical, inclined boreholes and
trenches, which are located extremely irregularly,
was used during the exploration of the deposit. For
the Southern and Eastern areas, mineralization has
been studied in more details within the weathering
crust zone, which was penetrated to its entire
thickness by the numerous boreholes, and traced
along the surface by the trenches. Deep horizons
were studied less thoroughly, using an irregular
network of boreholes.

Research Techniques
The most accurate way to estimate reserves
is the geological block method [4, 5], using an
ore-bearing ratio, both for ores occurring in the
weathering crust as well as for the ores occurring
below the weathering crust.

Findings Discussion

Ore reserves were estimated in accordance with
permanent exploratory conditions for open-pit
mining [6, 7]. Upon that, it is necessary to estimate
the reserves of silver as a minor component. The
deposit balance reserves should be estimated
separately for all types of ores within an optimal pit
envelope [8, 9] adopted in the final mining Feasibility
Study (FS of permanent exploratory conditions for
open-pit mining).

In addition, ore reserves for underground mining
were estimated in accordance with the provisional
exploratory conditions. It also includes estimates of
silver as a minor component. However, the off-balance
ores are to be considered as reserves that have been
estimated according to the balance ore conditions,
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but which do not meet the commercial minimum
standards.

The minimum ore reserves of separated bodies are
provided in Table 1.

Input data for the reserve estimation

Input data for the reserve estimation were as
follows:

1. Catalogues of coordinates of borehole collars
and trenches (database).

2. Logbooks of borehole logging.

3.The results of laboratory assays of ordinary
samples, as well as the results of determining the bulk
density and moisture of ores.

Based on the input data, a database (DB) was
compiled. All information on the completed workings
for 2022 was entered into the database.

All data are presented in the form of scanned
materials and spreadsheets in Excel format (the
coordinate catalogues, Downhole Survey, laboratory
assay/test results). All data was checked (adjustments
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were made if necessary) and brought into a consistent
structure. The scanned information was digitized,
checked, and added to the database.

The database comprises all the necessary data for
the Berezkinskoye deposit reserve estimation.

4. Geological maps, plans and cross-sections of the
Berezkinskoye deposit, areas on a scale of 1:1000 and
1:500.

The scanned graphic materials in the form of
cross-sections and plans were georeferenced using
Micromine software [10, 11] in spatial coordinates
(Error! Reference source not found.). Graphic materials
were used to interpret, vectorize, and verify the
geological information entered into the database.

Database formation
The processed primary data were summarized
using the Micromine software (Fig. 2). The accuracy of
the data entry and processing was examined visually
and using the software tools. The final inspection was
carried out to ensure that the sample depth information

Table 1
Minimum ore reserves of separated bodies
. Minimum ore reserves of separated bodies (kt) included in the reserve estimates at various
Ag Ef) zde ;r/ltore distances from the main ore body
o 50 75 100 125 150 175 200
6.57 3.01 4.51 6.01 7.52 9.02 10.53 12.03
7.00 2.04 3.05 4.07 5.09 6.11 7.13 8.14
7.50 1.48 2.22 2.96 3.70 4.44 5.19 5.93
8.00 1.16 1.75 2.33 2.91 3.49 4.08 4.66
8.50 0.96 1.44 1.92 2.40 2.88 3.36 3.84
9.00 0.82 1.22 1.63 2.04 2.45 2.85 3.26
9.50 0.71 1.06 1.42 1.77 2.13 2.48 2.84

-

Fig. 1. Georeferenced plan and cross-section along line 128, Berezkinsky area with superimposed database of boreholes
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entered was consistent with the excavation depth.
The database contains information on the locations
of workings (boreholes, trenches), borehole design,
information describing the spatial position of the axis
of the workings, data of assaying the samples from the
workings for silver and copper (Fig. 2). The database
structure is provided in Table 2.

Sampling
The “sampling” table included the data of sample
assays performed for 2022. A total of 122 samples (in-
cluding control sampling) were collected from the de-
posit, comprising 95 core samples from the exploration
boreholes and 27 channel samples from the trenches.
The inspection revealed that the database

contained duplicates, which were subsequently
-
TpaekTopuu cksaxuH/6oposa _T R
Yema I LaHHbie no cx ] Touku neps c
Darrble 88003 | Hassanus smipaoTox Iny6ura BoipaboTc

Oweﬁa
Basa aaHHbx

Basa panHex : TR
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removed. Grade values included “0” as well as coded
negative values, which were replaced by a value equal
to half of the assay sensitivity of the 0.1 g/t for Ag.
The database contains 122 intervals, of which
sample assaying data for Ag is available for 82 intervals.

Deliniation principles

Delineation of ore bodies for open-pit mining was
carried out based on the boundary sections identified
in the boreholes at a cut-off grade of 0.4 g/t, taking
into account the orientation of geological structures.
The validity of the delineation of the ore bodies was
tested on a three-dimensional model [12, 13] built in
Micromine.

The delineation of ore bodies was carried
out taking into account pit envelopes. The blocks

| Basa ganHHbix ckBaxuH/6oposa ’j ! X_‘R
[V] Mokasbisats Tp: OnpeaeneHue Paiina ycTes ] -
e no s #° TR point.DAT . ® %
TonwwHa 1pg Painyerees: TR_poin o Qaiin  [paeka Ouaetp @opmat  3anucu  Cepeuc  3akphiTb
= . Tun: [DaHee ] N s D FF-ImYIa sl v "
=~ | Usetosas ko) Sis = Q3 2 2
] | Pusetp SECTION TR LENGHT DEPTH EAST NORTH RL AZIMUTH INFO “im
1 _K—ZZE 85 3.2 80838.63 79267.00 276.30 1. - 13.03.99.
) FohE CREMAiE Th 2 |30 K-13 100 1,0 - 2,5 80913.84 79227.69 277.30 324. - 24.11.04.
None koopauHar X EAST 3 |[30.5 K-055 47 3 80953.53 79292.73 279.70 170. - 15.10.98.
Mese KoopauHar Y : NORTH 4 |s0.s K-12B 36 2.8 80921.48 79255.40 278.15 4. - 19.10.98. 5| )
5 |[30.5 R-14 112 2,0 - 2,5 80949.17 79211.42 278.00 360. - 19.11.94. | |fes
Nose esicorel: AL 6 |30.5 X-21B5 63 3.2 80903.89 79322.94 279.65 359. - 12.03.99.
None ofwei rayduns - | ENGHT 7 30.5 K-23B 80 3.2 80879.10 79320.67 278.37 359. - 28.03.99. 4
8 |31 R-045 40 3 20988.86 79253.45 278.20 359. - 14.10.9s. -
Mone asumyra: AZIMUTH
9 |31 R-10 74 2.5 81010.24 79222.87 278.58 328. - 25.04.94.
None naknona: TEST 10 |32 R-115 37 2.5 80954.90 79323.26 278.82 328. - 18.10.98
None arpubiyTos 1 : [ ER R-208 44 3.2 80986.54 79301.63 279.57 332. - 05.03.29
' Flone arpinbiron 2 12 [31.3 R-068 50 3 81012.70 79299.76 280.86 146.00 16.10.98. - 16.10.98 Kg
13 [31.3 R-075 64 2.45 81020.14 79315.59 281.08 326.00 17.10.98. - 17.10.98 IEF
A 14 [31.3 R-198 31(3. 80998.78 79318.60 280.91 330.00 02.03.99. - 02.03.99 A
15 [31.6 R-025 273 80989.58 79373.07 281.43 47.00 12.10.98. - 12.10.98
L 0 LU 5 l 16 [31.6 X-035 20 3 81006.24 79385.45 281.96 330.00 13.10.98. - 13.10.98
cudn a4 17 |31.6 R-06 94 2.5 81151.63 79147.44 278.46 329.00 25.04.94. - 29.04.94
E 2430\ XY 18 [si.e R-06R 41 2.5 81090.09 79235.80 280.40 315.00 25.04.99. - 29.04.94. ~
. < m »
QGEE() i S 3an:1/44 Mone:1/10(10)
. L —
K ok iR !

Fig. 2. Database of boreholes and trenches created with the use of the Micromine software

Table 2
Database Structure
Information about the coordinates of the beginning and additional information on a working. A working
Workines Data designation (identification number), an exploration line, the type of working, the coordinates of a working
8 beginning (X — east, Y — north, Z - RL), the length of a working (accepted, based on drilling data, based on
logging data), the length based on the logbook, the year of drilling/excavation, an area, comments.
Directional Information about the spatial position of the axis of workings. Boreholes: depth of measurement, true
Survey azimuth, vertical angle; Trenches: coordinates of beginning, end and bend points of a working.
Information with the data of geological sampling of core, channel. A working designation, sample number,
Samplin from, to, length of sampling interval, azimuth and dip angle of an ore body interception, true thickness,
pling grades of valuable components in g/t, % (Ag, Cu), type of ore oxidized/fresh, grades of valuable component in
mg (Ag), ore grade (sort), area, coordinates X, Y, Z.
. Information on the thickness and bottom of the weathering crust to determine the boundary of oxidized ores.
Weathering crust :
From, to, interval length.
gg::lcotg;al Fault information. From, to, interval length, comments about the type of fault.
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included in a pit envelope have been classified as
balance reserves, while those not included have been
classified as off-balance reserves. When estimating
reserves, if the block was divided into two parts by a pit
envelope, the ore bodies were delineated separately
in cross-sections at a pit boundary [14]. The part of
the ore body extending beyond the pit envelope but
supported by workings inside the pit envelope has
not been included in the off-balance reserve estimate.
Likewise, the area of the body that is within the pit
envelope but is supported by workings outside the pit
envelope has not been included in the balance reserve
estimate.

For underground mining, the delineation of ore
bodies was carried out based on the cross-sections
identified in the boreholes at a cut-off grade of
10.7 g/t, taking into account the orientation of
geological structures [15]. Reliability of the ore
bodies delineation was verified in a Micromine three-
dimensional model.

Pursuant to the recommendations of the
State Comission on Mineral Reserves (GKZ), when
classifying reserves based on exploration maturity,
blocks explored by grid spacing of 40-60 m and
enclosed between estimation workings were
attributed to C1 reserve category. The reserves
attributed to category C2 included blocks explored
by grid spacing of 40-60 m, delineated with limited
extrapolation to half the distance between workings,
but not exceeding 50 m, or up to 50 m from a working
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with the grade intersections meeting the exploratory
conditions (commercial intersections).

Table 3 provides a list of commercial intersection
intervals not included in the reserve estimation for
open-pit mining, explaining the reasons for their
rejection.

The vast majority of ore cross-sections excluded
from the reserve estimation constitute intersections of
ore bodies opened by a single section, not traceable at
lower conditions (cut-off grades) too.

As shown in Table 3, the majority of intervals are
less than the minimum true thickness of an ore body
of 5.0 m, but satisfying the GT condition, and due to
their boundary position between deposit complexity
groups 3 and 4, it is impractical to classify these
bodies as reserves. For open-pit mining, the position
of small ore bodies may be clarified by operational
exploration with possible subsequent upgrading their
materials classification to reserve categories. Table 3
provides a list of commercial intersection intervals
not included in the reserve estimation.

Method of constructing a wireframe model
of ore zones and bodies of the Berezkinskoye deposit
A wireframe model of ore zones [16, 17] and bodies
was constructed using the outlines obtained by the
developed technique. The following methodology was
used (step by step):
— the outlines of the ore zones and bodies were
linked between cross-sections;

Table 3
List of commercial intersection intervals outside the reserve estimation
Borehole WS b | thickmess m |G
1 2 3 4 5 6 7

0005G 23.7 40.0 16.3 6.4 12.20 Sole intersection of ore body
217 122.8 124.2 1.4 0.9 12.60 Sole intersection of ore body
517-2 28.0 30.0 2.0 1.8 11.96 Sole intersection of ore body
517-1 39.0 41.0 2.0 0.8 17.40 Sole intersection of ore body
518-2 32.0 33.0 1.0 0.8 13.35 Sole intersection of ore body
209 215.3 215.7 0.4 0.4 17.00 Sole intersection of ore body
521-2 185.0 187.0 2.0 1.9 21.15 Sole intersection of ore body
804 37.0 39.0 2.0 1.3 22.48 Sole intersection of ore body

LISOISE | 648 | 1125 411 205 20.77 ehole was completed within he ore body
7202SE 8.5 19.5 11.0 3.6 10.66 Sole intersection of ore body
1165SE 29.0 41.0 12.0 5.8 10.48 Sole intersection of ore body
1165SE 45.0 61.0 16.0 7.9 20.60 Sole intersection of ore body
K63ASE 12.0 14.0 2.0 1.9 22.34 Sole intersection of ore body
11730 6.0 8.0 2.0 1.2 18.90 Sole intersection of ore body
11830 18.0 20.0 2.0 1.3 21.96 Sole intersection of ore body
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Fig. 3. Vectorization of ore zone outlines at cross-sections linked to composite intervals on P-15 line, the Berezkinsky area
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Fig. 4. Linking outlines between cross-sections taking into account weathering crust and current position of mining work.
Construction of 3D wireframe model (cut-off grade of 28.3 g/ t, fresh ores) (lines P15, P57, Berezkinsky area)
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Fig. 5. Constructed wireframe model taking into account faults controlling plan, Berezkinsky area
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Fig. 6. Vectorization of faults in plan, Berezkinsky area
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— the wireframe model was stretched for half the
distance between exploration lines if an ore body or
zone was not traced in an adjacent cross-section. The
outer outline of an ore body or zone was depicted
using extrapolation to a distance corresponding to the
workings grid spacing for reserves of category C2 and
equal to 50.0 m;

— the wireframe model was adjusted in 3D mode
based on data from separate boreholes;

- to take into account the structural features of the
deposit, the constructed wireframe model was limited
by faults controlling ore bodies and zones, and truncated
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by the boundary between quaternary sediments and
bedrock, and also corrected by the envelope of the
existing pit (current extraction position) (Fig. 4).

Fig. 5 presents the constructed wireframe model,
taking into account the faults controlling ore zones
(Berezkinsky area).

A fault wireframe model construction

Fault activity in the area is intense and is
characterized by strike-slip and shift faults of

various signs and directions, from sublatitudinal to
submeridional, as well as a large thrust fault.

ey
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Tl n!

2 N

g e |

Fig. 7. Vectorization of faults in plan, Berezkinsky area
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A wireframe model of faults was based on the — construction of the fault wireframe model
Berezkinsky area plans and cross-sections. The model = based on the generated outlines by linking the
was constructed in several steps.

- vectorization of fault outlines on cross-sections the geological data on boreholes and trenches

outlines using the polygon method, considering

and plans (Fig. 6); (Fig. 7).
- linking and adjusting between cross-sections Fig. 8 shows the linked wireframe model of faults,
and plans taking into account geological data; Plan - Cross-Section, Berezkinsky area.

Fig. 8. Linked wireframe model of faults, Plan — Cross-Section, Berezkinsky area
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Fig. 9. Log histogram of the distribution of silver grades in the fresh ores of the Berezkinsky area
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Fig. 10. Graph of the cumulative probability of silver grades distribution in the fresh ores of the Berezkinsky area

Silver

Based on the results of statistical analysis, one
statistical population was identified at the Berezkinsky
area (Figs.9,10). Toidentify grade outliers,a cumulative
frequency curve was applied, with the selection of
populations by grade, which were determined by the
line bend on the graph (inflection point), making it
possible to identify areas of an ore body with different
mineralization intensity. Outliers with grade equal to
100 g/t of silver for fresh ores and 19.8 g/t of silver for
oxidized ores were identified. All samples with a grade
above this value were capped to a threshold level.

Conclusion

Application of modern geoinformation system
(GIS) technologies makes it possible to qualitatively
assess the prospects and estimate the reserves at the
deposits [18-20].

The material composition of ores, technological
properties, hydrogeological and geotechnical features
of the Berezkinskoye deposit have been extensively
investigated to ensure that C1 and C2 reserves can be
estimated and developed using the open-pit mining
method in the Eastern area of the Berezkinskoye
deposit.
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