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The purpose. The main purpose of the study is the identification of natural and technological
types and grades of ores, followed by their spatial zoning within the studied deposit.

Methods. The methods of interpolation and approximation of the initial data were used to display
the surface relief and distribution of minerals. The choice of method depends on the amount of initial
data and its uniformity. For spatial interpolation, the Kriging and radial basis functions methods were
used, which allows us to identify general patterns of distribution of the studied parameters. For fast
data evaluation with a large number of points, the methods of minimum curvature and triangulation
are used.

The results of the study include the creation of a digital model of the deposit, mapping of mineral
deposits with analysis of spatial changes, and estimation of copper and zinc reserves. The use of GIS
made it possible to visualize the three-dimensional distribution of minerals in the wells, which sim-
plified the analysis and improved its quality.

Originality. The scientific novelty of the study lies in the improvement of the methodology for
analyzing geological results at the stage of mining work planning, when the main strategic decisions
regarding deposit development in the product quality management mode are made. The methodology
allows for a reliable assessment and zoning of ore deposits based on qualitative characteristics.

Practical implementation. The practical significance of the work lies in the use of GIS in the
development of a system for comprehensive technical-ecological-economic assessment of the effec-
tiveness of measures for managing the quality of mineral raw materials in complex conditions, where
reserves of valuable mineral raw materials are concentrated in thin and very thin ore veins. The choice
of technology for managing the quality of mineral raw materials is based on the results of the assess-
ment of the qualitative characteristics of minerals, the identification of natural types of ores in the ore
massif based on geological information, the substantiation of the characteristics of technological types
of ores, and their zoning in the underground space using geoinformation modeling.

Keywords: GIS, deposit, zinc, copper, geological surveys, modeling, quality management, ore,
wells, concentration, technology, efficiency, geological cross-section, geodetic monitoring.

Introduction. The main goal is the selection of natural and technological types
and grades of ores and their zoning in space. At the same time, at the planning stage of
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mining operations, the main strategic decisions regarding the development of the de-
posit are made in the mode of product quality management [1, 2].

To achieve the goal, the following tasks were defined and solved: a geological
model of the deposit was created using geoinformation systems with the determination
of the spatial distribution of ore quality.

Research methods. To solve the tasks set in the work, the following research meth-
ods were used: review, generalization and analysis of previous theoretical developments
and practical experience on the topic research; method of geological mapping; remote
methods of obtaining initial information (satellite surveying); methods of mathematical
statistics and probability theory; methods of programming and development of geoin-
formation systems.

The practical significance of the work lies in the use of GIS in the development of
a system of complex technical-ecological-economic evaluation of the effectiveness of
measures to manage the quality of mineral raw materials [3].

The main methods of managing the quality of mineral raw materials: the separate
extraction of technological grades of mineral in many deposits allows to significantly
increase the indicators of production during processing, as well as the level of complex-
ity of the use of subsoil and minerals extracted, which is very important for increasing
the capacities of enterprises for the production of final products and reducing costs for
its production.

The choice of technology for managing the quality of mineral raw materials is
based on the results of the assessment of the qualitative characteristics of minerals, the
selection of natural types of ores of the ore massif based on geological information, the
substantiation of the characteristics of technological types of ores and their zoning in
the underground space using geoinformation modeling. Spatial placement of ore types
and their quantitative ratio form the strategy of deposit development as management of
the quality of mineral raw materials.

Description of the object of research. The Watson Lake mine network is char-
acterized by a volcanogenic array of base metal deposits in an area located in northwest
Quebec with high zinc, copper, and silver content [4].

To date, extensive stratigraphic drilling and accompanying electromagnetic stud-
ies of the wells indicate that the geological potential is quite large. The discovery of a
new, higher grade (>20% zinc) Noranda deposit immediately adjacent to Watson Lake
strengthens the case for continued exploration at greater depths.

The Watson Lake deposit is characterized by high variability of the concentration
of the useful component in the ore body. It is represented by a massif of rocks, pene-
trated by a dense network of differently oriented veins and veins containing ore min-
erals. Therefore, the problem of using separate extraction and separate processing of
different grades of ore is relevant. For underground mining, producing selective ore
extraction is a challenging task.

With the help of the Google Earth Pro program, the coordinates of the boreholes
were obtained (table 1) by combining the map of the area with the selection of the
mining zone and the electronic map (fig. 1).
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Fig. 1. Map of the Watson Lake field with the extraction zone highlighted

Table 1
Information about drill holes where the Zn layer is present
Drill- | v 1M | yUuT™M | 2 | Azimuth|Inclination| Length | 2™
hole ID concentration
86-2 [301817.27|5511699.51|269.90 | 325.00 5.00 721.77 2.21
86-3 [301351.57|5511928,29|269.10| 56.00 5.00 728.47 2.02
86-4 [301169.66|5512477.43|269.90 | 232.00 5.00 534.92 0.76
84-2 1301474.08|5512371.33|269.90 | 0.00 0.00 648.00 2.70
74-8 |301273.96|5512931.18| 270.00 | 0.00 0.00 605.00 3.10
84-9 1301699.48|5512219.39/269.00 [ 0.00 0.00 730.00 3.70

The deposit is characterized by reserves of valuable mineral raw materials, con-
centrated in thin and very thin ore veins. The development of such reserves by tradi-
tional technologies, which include blasting, leads to a significant reduction of the ore
mass by waste rock, which increases the costs of processing raw materials and reduces
the through-flow of metal. It is advisable to use technologies and equipment for me-
chanical selective excavation. A promising way to highlight local areas can be their
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contouring with the help of cutting. It is in such cases that it is extremely necessary to
model the deposit using GIS technologies [3].

The technology of local excavation of the richest areas of the vein is used by cut-
ting slits along the borders of the veins with cutting discs and breaking out the obtained
core. Then explosive loosening is carried out near the vein rocks. The remaining part
of the veins, with a lower metal content in the ore, 1s mined using traditional technolo-
gies based only on the explosive loosening of strong rocks. Separate processing of ores
of different grades ensures high rates of metal extraction, which compensates for addi-
tional costs associated with local mechanical excavation of rich areas of the vein [5].

In the delineated zone throughout the depth of the wells, there are rock zones with
low-quality copper/zinc mineralization. In figure 2, they are represented by wells 74-
12, 74-14, 74-15 created by diamond drilling. A large number of wells intersect weak
and disseminated copper-zinc mineralization in chloritized acid volcanics.

10+00 SW 7414 7412 7415 BL

Overburden

LOOKING NORTHWEST

1 Rhyolite (Watson Lake Group)

Gabbro
B Tuffite

/ mineralized section

Fig. 2. Research area with wells plotted
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The value is represented by the "key tuffite" zone (figures 3, 4), within which
there are areas with increased metal content, for example, in wells 84-10 (2.7% Zn),
86-2 (3.1% Zn), 86 -3 and 86-4 (3.7% Zn), the presence of several narrow but well-
developed copper and zinc sulfide deposits is observed. Based on the results of re-
search, it can be concluded that mining of minerals is planned to be carried out in dif-
ficult conditions, where reserves of valuable mineral raw materials are concentrated in
thin ore veins. At the same time, the problem lies in the clear zoning of rich deposits,
which is precisely what can be done with the help of GIS technologies [3, 6].

Fig. 3. 3D model (a) and cross-section of the map (b) for the visualization of
layers with the highlighting of the layer of "key tuffs" (red color)

The analysis of copper-zinc ore reserves showed that the separation of ores into 2
varieties: copper and copper-zinc, increases the extraction of zinc from copper-zinc
ores, and can also significantly increase the extraction of copper during beneficiation.
Due to the separation of ores into two grades, copper extraction during beneficiation
will increase by 5%.

Calculations show [6, 7] that thanks to the division of reserves into copper and
copper-zinc ores, it is possible to increase the production capacity of the enterprise in
terms of value by 1.20—1.25 times. In addition, the damage to the environment will
decrease by 1.2—1.25 times, respectively. This is significant if we take into account that
compensation payments for environmental damage are very high and significant sav-
ings can be predicted from increased mineral extraction [8].

Research method. The first stage of the development of mineral raw material
quality management systems is a comprehensive study of the qualitative characteristics
of minerals based on the data of geological exploration, laboratory research, the results
of research and industrial experiments and industrial exploitation of deposits. The next
stage is the modeling of qualitative characteristics of minerals using GIS technologies,
geometrization of object parameters (ore bodies, distribution of ore-forming minerals
in the ore body, indicator of enrichment, contrast, clogging, content of valuable com-
ponents, etc.). The main goal of this stage is the selection of natural and technological
types and grades of ores and their zoning in the quarry space. At the same time, at the
planning stage of mining operations, the main strategic decisions regarding the devel-
opment of the deposit are laid in the mode of product quality management [3, 8—10].
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Fig. 4. Geological cross-section of productive wells

The construction of a digital model of the terrain requires a certain form of repre-
sentation of the initial data (a set of X, Y, Z point coordinates) and a method of their
structural description, which allows restoring the surface by interpolation or approxi-
mation of the initial data. Data files were created (table 2) and, using the Kriging inter-
polation algorithm, grid maps were created in the Surfer program as GRID files. As a
result, a contour map of the mining zone was constructed, which is presented in fig-
ure 5.
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Table 2
Coordinates of wells (for constructing the relief)
Drill-hole
D X Y Z
74-8 301273.96 5512931.18 270.00
74-12 302058.63 5512926.62 273.60
74-13 302228.74 5512800.79 269.90
74-14 301977.06 5512874.72 274.00
74-15 302158.42 5512990.29 270.30
83-1 301958.78 5512699.14 269.00
83-2 301723.78 5513015.29 269.00
83-4 301828.85 5512771.62 269.00
84-1 301463.98 5512681.64 270.00
84-2 301474.08 5512371.33 269.90
84-3 301763.32 5512563.51 269.10
84-6 300990.71 5513487.99 269.00
84-7 301877.05 5512264.42 273.40
84-8 301146.74 5513279.43 270.00
84-9 301699.48 5512219.39 269.00
84-10 300871.98 5512945.24 270.00
86-2 301817.27 5511699.51 269.90
86-3 301351.57 5511928,29 269.10
86-4 301169.66 5512477.43 269.90
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Fig. 5. Relief of the research area:
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With the help of methods of three-dimensional visualization, adding surfaces,
combining map types, a complete figure of the final report is created (figure 6). Data
bases (tables 2—4) are generated to obtain a map of wells that are loaded into the Drill-
hole dialog box. Table 5 is loaded in the grid data dialog as a 3D XYZS data type.

Table 3 Table 4
Survey Interval
hlglrélﬁ) MD Azimuth r{gt(il(;l DrﬂIl]_)hOle From To Zn
74-8 570 0 0 74-8 320 323 3.10
83-1 575 0 0 83-1 415 419 4.30
83-2 561 0 0 83-2 505 510 4.80
83-4 610 0 0 83-4 567 570 3.50
84-1 588 0 0 84-1 490 493 0.30
84-2 572 0 0 84-2 460 463 1.70
84-3 563 0 0 84-3 387 391 2.50
84-6 610 0 0 84-6 543 546 2.10
84-7 620 0 0 84-7 520 523 3.40
84-8 598 0 0 84-8 578 582 2.30
84-9 590 0 0 84-9 546 550 3.30
84-10 587 56 15 84-10 568 570 0.20
86-2 721 325 5 86-2 688 691 2.20
86-3 728 56 5 86-3 673 677 2.02
86-4 535 232 5 86-4 519 523 0.70
74-14 560 0 0 74-14 527 532 5.60
74-12 270 0 0 74-12 455 461 5.80
74-15 0 0 0 74-15 0 0 6.80
Table 5
Concentration
Drill-hole ID X Y V4 Zn concentration

78-4 301273.96 5512931.18 270.00 3.10

83-1 301958.78 5512699.14 269.00 4.30

83-2 301723.78 5513015.29 269.00 4.80

83-4 301828.25 5512771.62 269.00 3.50

84-1 301463.98 5512681.64 270.00 0.30

84-2 301474.08 5512371.33 269.90 1.70

84-3 301763.32 5512563.51 269.10 2.50

84-6 300990.71 5513487.99 269.00 2.10

84-7 301877.05 5512264.42 273.40 3.40

84-8 301146.74 5513279.43 270.00 2.30

84-9 301699.48 5512219.39 269.00 3,30

84-10 300871.98 5512945.24 270.00 0.20

86-2 301817.27 5511699.51 269.90 2.20

86-3 301351.57 5511928.29 269.10 2.02

86-4 301169,66 5512477.43 269.90 0.70

74-14 301977.06 5512874.72 274.00 5.60

74-12 302058.63 5512926.62 273.60 5.80

74-15 302158.42 5512990.29 70.30 6.80
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Fig. 6. 3D visualization of the location of the zinc concentration layers in the deposit
from the lowest (blue zone), the average concentration (green zone)
to the highest (red zone)

Results. The presented studies help to effectively solve the problems of mineral
extraction in complex conditions, where reserves of valuable mineral raw materials are
concentrated in thin ore veins. A quality management system for mineral raw materials
must be provided from the quarry to the beneficiation factory. At the same time, effec-
tive management of the quality of ore preparation can be based on the following prin-
ciples:

— constant clarification of data on the qualitative characteristics of minerals based
on the results of operational exploration, magnetic logging of wells, chemical analysis
of raw materials at all stages of its processing, etc., implementation of innovative meth-
ods to clarify and expand information on the qualitative characteristics of minerals;

— use of GIS when planning mining operations (annual, monthly, weekly-daily,
variable), continuous replenishment of GIS with refined data on minerals;

— management of the order of mining of minerals; GPS-positioning of excavation
and transportation navigation (taking into account the quality of raw materials in
transport vessels);

— implementation of automated systems for managing cargo flows taking into ac-
count the quality of raw materials.

Conclusions. Spatial distribution of ore types and their quantitative ratio form the
strategy of working out the deposit in the mode of managing the quality of mineral raw
materials. In order to implement the existing methods of managing the quality of min-
eral raw materials during extraction and possible ways of increasing their efficiency
through separate extraction, a thorough analysis must be carried out. The method of
zoning in the quarry space of technological types of ores in the deposits is given, taking
into account the comprehensive assessment of the qualitative characteristics of miner-
als based on modern geoinformation technologies.

48



T'ipnuymeo

For the interpretation of data in geoinformation systems, a method is proposed
that requires the preliminary creation of a geological database and allows reliable as-
sessment and zoning of ore deposits based on qualitative characteristics.

The methodology allows you to adjust the built models depending on the estab-
lished or changed requirements for the quality of minerals. The mining and geological
information system, improved due to the presented methodology, allows with high re-
liability to zone technological types and varieties of ores in space, which helps to
choose the most effective method of ore preparation in the mode of ore quality man-
agement for specific mining and geological conditions at the stage of planning mining
operations. An example of the zoning of technological types of ores in the conditions
of the deposit is given Watson Lake and methodological approaches to the selection of
effective methods of managing the quality of mineral raw materials in complex mining
and geological conditions of working out deposits and increasing requirements for
product quality.
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AHOTAIIA
Meta. OCHOBHOIO METOIO JIOCTIPKCHHS € 1eHTU(DIKAIlIS TPUPOTHUX Ta TEXHOJOTIYHUX THIIIB 1 COp-
TiB Py[l 3 TOJAAJIBIIIUM ITPOCTOPOBUM PAaHOHYBAaHHSM y MeXaX JOCIiKYBaHOTO POJIOBHUIIIA.

Metoauka. J{ns BinoOpaskeHHs penbedy MOBEPXOHB Ta PO3IMOILTY KOPUCHUX KOMAJIMH 3aCTOCOBAHO
METOAM IHTEPIIOJIALIT Ta ampoKCUMAIlii TOYaTKOBUX JaHUX. BuOip MeTOMy 3aIe)KUTh BiJl KUTBKOCTI
BUXITHUX JAHHX Ta X piBHOMipHOCTI. [|Jis1 MpOCTOpOBOI iHTEpIOIIALii BUKOprCcTaHO MeToau Kpirinra
Ta pagiayibHUX 0a3uCHUX (DYHKIIIH, 1110 JO3BOJISIE BUSIBUTH 3arajbHi 3aKOHOMIPHOCTI PO3MOLTY J10C-
JDKyBaHUX mapameTpiB. s mIBUAKOI OLIHKM JaHUX MPH BEJHKiH KUIBKOCTI TOYOK 3aCTOCOBAHO
METOAM MIHIMaJIbHOI KpUBU3HU Ta TPIaHTYJISALII.

Pe3yabTaTH 10CIDKEHHS BKIIIOYAaIOTh CTBOPEHHS LI(PPOBOI MOJIEIi POIOBHIIA, KapTOrpadyBaHHS
3aJsIraHHs KOPUCHHUX KOTIAJIHMH 3 aHAJII30M IPOCTOPOBHX 3MiH, @ TAKOXK OLIIHKY 3aI1aciB MiJli Ta IIUHKY.
Bukopucranns ['IC n1o3Boamiio BizyasnizyBaTu TPUBUMIPHUN PO3IOJI1IT KOPUCHUX KONAJIUH Y CBEPII-
JIOBUHAX, 110 CHPOCTHJIO aHAJI3 Ta MOKPAIINIO HOTrO SIKICTb.

HaykoBa HOBHM3HA poOOTH MOJISATAE B yIOCKOHAICHHI METOJAMKH aHANI3Y T'€OJIOTIYHUX PE3YJIbTaTiB
Ha eTari MIaHyBaHHs TIPHUYUX pOOIT, KOJIH 3aKJIa1al0ThCcsl OCHOBHI CTpaTeriyHi pillleHHs 100 PO-
3pOOKH POJOBHUIIA B PEXKUMI YIPABIIHHS SKICTIO TPOAYKIii. MeToanKka 103BOJISE TOCTOBIPHO TIPO-
BOJIUTH OI[IHKY Ta paifOHYBaHHS POJIOBHILA PY/ 3a SIKICHUMU O3HAKAMHU.

IIpakTnyne 3Ha4YeHHs poOOTH nossArae y BukopuctanHi I'IC mpu po3poOiii cucTteMu KOMILIEKCHOT
TEXHIKO-eKOJIOT0-eKOHOMIYHO1 OLIHKY €()eKTUBHOCTI 3aX0/1iB 3 YIPABIIHHS SIKICTIO MIHEPAIBbHOT CH-
POBHHU B CKJIQJIHUX YMOBAaX, KOJU 3aIacH I[IHHOT MiHEpaJbHOI CUPOBHHHU 30CEPEIKEH] B TOHKHX 1
Iy’Ke TOHKUX pyIHUX *kuiax. BuOip TexHonorii ynpasiiHHS SKICTIO MiHEPaJIbHOI CHPOBUHHU 0a3y-
€TbCS Ha pe3yJbTaTaxX OLIHKM SKICHUX XapaKTEPUCTUK KOPUCHUX KOMAJIMH, BUAUICHHI IPUPOIHUX
THUIIIB PyJl PyIHOTO MacHBY Ha OCHOBI I'€0JIOT14HOT 1H(OpMallii, OOTpYHTYBaHHS XapaKTEPUCTHK Te-
XHOJIOTTYHHX THITIB Pyl Ta IX 30HYBaHHS B M1J36MHOMY ITPOCTOPI 32 IOMTOMOT' 010 T'e0iH(pOpMaLifHOTO
MOJICTTFOBaHHSI.

Knrwuoei cnoea: I'IC, pooosuwe, yunk, mMiob, 2e0n02iuHi 00CiONCEHHS, MOOENIOBAHHS, YNPAGIIHHSA

sAKicmio, pyod, c6epONIo8UHU, KOHYEHMPAayis, MexHoN02is, eQeKmueHicmy, IHICEHEPHO-2e0N02IUHUL
nepepis, 2e00e3udHUll MOHIMOPUHE.

50


https://www.sciencedirect.com/journal/ore-geology-reviews
https://doi.org/10.1016/j.oregeorev.2013.06.014

