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FEQ/IOr0-EKOHOMIYHA OL|IHKA POA0BULL
PYOHUX KOPUCHUX KOMANTUH HA OCHOBI PK O0H 2009
(HATIPUKNAZI KYCMYPUHCbKOTO POAOBULLIA MIALI B PECTTYBAILII KASAXCTAH)

GEOLOGICAL AND ECONOMICASSESSMENT OF ORE MINERAL DEPOSITS

BASED ON UN FRAMEWORK CLASSIFICATION 2009
(ON EXAMPLE OF KUSMURYN COPPER FIELD IN THE REPUBLIC OF KAZAKHSTAN)

(Mamepiana OpyKkyemuvcsa Mo8010 opu2inany)

HoBa mopens ekoHoMiuHOro 3pocranns KaszaxcraHy 3opieHTOBa-
Ha Ha 3HIDKEHHs BUPOOHMYOI 3aJI€XKHOCTI BijJ iMIIOPTY Ta 3pOCTaHHs
BHYTPILIHBOI cTaOIIBHOCTI. Y cTaTTi IOKa3aHo, 0 3pOCTAHHS iHBECTH-
HilTHOT MPUBAGINBOCTI TipHUYO-METANYPriiiHOI ramysi 6arato B 4oMmy
3yMOBJICHE BIIpOBajixKeHHAM y Ka3zaxcraHi MiKHapOIHOI CUCTEMHU CTaH-
mapTiB 3BiTHOCTI IO 3anacax KopucHux konaiauH CRIRSCO. Ha ocHoBi
reoJI0r0-eKOHOMIYHOI OLiHKY pofoBuia KycMypHH HajaHO peKOMEH/a-
il 1Of0 11 BJOCKOHAJIEHHS], HAOJIMKEHHS JO Mi>)KHAPOJHUX CTaHJapTiB.

Karouoei cnosa: Kasaxcman, sanacu, CRIRSCO, 2eon020-exoHoMIY-
Ha ouinKa, pooosulie.

The new model of economic growth in Kazakhstan is focused on
reducing production dependence on imports and increasing internal
stability. The paper shows that the growth of investment attractiveness
of the mining-and-smelting industry is largely caused by introducing in
Kazakhstan the international system of reporting standards for mineral
reserves CRIRSCO. Based on the geological and economic assessment
of the Kusmuryn deposit, recommendations have been given for its im-
provement, approximation to the international standards.

Keywords: Kazakhstan, reserves, CRIRSCO, geological and economic
assessment, field.

Introduction. Despite all the changes in the economy of Kazakh-
stan, the fuel and raw materials complex remains the key source of
its income. The main features of the Kazakhstan economy are as
follows: an active government intervention in the economy;a poor-
ly diversified structure of the economy with the predominance of
industries and segments focused on the extraction of natural rent;
a growing dependence on foreign investments [1].

The national economy progress is constrained by internal prob-
lems of the mining-and-smelting industry: depletion of the mineral
resource base, deterioration in the quality of mined ores and slow
development of new deposits, a low degree of complexity in the
use of mineral raw materials, low production volumes of high con-
version, an obsolete technical base [2]. The situation is aggravated
by the growth of the environmental security of the state not only
in the segments of oil-and-gas and coal production that are the
main sources of environmental pollution, but also as part of the
pace of developing nuclear power generation. The above-said con-
firms the need of attracting investments in exploration to replenish
the resource base. Moreover, Kazakhstan is set to comply with the
Extractive Industries Transparency Initiative Standards.

Presentation of the material. Reducing the production depen-
dence of the economy of Kazakhstan on imports and the growth of its
internal stability is mainly reflected in the forming the basis for the
growth of non-oil exports; the involvement of raw materials in the
Kazakhstan production chains. New measures of the government
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support for commodity producers stimulate developing the Ka-
zakhstan content, open up prospects for modernizing the existing
industries and provide transition to producing the goods necessary
to meet the needs of the domestic market with a corresponding pa-
rity of price and quality. In nonferrous metallurgy emphasis will be
placed on expanding the production of base metals (copper, gold,
titanium, aluminum); increasing the production of various articles
(wire rod, wire, rolled metal, profiles and alloys, foil, jewelry) [3].

To overcome the “trap of average income” on the way to en-
tering the thirty developed countries of the world, Kazakhstan is
forming a new model of economic growth. It is based on stimu-
lating export-oriented production by increasing the productivity
and complexity of the economy, developing the human capital
and attracting private funds in the conditions of increasing com-
petition, the leading role of the private sector and realizing the
development potential of the country’s regions. The goal has
been set: to double non-commodity exports by 2025, to intensify
industrialization with the emphasis on competitive export pro-
duction in priority sectors of the economy [4] (Table 1).

One of the primary conditions for the growth of investment attrac-
tiveness of the mining industry and the mineral resource complex of
Kazakhstan is transition to the international system of reporting stan-
dards for mineral reserves CRIRSCO. In accordance with this system,
geological and technical information is determined for the projects
being developed that enterprises should show to the public. Only
such an approach can guarantee investors the confidence that the in-
formation provided to them is as reliable and truthful as possible.
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Table 1. The key national indicators
. : Years

Indicator Unit 2016 | 2021 | 2025 | 2050
The GDP per capita in current dollars in nominal terms 7715 13190 18500 33270
The labor productivity growth % increase of the 2016 level in 2016 prices - 24 51 363
The Volqme of non-commodity exports of goods billion dollars 192 292 410 90,0
and services
The share of non-observed (shadow) economy % of the GDP 25,8 23 20 15
Fixed investments % of the GDP 16,4 171 194 30,0
The Logistics Performance Index (World Bank) the place 77 40 38 30
The GDP energy intensity (the indicator of proxy | o/ jecrease of the 2008 level 13 20 25 50
impact on the environment, according to the IEA)

Source: Strategic Plan of the Republic of Kazakhstan Development till 2025. Approved by the Republic of Kazakhstan President’s Decree Ne 636 dated 15/02/18.

Achieving the sustainable development of Kazakhstan re-
quires intensification of extracting and processing natural re-
sources into finished products. To solve the problem of growing
the quality of rude minerals of non-ferrous metallurgy, it is ne-
cessary to improve the quality management system based on
geological and technological typification of ores. And here not
only geological and geophysical studies will have an invaluable
role, but also a detailed, reliable geological and economic assess-
ment of various fields.

The object of this study is the Kusmuryn pyrite-copper-lead-
zinc deposit, a structural unit of the Kazakhmys Corporation
LLP, one of the three largest copper producers in Kazakhstan.
The Kusmuryn field is an object of the exploratory study within
the framework of the state assignment for studying the promi-
sing areas for attracting investments.

Kazakhstan accounts for about 6 % of the globally proven cop-
per reserves, or more than 41 million tons. At present copper is used
at 64 objects, of them 14 are mined, 35 are explored and 15 are ex-
plored and mined. In the ranking for investments in the subsoil use
of copper the Kazakhmys Corporation LLP accounts for 73 % of
capital investments and 56 % of the annual copper production in
the country. According to forecasts for 2018, the amount of invest-
ments in the copper industry will amount to $876 million including
$10 million that will be spent on geological exploration [5].

The Kazakhmys Corporation LLP that has all the necessary
capacities in the cities of Zhezkazgan and Satpayev for extracting,
processing and producing finished products, is the main potential
consumer of copper in the Zhezkazgan region. In the coming
years the Kazakhmys Corporation plans to build a processing
plant and to further explore the Akbastau-Kosmurun ore field in
order to detect copper, gold and other minerals.

In the post-Soviet period the Kazakhmys Corporation LLP
developed the field by the open method with further mining by
the underground method. Until 2009 the deposit was one of the
main sources of raw materials for copper and copper-zinc ore for
the Karagaily concentrator, a member of the corporation.

However, the mixed type of ores with a higher content of cop-
per and zinc oxides, the high labor intensity of dressing copper-zinc
ores, the long-term transportation of ore by dump trucks along the
grader road to the processing plant and insufficient knowledge of
the technology for processing copper-zinc ores negatively affected
the cost of concentrate obtained from them. Therefore, at the end of
2009 the Kazakhmys Corporation LLP was forced to stop mining
operations in the field, and in the middle of 2010 permission was
received for the “conservation” of mining operations until 2012.

At the same time the Corporation carried out geological
exploration in the field to select a representative technological
sample, to carry out tests and to further develop a scheme for
processing copper-zinc ores. It was necessary to carry out drilling
work with taking the core material for technological mapping,
additional exploration of the flanks of the field, both along strike
and to the dip. Due to the need of revising the depth of the field,
studying stability of the future pit walls, it was planned to carry
out engineering and geological drilling followed by tests for de-
termining physical and mechanical properties of the rocks.

In terms of its material composition (pyrite up to 90 %), the
ore of the Kusmuryn field is classified as a copper-pyritic industrial
type with such main ore-forming minerals, as pyrite, chalcopyrite,
sphalerite, galen [7]. In accordance with the approved reserves, the
field is recognized as small. Since the Kusmuryn deposit is an object
of exploratory research in the framework of the state assignment
for studying promising areas for attracting investments, in 2013 the
exploration work was resumed. Taking into account a significant
effect of the steeply inclined occurrence of some ore bodies on sta-
bility of the ore and rock massif in the course of developing, more
geomechanical research was needed to monitor the rock massif
state, mine safety and adjustments to mining technology.

For subsequent developing the technology of processing copper-
zinc ores and building a new concentrator near the deposit, addi-
tional exploration was carried out. Technological samples of copper
and copper-zinc ores from cores of ore bodies drilled in the contours
of ore bodies were picked with intersecting at various horizons; the

Table 2. Summary table of reserves in the contour of the Kusmuryn open pit for the side copper content of 0,7 % on 01/01/2018

E Content VEIIS;IL A Mineral reserves
§ COZ’ ZOZ’ I;/?’ :/1:’ ':/%’ Sizrr., tot?% Cd, g/t|Se, g/t| Te,g/t| e | SCTVES L | Cu, t.t|Zn, 1.t tPtt;: Au,kg| Ag, t Sf'}t’r" S:it" Cd,t| Se,t | Te, t
Upper ore body

C, 4,26 ‘ 2,55 10,61 ‘ 3,01 ‘33,60‘ 23,15‘ 3746 ‘198,26‘195,24‘131,49‘ 344,69 ‘ 14649 ‘ 624 ‘ 374 ‘ 9,0 ‘4407,1 49,2 ‘ 339,2 ‘548,8 290,4(286,0(192,6
Lens 11T

G, 1,72 ‘ 0,23 0,00‘ 0,03 2,]4‘13,55‘ 14,37 ‘ 3,44 ‘ 0,50 ‘ 0,30 ‘ 71,51 ‘ 303,9 ‘ 52 ‘ 0,7 ‘ 0,0 ‘ 9,9 ‘ 0,7 ‘ 41,2 ‘ 437 ‘ 1,0 ‘ 0,2 ‘ 0,1
Total

C+GC, 382 ‘ 2,15 0,51 ‘ 2,50 ‘28,20‘21,50‘ 33,49 ‘164,78‘161,78‘10&95‘ 416,20 ‘ 1768,8 ‘ 676 ‘ 38,0 ‘ 9,0 ‘4417,1 49,9 ‘ 380,4 ‘592,4 291,5(286,2|192,7
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Table 3. Reserves movement at the Kusmuryn deposit on 01/01/2018 in the contour of the project open pit

MIHEPAJIbHI PECYPCU YKPAIHU « N2 2, 2019

s
g |9
23 |G
gs Q
L1
-
5% | .~
w
EE %
2= ~
gz | °
=3
“
b4
® Z
5 @)
=
=
(—)
= “
5 Q
S
=
=
° | E—
1]
D
[~ -
&)
Q
 Q
g g
O3
Na}
~
©)
+
Q
~
$)

Remainder on 01/01/2012

G
For open development

o
° o
—
S
N
25
S S
S
<
Q
 Q
2§
o=
e
B J
> M T
20 o)
Qg
Sw
< I
m(/]
80 |3
= 0 | g @
Q= NU
S o=
& o M
)
52
(=)
)
on
% o2
a3z
==}
o &
g &
Z8
(S8
S

v
CSINI~N[n | N
= ° ° X R
BN NIm SN
BNNNNN‘NN' Tw] w9 T e
@
13
e
)
= =N v~
2| Tlale| X, R a2 Vv g8 IS|
Edg|Sn @ oL d L QRS SISS
S & Qe =&« | IV S|
]
=
]
8w Qg
2L e Slalq v 1 alnis FleS e 2T
A8 EE =LY YR ® || === N
SEEEEEHE R EREEESEEREEEE
Y| = - SIS
$
Tt
S
2 | o =218 I |m
E danjanja=e/Hd RG2S IS E S 0w
EAE ARSI NN NI R IR IR A
@»n | N cccﬁﬁ
<=
£
]
SAEY - ® |« || =|® "
S TN oo &S eln =0 gl
MR EHE R HEEEEE R
= |3 ||« 3| T wl| F e RSS SRS
N X NIREEN
SR RIS SRY  sRTSsE
2RISR ISR SR RIS
* N ™~ RS NSISS
NI
Vgl D~ NRINIERIRIEE
R Al *N'“Q"Go"e SYESTR BRI~
BIY SN R RS NS
N o ~ NS
n NARGER
V[ ot w22 [x[D T YN RN~
N“%AS%VLQ"V:%*S ~lae aliN~
L8N FICIQISIS| R SN TSISIS
w ~ ~ 0 NS9SS
o e \O >~ | v
MR PG R AR LN ol TR NS
IR N IR NIR “ldjeRidz|iZR
) "o | IS <+ | N | 2=
Ql~ NS REECE I N “lolg|s|I
P
L
-
9]
]
Q
=
p=
Se o N =~ R Koo
=~ 2SS o n | n 0| wn| o S|a|n
282228194218 232|483/ 8]%
&l =[O0 = od TN NS SIS S| o
0| |~
IS n| o =~ =
22 S slazldw 1S3 382 2SS
N SN ||| | = —“lSlalIeale v
o — | mo"ddmm
v | < 0| |~
S ) 3 =~ =
=] | o <+ ~ <t || o N |
HEEHEHBE R SRR R
K== = D AN AR o el ol el R SN )
=l gl 2| g
I N EEEEEE B EEIEE
S|4 S| g
S| =S S| S
%) -
o =
Z 2
Q Q
2 vog 3|,
L EE,*:O EE.‘:
° S|E|lo EIR=
2y HHEEE 2 2E
e b b b
Clglolo| 85|55 E55 g c=|85EEE S
S Elsl2TITIRIEI S E ElES2TITIRIEC
S|R| |7 2|28 B|E|<|S|R|anm| 2283 2|.8

structural-tectonic structure of the deposit rocks
was studied by drilling wells using electronic
core guide and geotechnical documentation, and
physical and mechanical properties of rocks were
studied on samples taken from the core and con-
touring of the field, by drilling a well in the extreme
northern and southern profile across the strike.

According to the complexity of the struc-
ture, the Kusmuryn field belongs to the second
group: a network of drilled wells and mine
workings meets the requirements of studying
deposits of this category of complexity.

In 2016-2017 the remaining reserves of cop-
per ore in the contour of the project open pit
were calculated on 01/01/2018. The Upper and
Lens III ore bodies fell into mining, their re-
serves are listed in Table 2.

Table 3 shows the comparison of reserves re-
corded in the state balance of the Republic of Ka-
zakhstan, remaining in the mine according to the
mine data and calculated again. It follows from the
Table that there are still fairly large reserves of cop-
per in the project contour of the mine: 676 thousand
tons (3,82 %), zinc: 38.0 thousand tons (2,15 %),
gold: 4417 kg (2,5 g/t) and silver: 49,9 t (28,2 g/t). As
the studies show, it is necessary to make an adjust-
ment to the project of mining the reserves of the
field in the open pit, in case of a positive assessment
to produce the remaining reserves.

As it can be seen from Table 4, the comparison
of reserves suitable for underground mining due
to the additional exploration of 2010-2012, a sig-
nificant increase in reserves was obtained: the ore
relative increase was 89 % (15656 thousand tons),
copper 55 % (306 thousand tons), zinc 32 % (43
thousand tons), gold 42 % (6,4 tons), silver 49 %
(150 tons). The content of useful components de-
creased: copper by 8 % (from 3,14 % to 2,58 %),
zinc by 30 % (from 0,76 % to 0,53 %), gold by
24 % (from 0,86 g/t to 0,65 g/t), silver by 21 %
(from 175 g/t to 13,8 g/t). However, they remain
high enough for deposits of this type.

Table 5 shows the remaining reserves in the
contour of the project pit in terms of the grade
of conditional copper 0,7 % on 01/01/2018.

In general, the comparative analysis of re-
serves by conventionally accepted parameters
of conditions allowed drawing the following
conclusions:

a) the grade of conditional copper —in mixed
and sulfide ores it is 0,7 % — (as in the current
conditions); 0,6 %; 0,5 %; 0,4 %;0,3 %;0,2 %.

Ore sub-cuttings along the ditches, under-
ground mine workings and wells were allocated
for the specified grades of conditional copper,
but the reserves were calculated only by options
of 0,7 %, 0,6 %,0,5 % and 0,4 %.

b) We recommend referring to mixed ores
the ores with a copper and zinc content in the
oxidized and secondary forms more than 20 %
of their total content, to solid sulfide ores the
ores with the sulfur content of more than 35 %.
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Table 5. Reserves that remained in the project open pit contour by the grade of conditional copper 0,7 % on 01/01/2018
. Ore Content of useful components
t
ategory resctartves Cu, t.t ‘ Zn, t.t ‘ Pb, t.t ‘ Au, kg ‘ Ag,t ‘ S pyr., t.t ‘ S tot., t.t ‘ Cd,t ‘ Se, t ‘ Te, t
Upper ore body
C 14649 62,4 374 9,0 44071 49,2 339,2 548,8 290,4 286,0 192,6
4,26 2,55 0,61 3,01 33,60 23,15 3746 198,3 1952 131,5
Lens III
G, 303,9 5,2 0,7 0,0 9,9 0,7 41,2 43,7 1,0 0,2 0,1
1,72 0,23 0,00 0,03 2,14 13,55 14,37 34 0,5 0,3
Total
C+GC 1768,8 67,6 38,0 9,0 44171 49,9 380,4 592,4 291,5 286,2 192,7
3,82 2,15 0,51 2,50 28,20 21,50 33,49 164,8 161,8 109,0
¢) The coefficients for conversion into conditional copper: REFERENCES

for mixed ores: copper — 1,0; zinc — 0,4; lead — 0,4; for sulfide
ores: copper — 1,0; zinc — 0,3; lead — 0,2.

When converting to conditional copper, do not take into account
the copper content of less than 0,4 %, zinc 0,4 % and lead 0,5 %.

d) The minimum industrial thickness of the ore body and
grade interval for the open-pit mining is 4,0 m; for underground
mining it is respectively 2,0 and 4,0 m. At a smaller thickness
there is permitted contouring according to the corresponding GT
(grade x thickness).

e) The maximum thickness of the interlayers of dredged rocks
and substandard ores included in the calculation contour is 4,0 m
for open-pit mining and 3,0 m for underground mining.

Conclusions. The studies have established that calculation of
solid and vein-disseminated sulfide ores reserves should be made
in a single contour with separating copper and copper-zinc tech-
nological ore grades in the statistical way.

In the contour of balance ores, besides the main useful com-
ponents, it is necessary to calculate the reserves of gold, silver,
cadmium, total sulfide and pyrite sulfur, rare and trace elements.
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