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Abstract: Here we introduce "Pre-mining potentiality of mineral deposit” and gets marked "P,,," under this methodology,
which comprehensively represents the mining and geological conditions in the crust, the geologic parameters, study and
calculation of mineral reserves, mining method, moreover assessments of other studies such as for operation, location and
marketing capabilities, a warning forecast of the economic viability and environmental impact on nature. The pre-mining
potentiality evaluation of mineral deposits can be considered as the most comprehensive pre-production assessment of a
deposit, which makes it possible to compare it with other same type deposits and to assess and determine the priorities of this
field. External factors, the method of mining development, production productivity, the technique and technology of the
extraction system, the amount of capital investment, the professionalism and the capacity of management and financial
capacity of the project executor, show the main effects on the actual magnitude of the final social and economic benefits that
result from the overall implementation of the project. And the internal factors in it, deposits, mining and production and
economic as well as environmental conditions, are the main foundation for those external factors. These internal factors need
to be examined before operational phase or during mine development, with detailed study in the framework of consistent
scientific research and consider clearly the logical and expected results of future mining operations. The following research
works are carried out to develop a mineral deposit. Including: reconnaissance studies, geophysics, hydrogeology, geotechnical
studies, resource delineation, evaluation work - a scoping study, preliminary and detailed feasibility studies, detailed
environmental impact assessment. In international practice these research and evaluation works are called in general in Russian
“HIpeIdKCINTyaTallnOHHBIE HCCIENIOBAHMAS MECTOPOKACHUS mose3Horo wuckomaemoro” and in English “pre-production
evaluation for mineral deposit”. These works of research and analysis for the development of a deposit are not feasible
simultaneously for all similar deposits, which require a lot of time and cost, therefore, the possibilities of evaluation and
comparison are not obtained, and their priorities are not well determined. So, here a scientifically methodological question is
being considered to evaluate the pre-mining potentiality, which is based on the influences of the internal factors of a given
deposit, regardless of time and cost, for evaluation, comparing and ranking in general.

Keywords: Pre-mining Potentiality, Classification of the Homogeneous Deposits, Mineable Potentiality,
Industrial Potentiality, Economic Potentiality, Identical Deposits, Significance of Deposit,
Productivity Orientation

assessing, evaluating and appraising each mineral deposit,
but all contain a goal of preparing the deposit for possible
exploitation.

Most of these studies isolate the deposit in discrete
situations and compare only few key parameters and
specifications to similar types of best exemplary deposits
(these may include active mines or fully fulfilled mines).
Thus, this method neglects many other possibilities. In other

1. Previous Word

Mineral deposits are evaluated in many ways through
various dedication and methodologies. Namely, resource
estimation, quality (standard) appraisal, geological evaluation,
economic evaluation, geologic-economic evaluation, scoping
study, prefeasibility to detailed feasibility study et-cetera.

All these methodologies have their own unique way of
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words, the methodology is to put aside the other similar
deposits and introduced only the pending deposit.

Currently, any mineral deposit is overly compared in terms
of its containing useful mineral substance or in ore reserves
as a large or small deposit [3]. This comparison is not enough
for many of the same types of deposits. Therefore, it is
necessary to develop a preliminary appraisal methodology
for the field in terms of self-contained potentiality.

Here we introduce "Pre-mining potentiality of mineral
deposit" and gets marked "Ppm" under this methodology,
which comprehensively represents the mining and geological
conditions in the crust, the geologic parameters, study and
calculation of mineral reserves, mining method, moreover
assessments of other studies such as for operation, location
and marketing capabilities, a warning forecast of the
economic viability and environmental impact on nature.

The pre-mining potentiality evaluation of mineral deposits
can be considered as the most comprehensive pre-production
assessment of a deposit, which makes it possible to compare
it with other same type deposits and to assess and determine
the priorities of this field.

External factors, the method of mining development,
production productivity, the technique and technology of the
extraction system, the amount of capital investment, the
professionalism and the capacity of management and
financial capacity of the project executor, show the main
effects on the actual magnitude of the final social and
economic benefits that result from the overall
implementation of the project. And the internal factors in it,
deposits, mining and production and economic as well as
environmental conditions, are the main foundation for those
external factors.

These internal factors need to be examined before
operational phase or during mine development, with detailed
study in the framework of consistent scientific research and
consider clearly the logical and expected results of future
mining operations.

The following research works are carried out to develop a
mineral deposit. Including: reconnaissance studies,
geophysics, hydrogeology, geotechnical studies, resource
delineation, evaluation work - a scoping study, preliminary
and detailed feasibility studies, detailed environmental
impact assessment. In international practice these research
and evaluation works are called in general in Russian
“IpeIIKCIUTyaTaAllMOHHbIC HCCIIEOBAHMS MECTOPOXKIACHHS
nosie3Horo uckomaemoro” and in English “pre-production
evaluation for mineral deposit”.

These works of research and analysis for the development
of a deposit are not feasible simultaneously for all similar
deposits, which require a lot of time and cost, therefore, the
possibilities of evaluation and comparison are not obtained,
and their priorities are not well determined.

So, here a scientifically methodological question is being
considered to evaluate the pre-mining potentiality, which is
based on the influences of the internal factors of a given
deposit, regardless of time and cost, for evaluation,
comparing and ranking in general [1].

2. Internal Factors and Evaluation
Specifications of Mineral Deposit

Expressive and key characteristics of inherent factors are
selected by evaluation specifications for the pre-mining
potentiality evaluation and development of a given mineral
deposit. Evaluation specifications are divided into mining,
industrial, economic and environmental conditions.

Mineable conditions:

1) ore reserves of the deposit (the ore reserves of the
deposit are the most important indicators for
production and the economy, henceforth, are selected
as the "basic potentiality or basic indicator" in this
methodology);

2) content of main minerals or elements in ores;

3) Accessory mineralization aside from primary
mineralization and elements in ores (here, apart from
the main economic components, what minerals and
elements are contained in ores that can be of value)

4) content of main elements and minerals in the accessory
mineralization;

5) type of ore body (veins, lenticular, stockwork, etc.);

6) the depth of the ore body;

7) number of ore bodies (how many ore bodies this
deposit consists of);

8) complexity of ore bodies (if the deposit consists of
several ore bodies, then that will influence the
development of the mine);

9) average thickness of the ore body;

10)the average width of the ore body;

11)average length of the ore body;

12)the inclination of the ore body (the inclination angle is
considered for what effect it has on the development of
the mine);

13)the strength of the ore body (according to the
classification of Prof. Protodyakonov) [19];

14)the strength of overburden or enclosing rocks
(according to the classification of Prof. Protodyakonov)

[19].

Industrial conditions:

1) Method of extraction (open pit and underground mining
or a combination of these methods) [5, 10, 11, 15, 18,
20];

2) readiness for operation (necessary research is required
for mine development: sterilization, geophysical,
hydrogeological, geotechnical studies and detailed
environmental impact assessment and feasibility studies)
[13, 16];

3) industrial conditions (regional and local infrastructure
conditions for the development of mine) [4, 6, 12].

Economic and ecology conditions:

1) the ability of the market (production demand, the ability
to deliver market demand and capacity, as well as price
levels) [4, 8];

2) economic benefits (considering the results of empirical
estimations of total investment, income and expenditure,
state and local tax payments, net profit and the number
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of employees, and life of mine, [14, 17].
3) impact on the environment (The level of negative
impact on the environment) [2, 7].

3. The Classification of Same Type
Deposits with Evaluation
Specifications

All similar or same type deposits, that have been studied
should be classified by these evaluation specifications. For
example, in evaluating a copper deposit, all other known
copper deposits within the country with estimated reserves
and already with substantial amount of survey should be
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classified by this methodology [1].

This will enable an opportunity to rank these similar
deposits by each specification. And for this classification to
be successful these specifications need to be collected from
their respective geological report for each deposit.

The classification is carried out according to the form
shown in Figure 1. The specifications are divided into either
three or five categories based on their individual quality, to
determine the corresponding intervals of quantitative values.
These categorization is dependent on the conditions of the
national or global practices of the time of classification and is
also dependent on the author's approach and expertise at that
time. Figure 1 serves as a sample, so all the specifications are
shown in one figure [1].
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Figure 1. Sample of classifications on the evaluated specification of pre-mining potentiality for mineral deposits.
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Impacts of evaluation specifications are divided into 5
ranks between "best" to "worst" and are numbered in Roman
numerals from I to V. Evaluation specifications are marked in
Latin alphabet and is used as a classification code [1]. This
allows the opportunity to mark each classification group
through code. For example: Performance classification group
"Content of main minerals of elements in ores" are encoded
from the start with "highest" in the following manner BI; B-II;
B-III; B-IV; B-V. Specifications of the "The ability of the
market" are encoded from the beginning with "favorable
conditions" for the next RI; R-III; RV, and so on [1].

These selected 19 (excluding the value for ore reserves of
the deposit) specifications show how these may relate to the
evaluation of pre-mining potentiality in deposits (Figure 2).

Here, the proportion of chosen specifications influence to
pre-mining potentiality evaluation of mineral deposits
supplied by this figure as follows: If data indices are
classified into 3 groups, then the middle group (average
numerical value) is considered non-influential i.e. normal,

and the upper and lower groups would denote +5%, -5%
respectively; if the group has 5 classification, while the
middle group is considered to be the same non-influence that
is normal, the best numerical value group is considered +5%,
the good and bad numerical value is considered +3%, -3%
respectively, and the worst numerical value is considered -
5%. For mathematical processing, these percentages are
represented by numerical indices as follows [1]:
1) the non-influential i.e. normal group is 1.0;
2) the group with influences +3, + 5% are represented by
indices 1.03 and 1.05;
3) the group with influences -3, -5% are represented by
indices 0.97 and 0.95.

The middle group of the classification show the normal
100% value of pre-mining potentiality for mineral deposits,
so the other specification groups affect either positively or
negatively due to their values. A logical principle is withheld
that all 19 specifications for pre-mining potentiality not
exceed £95% (19 x 5%) [1].

Figure 2. Share of influence, their indices and influence rate evaluation specifications for the pre-mining potentiality evaluation mineral deposits.

This classification is the foundation for evaluation of the
pre-mining potentiality of mineral deposits [1].

4. Determining the Basic Potentiality
Evaluation for Mineral Deposits

Classification code for the basic potentiality is "A" and an
evaluation index is chosen to evaluate the deposits with the
same starting point for any deposit at 100% potentiality,
which is expressed by evaluation index 1.0 [1].

Deposit reserve sizes vary depending on its mineral type.
For example, gold reserves of placer and hard rock deposits
are estimated at tens of kilograms to tens of tons and non-

ferrous metals deposits are estimated at hundreds of
thousands of tons to several hundred million tons, reserves of
coal deposits from several hundred million tons to several
billion tons. Thus, for the determination of basic potentiality
evaluation, indices were correlated with the divided batches
relative to their reserve amount.

The deposit basic potentiality marked "Pb" in the frame of
this methodology and is determined by the following [1]:

Pb=e+(c+ta: b-d)

Wherein: e, ¢, a, b, d - number columns of Figure 3.
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Figure 3. Reserves of different deposits and indices increase for each batch.

For example:
1) Basic potentiality for deposit with reserves of 70 kg or
0.07 tons.
Pb=1.0+(0.1+0.07 : 0.01- 0.01)=1.17;
2) For deposits with reserves of 200 kg or 0.2 tons.
Pb=1.0+(0.2+0.2 : 0.1 -0.01)=1.22;
3) For deposits with reserves of 3.726 tons.
Pb=1.0+(0,3 +3.726 : 1.0 -0.01)=1.33726;
4) For deposits with reserves of 11.543 tons.
Pb=1.0+(0.4+11.543 : 10.0-0.01)=1.411543;
5) For deposits with reserves of 542 tons.
Pb=1.0+(0.5+542 : 100.0 -0.01)=1.5542;
6) For deposits with reserves of 7563 tons.
Pb=1.0+(0.6+7563 : 1000.0 -0.01)=1.67563;
7) For deposits with reserves of 45600 tons.
Pb=1.0+(0.7+45600 : 10000.0 -0.01)=1.7456;

8) For deposits with reserves of 976 453 tons.

Pb=1.0+(0.8+976453 : 100000.0 -0.01)=1.8976453;

9) For deposits with reserves of 9 476 283 tons.
Pb=1.0+(0.9+9476283 : 1000000.0 -0.01)=1.99476283;
10)For deposits with reserves of 49 674 832 tons.
Pb=1.0+(1.0+49674832 : 10000000.0 -0.1)=2.49674832;
11)For deposits with reserves of 892 674 832 tons.
Pb=1.0+(2.0+892674832 : 100000000.0 -0.1)=3.892674832;
12)For deposits with reserves of 6 298 476 283 tons.
Py=1.0+(3.0+6298 476283 : 1000000000.0 -0.1)=4.6298476283;

These examples show that the evaluation can detailed in
decimal fractions and, it is for the author to decide the
decimal approximation.

As shown in figure 3 and from the examples, the basic
potentiality of mineral deposits can range between 1.1-4.9.

5. Other Potentiality of Deposits and the
Determination of Them

The concept of a complex condition that occurs because of
simultaneous impacts of mining and technical characteristics
besides mineral reserves shall be called "mineable
potentiality" and marked as "Pm". This potentiality is
determined by the geometric mean (average) of the influence
indices from B to N, as shown in Figure 1 [1].

P‘m = 2/131 'Icz : 1D3 'IE4 : 1F5 '166 : 1H7 : 118 : 119 : 1}(10 : IL11 : 1M12 : 1N13 BERTTN In (1)

Wherein: Pm — mineable potentiality of the deposit; IB1 —
index of main component in ores; IC2 —index for accessory
mineralization; ID3— index for accessory mineralization
content; IE4— index for type of ore body; IF5 —index for
depth of ore body; IG6 —index for number of ore bodies; [H7

—index for interconnection of ore bodies; II§ —average
thickness index of ore body; 1J9 —average width index of ore
body; IK10 — average length index of ore body; IL11 —index
for ore body inclination; IM12 — index for ore body strength;
IN13 —index for overburden and enclosing rock mass
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strength; n —number of mineable potentiality specification;

Another concept is the availability of industrial capabilities
of the deposit, which is called "industrial potentiality" and
denoted as "Pi ". This potentiality is determined by the
geometric mean (average) of the influence indices from O to
Q as shown in Figure 1 [1].

P = 2/101 Applpzt ot Iy (2)

Wherein: Pi —industrial potentiality of the mineral deposit;
I01-index for method of extraction; IP2 — index for
readiness of mineral deposit; IQ3 — index for industrial
conditions of the deposit; n — number of industrial
potentiality specification;

One other complex condition arises because of the effects
of economic-environmental specifications and is called
"economic potentiality" field. Economic potentiality is
marked "Pe" and is determined by the geometric mean
(average) of the influence indices from R to T, as shown in
Figure 1 [1].

P, = 1\1/1121 sy Ipz et Iy 3

Wherein: Pe — economic potentiality of mineral deposit;
IR1- index for market ability; IS2 — index for economic
benefits; IT3 —index for impact on the environment; n —

number of economic potentiality specification conditions;

In the formulas 1, 2, 3 the number of respective
specification is marked with the letter "n", it expresses that
the number of specification depends on the author's choice.

6. Evaluation of Pre-mining Potentiality
for Mineral Deposits

The mathematical expression for estimating the pre-mining
potentiality of mineral deposits is determined with the 4
potentialities (the basic (Pb), mineable (Pm), industrial (Pi)
and economic (Pe) potentialities) which were defined in the
third and fourth sections of this methodology:

Formula 4

PmePb'Pm'Pi'Pe; (4)
The minimum value of mathematical expression for
estimating pre-mining potentiality (Ppm) is 0.9438, the
maximum value is 5.6742.
The maximum evaluation value for pre-mining potentiality
is determined as follows [1]:

Pjiax = pjrex . piax . pnax . pra (5)

B = P - "J1.05n1 - "/1.05m2

- "J1.0573 = pe¥ . 1158 = 4.9 - 1.158 = 5.6742

The minimum evaluation value for pre-mining potentiality is determined as follows [1]:

Ppmmin — Pgnin . PT;lnin . Pimin . Pemin; (6)

pmin = pmin. "[0.95n1 . "3/0.9512 .

Wherein: PJ***— the maximum value for the evaluation of
reserve potentiality or basic potentiality; P/*™ - the minimum
value for the evaluation of basic potentiality;

Wherein: Pj*** — the maximum value for the evaluation of
potentiality reserves or basic potentiality deposit; PI™ - the
minimum value for the evaluation of basic potentiality

deposit;

"/0.95m3 = pmin . 0.858 = 1.1 - 0.858 = 0.9438

The evaluations of pre-mining potentiality of deposits
allow opportunities for comparing same type deposits and
rank them. Furthermore, it will serve a basis for sustainable
development in preliminary estimates of mining capacity,
number of personnel requirement, total investments and
macroscopic planning.

Figure 4. Ranking mineral deposits by pre-mining potentiality.

7. Ranking Same Type Deposits by
Pre-mining Potentiality

The ranking of mineral deposits are differentiated into

classes by types, for example [1]:
1) Precious metals and rare earth elements measure from
several dozens of kilograms to several tons;
2) Fluorite, phosphate and zeolite measure from several
hundred to several hundreds of millions of tons;
3) Non-ferrous and base metal deposits measure from a
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few tens of millions to several hundreds of millions of 8. Determination of Mlnlng Capacity for

tons; . .
4) Coal, shale and limestone deposits are expressed on a a Given DepOSlt

measure of several hundred million to a few tens of After ranking the same type deposits, a reference of the

trillions of tons. mean annual capacity for each deposit class should be

The author shall decide the ranking based on reserve  getermined as per the most updated international practices, as
estimates and the type of deposits. A sample model for o oo Figure 5 [1].
ranking deposits are shown in Figure 4 [1].

Figure 5. Sample determination of annual productivity of same type deposits based on their ranking.

The annual capacity references should be estimated between the intervals of 100 -150; 50 -100; 30 -50; 15 -30; 10 -15; 5 -
10 year terms of development depending on the size of reserves, deposit type and the author’s own calculations.
The sample here only refers for surface mining and specific calculations are required for sub-surface mining [1].

9. Determining the Required Technical Specifications for Mining Equipment

**%_ within certain intervals

Figure 6. Sample reference technical specifications of equipment for each deposit class.

The following empirical formula and directories are used Wherein: Md — extracted rock mass per day, t
to select the respective workload for each equipment [17]. Capacity of excavator buckets
The diameter of the drill bit is determined by the following 3
S=0.145 - M3* - 0.765; m (8)

formula [17].
Wherein: S —excavator bucket capacity, m3; 0.145 —

2|Mg .
d= ,fﬁi WHY (7)  constant; Md — waste and ore excavation per day, t; 0.765 —
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the coefficient for converting the US “yard” to SI “m3”’;
Carrying capacity truck is determined by the following
[17]:

9.0 - S1; )

Wherein: t — carrying capacity of the truck, t

Figure 7. Selection table for bulldozer (For example caterpillar’s bulldozer) [9].

10. Determination of the Minimum
Number of Mining Jobs Created in
Each Deposit Class

The following empirical formula are used for determining
the minimum number of mining jobs created for each deposit
class [17]:

For mine:

N, = 0.034 Mg®; (10)
For the Processing plant:
Ny, = 5.70 Mg3; (11)

The number of service personnel is determined as 25.4%
of the sum of mine and plant personnel.

A sample for determining the minimum number of jobs
created in mining for each deposit class is shown in Figure 8 [1].

***_ according to calculated data

Figure 8. Samples of the minimum number of jobs created in mining each deposit class.
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11. Conclusions

Through the development of this methodology to assess
the pre-mining potentiality of mineral deposits will open the
following features and benefits in the mining industry:

A. A new methodology for classifying minerals deposits by
their inherent mining, industrial and economic
specifications or characteristics.

B.The possibility for a concise and efficient way of
classifying and ranking same type deposits based on their
inherent mining, industrial and economic potentials.

C. The pre-mining potentiality allows the possibility for a
preliminary reference of technical specifications for
equipment, minimum number of jobs created,
investments and economic benefits for each class of
same type deposits.

D.These not only allow a swift comparison and correlation
of deposits, but also allow for mining policy and
mineral resource planning on macro scale and
sustainable development.
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