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SUMMARY 

Among all types of non-metallic raw materials used in metallurgy, carbonate rocks, stand out 
in terms of quantitative indicators especially flux limestone. This study offers an overview of 
geological risk assessment methods for the development of domestic carbonate deposits and 
an example of calculation for one of the deposits in the Kherson region. According to the 
results of the calculations, the deposit has a small risk of quality loss, which is ensured by 
distribution of the useful component. Fluctuations in the content of SiO2 and MgCO3 can 
have negative consequences, since for this deposit, increased amounts of SiO2 + Al2O3 are 
fixed when evaluating minerals as flux. An increase in the content of SiO2 + Al2O3 to 3.23-
4% requires an increase in the consumption of iron-containing materials for agglomeration. 
In terms of lithological varieties, the greatest risks of non-confirmation of quality are 
recorded for oolitic limestone and pelitomorphic shell limestone. 
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Introduction 
 
Among all types of non-metallic raw materials used in metallurgy, carbonate rocks, stand out in terms 
of quantitative indicators especially flux limestone. The production of this raw material by domestic 
enterprises reached its maximum in the 1980`s, after which it partially decreased in the 2000s to 20-25 
million tons per year. Currently, the demand for this raw material is in the range of 25-30 million tons 
per year. For Ukraine, the situation regarding the supply of flux carbonate rocks is especially acute for 
metallurgy, which is explained by following reasons: 
 

• inaccessibility of deposits of Donbass and Crimea, where high-quality reserves with favorable 
mining and geological conditions for development are concentrated; 
• increasing industry requirements for the quality of flux raw materials in connection with the 
involvement of new technological processes in metallurgy. 

 
The state of the mineral base of carbonate rocks, including flux limestone, is given enough attention 
in some publications on economic geology. In researches (Gurskyi, 2006) the geological structure of 
deposits, quality characteristics of reserves are described in detail, in the monograph (Mykhaylov, 
2010) an economic assessment of the deposits being carried out and perspective areas were defined. 
In publications, the characteristics of the limestone resources base are limited to its quantitative and 
qualitative values. In most of the mentioned researches and studies, the authors note the insufficient 
supply of carbonate flux raw materials in view of the dynamics of its consumption and the growth of 
explored reserves. 
 
This study offers an overview of geological risk assessment methods for the development of domestic 
carbonate deposits and an example of calculation for one of the deposits in the Kherson region. 
 
Method and Theory 
 
In the most general, risk is defined as the probability of some undesirable event. While geological 
prospecting at each stage is accompanied by certain risks, which by their characteristics belong to 
geological and investment risks, which together compose the group of risks of the mining industry. 
Special complications can realize at the initial stages of subsoil exploration, when the amount and 
reliability of the obtained geological information is insufficient for doing some assessments of 
prospective objects. Geological and economic risks mean the probability of failure to confirm the 
qualitative and quantitative characteristics of minerals reserves (resources), as well as the expected 
features of the deposit (ore occurrence), which determine the complexity of its geological structure. 
The purpose of determining geological and economic risks is taking into account those negative 
characteristics of the area that can objectively reduce the quantity or affect the quality of the mineral. 
 
Methods of risks assessment during exploration are covered in a few works on the geological and 
economic assessment of mineral deposits (Ampilov, 2006). The authors identify the following risk 
components: geological risks, project status, technical aspects, price fluctuations, profitability, 
organizational risk, political risk, etc. Possible tools for accounting for these aspects are used 
depending on the stages of exploration and evaluation of deposits. 
 
During detailed exploration and economic assessment, all these risk components are usually taken 
into account with setting of a certain value of the discount rate, which is calculated as the cost of the 
investor's own capital and the premium for a specific risk for a particular project. It is necessary to 
determine this indicator not by approximate considerations of increasing it by a certain percentage, 
but by precise calculations in terms of the quantitative expression of the magnitude of the risk. The 
main methods for taking into account risks in the economic evaluation of mineral deposits are the 
choice of a certain level of discount rate with the determination of the rational cost of fixed capital. 
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For this, weighted average cost of capital models and share valuation models are used. For 
quantitative risk analysis for mining projects, it is recommended to use the Monte Carlo method 
(cumulative probability plot). 
 
The listed risk assessment methods are possible for use at the final stages of the geological and 
economic assessment within feasibility study. An urgent issue is the development and use of tools for 
assessing geological risks at the initial stages of the study (during the GEA-3, GEA-2). 
 
A striking example of the simplest accounting for non-confirmation of the amount of reserves in the 
assessment of prospective and forecast resources is the methodology for applying reduction factors 
(Nezhensky, 2003). These coefficients reduce the value of resources in accordance with empirical data 
for individual types of minerals. The cumulative coefficient is the product of three coefficients: K1 is 
the coefficient for converting the value of inferred mineral resources into reserves and he final 
product; K2 is the conversion factor of inferred resources and indicated reserves to reserves of 
industrial categories (A + B + C1), taking into account the incomplete transition of resources and 
reserves of less reliable categories to more reliable ones; K3 is a transitional recovery factor that takes 
into account the loss of minerals during its extraction, processing, and transportation. The choice of 
reduction coefficients was made depending on the following factors: 1) the quantity of the deposit`s 
reserves; 2) its complexity of the geological structure. 
 
Geological risk in assessing local objects (deposits, ore occurrences, prospecting areas) can be defined 
as the probability of not confirming the quantitative and qualitative characteristics of the future 
deposit reserves in. The certainty that geological reserves will turn out less than the expected level or 
the mineral quality characteristics will turn out to be worse than expected is extremely high, 
especially during regional surveys and at the beginning of prospecting. The high risk during the 
assessment at these stages is the result of the use of comparative approach methods and the use of 
analogue objects. 
 
The geological risk and the exploration stage of the object are inversely correlated: the higher the 
degree of geological and feasibility study, the less the risk of getting an incorrect assessment of the 
resource potential of the object. On the other hand, risk is a degree of uncertainty: greater uncertainty 
in the estimation of parameters is associated with greater risk. 
 
The degree of uncertainty can be quantified due to the coefficient of variation of resources. For well-
studied objects, it is small - 0-0.2, for medium-studied objects - 0.1-0.4, for poorly studied objects - 
from 0.3 to 1 or more. The intervals of values intersect, since they depend on the complexity of the 
geological structure of the object (Ampilov, 2006, Dergachev, 2000). Comparing the degree of 
uncertainty of local objects calculated in this way with each other, it is possible to rank these objects 
according to the degree of geological risk. It should be noted that the risk measure calculated in this 
way is only indirectly related to the investment risk, which grows at the stages of prospecting and 
exploration of deposits and is determined by technological, economic, organizational and other factors 
of mining business. 
 
Examples  
 
It is recommended to measure the local risk at the initial stages of the study by the dispersion of 
possible results for the expected resources or reserves of the assessment object. Therefore, it can be 
determined using various indicators: the range of variation, dispersion, standard deviation (Ampilov, 
2006, Dergachev, 2000). The main indicator in this case is the coefficient of variation of the main 
geological characteristics. The higher the values, and above all the coefficient of variation, the higher 
the geological risk associated with a given local object. 
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According to the listed indicators, an assessment of the risks of non-confirmation of the quality of a 
mineral was carried out using the example of one of the sections of the Berislav limestone deposit.  
 
By the complexity of the geological structure, the deposit is classified as the 2nd group according to 
the Classification of Mineral Reserves and Resources.  
 
The mineral is oolitic limestones densely cemented with layers of shelly and marly limestones of 
yellow-gray, gray color, shelly, detritus, pelitomorphic varieties of gray color, between which there 
are no clear lithological boundaries. Limestones gradually change from one type to another both in 
depth and extent without any regularity in the change of varieties. Layers of clay and marl with a 
thickness of 0.2 to 0.8 m are found in the limestone layer. 
 
Table 1 Features of the chemical composition of lithological types of limestone 
 

Rock`s description 

Chemical composition, % 
loss of 

mass on 
ignition 

SiO2 
Al2O3+ 
TiO2 

Fe2O3 CaO 

Oolitic limestone 42.8 1.14 0.43 0.47 53.3 

Limestone pelitomorphic, shelly 42.02 2.08 1.52 0.58 51.7 

Shell limestone 41.56 2.31 1.85 0.52 52.4 

Shell limestone 42.92 0.78 0.7 0.4 52.8 

Weathered limestone 38.32 5.93 5.73 1.68 47.6 

Oolitic limestone 39.97 2.69 3.96 1.06 50.4 

Oolitic, shelly, pelitomorphic 
limestone 42.73 1.14 1.59 0.36 52.8 

Oolitic limestone 41.73 1.58 2.66 0.79 52.3 

Oolitic pelitomorphic limestone 41.72 1.57 2.6 0.45 51.6 

Oolitic limestone 42.42 1.77 2.33 1.09 47.6 

Shell pelitomorphic limestone 41.07 4.08 1.52 1.1 50.5 

Pelitomorphic, oolitic, shell 
limestone 43.12 2.74 1.09 0.51 50.9 

 
 
Немає посилань на рисунок і таблицю 
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Figure 1 Variation coefficients of the grade of useful and ballast components  

 
Conclusions 
 
According to the results of the calculations, the deposit has a small risk of quality loss, which is 
ensured by distribution of the useful component. Fluctuations in the content of SiO2 and MgCO3 can 
have negative consequences, since for this deposit, increased amounts of SiO2 + Al2O3 are fixed when 
evaluating minerals as flux. An increase in the content of SiO2 + Al2O3 to 3.23-4% requires an 
increase in the consumption of iron-containing materials for agglomeration. In terms of lithological 
varieties, the greatest risks of non-confirmation of quality are recorded for oolitic limestone and 
pelitomorphic shell limestone. 
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