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SUMMARY 

The article considers the concept of the rock brittleness index, which has become widely used 
in the design of hydraulic fracturing. An analysis of the main approaches to its calculation is 
given - mineralogical, using elastic properties, using logging data. Within each of the 
approaches, the main methods of calculation are considered. For the mineralogical approach, 
this includes methods for rocks with different mineral composition. For the elastic approach, 
this includes methods using elastic moduli and mechanical parameters. For the logging 
approach, this includes empirical dependencies for individual formations. For a set of core 
samples of terrigenous rocks from the Dnipro-Donetsk basin, the mineralogical brittleness 
index using the main petrogenic components and the elastic brittleness index using Young's 
modulus and Poisson's ratio were determined. Conducting a comparative characterization of 
the results obtained with different methods showed the similarities in trends regarding 
lithology and petrophysical properties of rocks. 
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Introduction 
 
The application of inflow intensification techniques, including hydraulic fracturing, is an important 
aspect of the development of unconventional reservoirs, which is relevant for expanding the 
hydrocarbon resource base of Ukraine. A fundamentally important parameter for successful hydraulic 
fracturing is the ability of rocks of the target horizon to form fractures. One of the key tools used in 
global practice to assess this characteristic is the rock brittleness index. Considering the variety of 
approaches to its calculation, there is a need to compare them and outline the limits of their 
application. 
 
Method and Theory 
 
The concept of rock brittleness index (BI) was introduced in 1966 by Coates and Parsons (Coates and 
Parsons, 1966), who defined it as the ratio of elastic strain to total strain at failure. Figure 1 shows a 
general stress-strain curve for triaxial compression conducted to failure. The blue line shows the early 
stress and strain data. It corresponds to the linear elastic behaviour. The slope of the blue line 
corresponds to Young's modulus. The rupture of the sample occurs at τmax, which indicates the 
strength of the rock. The yield strength of the specimen is identified as the intersection of the blue line 
and the failure stress plotted against the actual stress and strain data. Elastic deformation is 
represented by data to the left of the yield point, and plastic deformation is represented by data to the 
right of the yield point, which is limited by failure of the specimen. Finally, the residual strength of 
the rock,τres, is displayed after reaching the peak stress. Thus, the rock brittleness index can be given 
by the formula: 

 
 

 
Figure 1 Stress and strain curve (Miskimins, 2019) 
 
There are three fundamentally different approaches to determining the brittleness index (BI) of rocks 
depending on the data used for calculations: using data from laboratory measurements of elastic 
parameters, using log data, and mineralogical. Within each of these three branches, a number of 
methods and approaches have been developed over the past decades, the main ones of which we will 
describe below. 
A classic mineralogical approach to BI determination was proposed by Jarvie et al (2007). After 
studying the Barnett shales, which are characterized by low values of porosity and permeability, an 
equation was proposed to estimate the brittleness of the rock using the mass fractions of its 
constituents: 

 , 
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where Q-quartz, carb-carbonate, cly-clay. 
Quartz is considered a brittle mineral, while carbonate and clay are considered less brittle and non-
brittle, respectively. This equation gives accurate results for formations that are high in quartz and 
clay and low in carbonates. However, for formations with a significant amount of carbonate, this 
equation underestimates the value of the brittleness index (Mews et al, 2019). 
Wang&Gale (2009) proposed a method for determining BI based on the mineral composition of 
rocks, which includes dolomite content as a contribution to brittleness and dolomite and TOC as 
mineral components in the denominator 

 , 

where Q-quartz, carb-carbonate, cly-clay, dol-dolomite, toc-total organic carbon. 
It has also been observed (Jin et al, 2014) that silicate minerals such as feldspar and mica are more 
brittle than clay in shale reservoirs (mica formula X2Y4–6Z8O20(OH,F)4; if the X ion is calcium, it is 
considered "brittle" mica). In addition to dolomite, other carbonate minerals, such as calcite in 
limestone, are also more brittle than clay. Thus, a new expression of brittleness is proposed, including 
silicate minerals (quartz, feldspar, and mica) and brittle carbonate minerals (calcite and dolomite): 

 , 
where QFM is quartz + feldspar + mica, calc is calcite, dol is dolomite, total is sum. 
There are two general methods of using elastic properties to detect brittleness tendencies. These are 
brittleness method (Rickman et al, 2008) and fracability method (Goodway et al, 2006). Rickman's 
method is recognized as classic for the approach using elastic parameters 

 
where E is Young's modulus, ρ is density, and ν is Poisson's ratio. 
One of the simplest ways of expressing the brittleness index is 

 , 
where σc and σt are uniaxial compressive strength (UCS) and tensile strength according to the 
Brazilian test, respectively (Meng et al, 2021). 
Another method is also related to the ratio of these parameters 

  
Since σc and σt are two basic mechanical parameters that can be easily obtained in routine laboratory 
tests, the aforementioned techniques have become widely used. However, they have several 
drawbacks. Firstly, the physical value for the two indices does not reflect the rock destruction process. 
Secondly, this method is more suitable for describing rock strength than its fragility. In addition, a 
rock with different values of σc and σt can have the same coefficient, and the range of its variation is 
narrow. 
Methods for calculating BI using log data have been proposed to characterize unconventional shale 
gas deposits and find favorable candidates for hydraulic fracturing (Meng et al, 2021). It is believed 
that rocks with high brittleness tend to generate a large number of microcracks on the borehole wall 
during the drilling of the borehole, which will result in a large change in the velocity of the radial 
elastic wave. 
Empirical equations for individual formations and regions are widely presented in the literature, 
which allow determining the BI based on logging data. For example, for the Barnett shale, 
dependencies have been derived (Mews et al, 2019): 
BI = −1.4956 × NPHI + 0.9763 
BI = −0.01104 × DTC + 1.4941 



Monitoring’2023   

 

 

XVII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
7–10 November 2023, Kyiv, Ukraine 

 

Where NPHI is the neutron porosity, DTC is the acoustic wave transit time. 
 
Results 
The authors used a set of core samples of terrigenous rocks (Fig. 2) from a deposit located in the 
southeastern part of the Dnipro-Donetsk basin, taken from depths up to 3500 m. The rocks are mostly 
represented by coarse- and medium-grained sandstones and mudstones, they are characterized by a 
small content of carbonates (less than 15%) Porosity values range from 7 to 16%. 

 
Figure 2 Ternary diagram of core samples composition 

 
The analysis of the content of the main petrogenic components was carried out for 79 samples, the BI 
was calculated according to the Jarvie method. Elastic parameters were measured for 35 samples, BI 
was calculated using the Rickman method. The comparison of the calculated coefficients was carried 
out on a set of 27 samples. The results of calculations by both methods are characterized by similar 
trends in relation to lithology and rock properties (Fig. 3). 
The discrepancy in the obtained values, in particular, is influenced by the porosity parameter, which is 
not used in the methods of the mineralogical approach to calculations, but is one of the factors that 
causes changes in the velocities of the passage of elastic waves and the values of elastic moduli. 
 
Conclusions 
 
The authors analyzed the rock brittleness index and systematized existing approaches and methods for 
its calculation. The most popular of them are the mineralogical method of Jarvier and the elastic 
method of Rickman. Note that when choosing a calculation method, it is necessary to conduct a 
preliminary analysis of the lithology of the rocks and their petrophysical properties, since each of the 
methods has its limitations and the types of rocks for which it shows the most accurate results. 
 Carrying out calculations for sampling samples from Dnipro-Donetsk basin and comparing the 
methods of Jarvier and Rickman showed a stable dependence between them and rock parameters that 
affect its ability to form cracks.  
It should be noted that, in addition to the properties of rocks, it is also important to take into account 
the pressures and stresses that occur inside their massif, so it is recommended to use BI in 
combination with geomechanics tools. 
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Figure 3 Dependence between CI calculated using mineralogical and elastic approaches and quartz 
content 
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