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SUMMARY 

As a result of radiometric-material data factorization, a basis was obtained for using alpha and beta 
radiometry data for detailed facial and genetic subdivision of sedimentary deposits of Runovschyna 
Area (Poltava region, Ukraine). It is most appropriate to use the results of SAA for lithologic 
subdivision of geological profile. Here, the SAA and SBA together show a high positive correlation 
with the Al2O3, K2O content, which are the major components of the clay components, whereas with 
SiO2 (typical of sandy sediments), this factor has a low but negative correlation. It is also possible to 
use factorized radiometric parameters, with their contrasting behavior (increasing of SAA and 
decreasing in SBA) to evaluate: dolomitization – with help of high factor loadings of "diagnostic" 
components -SiO2, +MgO, +CaO; facial (-TiO2, -Na2O, -K2O, -S) and physic-chemical weathering 
conditions (-Mn, -P).  



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

Introduction. Simple mathematical correlations between geophysical and geological-geochemical 
parameters are usually rare for real geological objects. Even if a strong correlation describable by a 
simple mathematical formula is received, it will be right only for a small amount of the known 
parameters. For the rest of parameters it will be very difficult to reveal any relations. A principal 
component analysis (PCA) may be used in order to solve such a problem. It often provides an 
opportunity to understand the nature of correlation between a large amount of parameters that are 
geologically different. 
 

Methods of investigation. The relations between geological and geophysical data can be understood 
more deeply by using PCI for their interpretation. A regular regression analysis is often unproductive, 
which is part of the systematic component of each parameter is common small, which does not allow it 
to be separated from total variance. For example, when the correlation between specific alpha- and beta-
activity (SAA and SBA) is studied, the best efficiency of the chemical composition of rocks (from the 
core samples of Runovshchyna Square) is not find out the values greater than |0,57|, which makes it 
impossible to use simple linear regressions for this purpose (Table 1). 
 

Table 1 Correlations between SAA and SBA (Bq/kg) and chemical composition (mass %) 
Variable SiO2 

 

TiO2 
 

Al2O3 
 

Fe2O3 MnO MgO CaO Na2O K2O P2O5 
 

S 
 

Cl H2O 
SAA 

 

-0,075 0,117 0,283 0,262 -0,13 0,232 -0,131 -0,047 0,148 -0,089 -0,221 0,232 0,344
SBA 

 

-0,112 0,349 0,484 0,372 0,037 0,135 -0,328 0,225 0,568 0,164 0,034 0,386 0,564
Marked correlations are significant at p < 0,05 
 
New variables of PCI are created by a rational combination of input data whose each value makes a 
contribution to the final result in spite of its informative nature and a low degree of agreement with the 
other parameters. Their total variance is equal to the variance of the input records. For the transition to 
new variables, the features of the internal structure of the correlation matrix are used, as a result, for 
each of the principal components non-correlated (or orthogonal) normalized linear combinations are 
found. Reducing the number of features in this method, while maintaining the overall variance, 
maximizes the variance of individual components which allows us to increase the proportion of 
systematic component of each parameter and therefore improve the process of interpretation. The 
Varimax normalized procedure was used for this purpose. 
 
Initial and geological data. The object of investigation is the sedimentary rocks which were mined by 
the wells #110, 101, and 100 located on the Runovshchyna Area (RA), Poltava region. The subject of 
investigation is alpha- and beta-radioactivity of the main lithological sorts of the rocks represented in 
the geological section. In this paper 256 samples of the rocks were investigated, their SAA, SBA, and 
the content of 78 chemical compounds were analyzed with the application of PCA. 
The four main components which cover together 75% of the observed dispersion were detected with 
the application of a principal component analysis, which together account for 75% of the studied 
variance (Cumulative variance) (Table 2). 
The first of main compounds has positive factor loadings (FL) with SAA, SBA and contents of Al2O3, 
Fe2O3, and K2O (Table 2, Figure 1). It leads to the suggestion that this component represents the content 
of clayey compounds as the major source of uranium and K-40 accumulation in clay minerals and 
reservoir waters what is confirmed by positive FL with H2O and chlorine. The division of the profile 
into separate lithological groups was carried out according to the geological description of the cores. 
Group "A" represents argillite, "C" - clay, "S" - sand and sandstone; the “O” group is composed mainly 
of carbonate and clastic sediments. The second main component is characterized by positive FL of MgO 
and CaO. Thus, it may represent a significant impact of dolomitization. The differentiation of the 
radioactivity behavior is symptomatic for this factor – SBA is slightly decreasing while SAA is 
increasing. MgO/CaO index is used to divide the samples into three groups: I - (0<MgO/CaO<2), II - 
(2<MgO/CaO<6), III - (6<MgO/CaO<9), according to the groups on the histogram in Figure 1a which 
reflect paleoclimatic sedimentation conditions (Yudovich and Ketris, 2011). 
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Table 2 Eigenvalues Extraction and Factor Loadings in PCA (Marked loadings are >0,7) 
Variable Factor 1 Factor 2 Factor 3 Factor 4 

PCA Extraction 

Eigenvalue 4,12 3,22 2,67 1,28 
% Total variance 27,43 21,49 17,79 8,55 
Cumulative Eigenvalue 4,11 7,34 10,01 11,29 
Cumulative % 27,43 48,92 66,72 75,27 

Radiometry 
SAA 0,57 0,09 0,08 0,18 
SBA 0,75 -0,15 -0,25 -0,19 

Chemical 
composition 

SiO2 -0,20 -0,90 0,10 0,33 
TiO2 0,30 0,06 -0,86 -0,05 
Al2O3 0,77 -0,00 -0,20 0,09 
Fe2O3 0,71 0,31 0,12 -0,23 
MnO -0,10 0,17 0,14 -0,96 
MgO 0,34 0,75 0,04 0,01 
CaO -0,39 0,80 0,12 -0,17 
Na2O -0,05 0,02 -0,94 0,03 
K2O 0,48 -0,21 -0,79 0,04 
P2O5 0,03 0,20 -0,19 -0,93 

S -0,30 -0,05 -0,86 -0,06 
Cl 0,47 -0,30 -0,26 0,21 

H2O 0,79 0,15 0,08 0,01 
 
 

Figure 1 Histograms of Mg/Ca (a) and manganese module (b) in section of borehole 110, RA 
 
The third of the main components is described by considerable and negative FL of TiO2, Na2O, K2O 
and S. It may mirror the variability of the facial conditions of the chemical decay of silicate minerals 
during the formation of flysch argillites. SBA, similar to the content of K2O, correlates negatively with 
this factor. During the destruction of the lattices of aluminium silicates, aluminium and titanium are 
hydrolyzed and migrate solely as colloidal solutions and suspensions (Sklyarov, 2001; Vyzhva et al., 
2019(1); Vyzhva et al., 2019(2)). As a result, they enrich pelites of the crust of weathering. Titanium 
minerals are also accumulated in the crude fractions of the crust, and aluminium is consumed by sandy 
fractions during chemical decomposition. The maximum values of TM (titanium module TiO2/Al2O3) 
are noted for well-sorted re-deposited quartz sands, and the minimum values for flysch mudstone that 
was formed as a result of the suction of clay mixture. The alkaline module (AM=Na2O/K2O) transmits 
the maturity of rock (high LM characterizes that a rock contains mainly plagioclase, with a small amount 
of mica and potassium feldspars) (Sklyarov, 2011). For the discrimination of the section only titanium 
module was used, thus three groups of rocks were defined according to their facial conditions: arid: 
0.041TM0.050 (clay rocks), 0.012TM0.061 (sandy rocks); temperate: TM=0.051 (clay rocks), 
TM=0.070 (sandy rocks); humid conditions: 0,055TM0,160 (clay rocks), 0,0744TM0,281 (sandy 
rocks). The fourth component is the least significant and covers just 8.5% of the accumulated dispersion. 
Due to the FL behavior, namely considerable and negative FL of manganese and phosphorus, this 
component can be a facial indicator of the salinity of sedimentary basins (Mn) and the presence of 

-1 0 1 2 3 4 5 6 7 8 9 10

Mg/Ca

0

5

10

15

20

25

30

35

40

N
o 

of
 o

bs

g

-0,02 0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14 0,16 0,18 0,20 0,22

MM

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

N
o 

of
 o

b
s



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

geochemical calcium-iron barriers (P) which slightly involves the accumulation of radium and uranium. 
It is confirmed by a small increase in FL of SAA. Only a manganese module (MM = Mn/(FeO+Fe2O3)) 
which reflects the difference between the redox behavior of iron and manganese (Yudovich and Ketris, 
2014) was used to divide the profile. Thus three groups of rocks: I - (0 <MM <0.08), II - (0.08 <MM 
<0.12), III (0.12 <MM <0.20) were identified from the histogram (Figure 1b). 
 
Results of investigations. For alpha- and beta-activity, the first component is most closely related, and 
since it distinguishes the lithology of well section, SAA and SBA may be a good lithological 
discriminator. Instead, the use of the second and third components is appropriate for exploring the facial 
and genetic features of the section, for example, indicating dolomitization and mudstone zone, etc. (eg, 
interval 50-150 in Figure 2). However, the robustness of these results decreases if the eigenvalues of 
the second and third components are reduced. 
 

 
Figure 2 Factor loadings in the deep profile of borehole 110, RA 
Marked: yellow - sandstone, brown - clay, mudstone, white - conglomerates, carbonates and others unclassified 
types of rock; on the vertical axis - deep sampling column; black line - SAA, Bq/kg, red line - SBA, Bq/kg. 
 
The problems of classification of multidimensional populations by LDA can be successfully used to 
solve various problems. Using only two variables (SAA and SBA) to isolate the sandstone sediments 
(Group “S”) is quite effective - 95% correct classification, whereas distinguishing between groups “A”, 
“C” and “O” is significantly less efficient (column "lithology" Table 3). Similarly, alpha and beta 
discrimination were performed to distinguish between the genetic groups of the section identified by 
PCA. 
 
Table 3 Discriminatory Equations and their Effectiveness (LDA) for distinguishing rocks of RA by composition 
and genetic groups (% - percent of correct classification) 

lithology (N=256) Mg/Ca (N=78) facie (ТМ) (N=78) MM (N=78) 

Group   С % Group   С % Group   С % Group   С % 

S 
 

0,00160,0041 -4,29 95,03 I 0,0016 0,004 -4,45 100 humid 0,00037 0,0053 -6,9 16,67 I 0,0015 0,0045 -4,7 100

A 
 

0,00250,0058 -9,17 28,57 II 0,001090,0055-7,82 0 medium 0,0028 0,00344 -7,1 0 II 0,0012 0,0043 -7,8 0 

C 
 

0,00330,0048 -8,65 6,25 III 0,0022 0,006 -10,214.29 arid 0,0016 0,00412 -4,4 100 III 0,0022 0,0026 -4,9 0 

O 
 

0,00250,0027 -6,06 0,00                

Total 
 

66,79 Total 76.92 Total 75.68 Total 90.14
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The PCA makes it possible to improve the discriminative ability of radiometry data concerning 
composition and genetic groups which have similar variances. Maximizing individual variance in PCA 
makes the alpha and beta dependencies more pronounced. In particular, group II on the MgO/CaO in 
LDA is indistinguishable (0% correct classification); while the PCI indicates that the figurative points 
of group II fall purely into the negative field of factor 2 (Figure 3b), etc. Other examples of improved 
discrimination (not quantified but represented in demo) can be seen in Figure 3.  
 

 

 
Figure 3 Factor fields in coordinates of SAA and SBA with rendered labels/iso-surfaces of 
composition and genetic groups of rocks of RA a - F1 with the rendered points of lithological groups; b - F2 with 
the points of the facial groups by MgO/CaO, c - F3, g - TM, d - F4, e - MM.

 
Conclusions. As a result of radiometric-material data factorization, there was obtained a base for using 
alpha- and beta- radiometry data for detailed facial and genetic discrimination of terrigenous sections. 
It is most appropriate to use the results of SAA for lithologic subdivision of geological profile. Here, 
the SAA and SBA together show a high positive correlation with the Al2O3 and K2O content which are 
the major components of clayey formations, whereas this factor has a low but negative correlation with 
SiO2 (typical for sandy sediments). It is also possible to use factorized radiometric parameters, with 
their contrasty behavior (increasing of SAA and decreasing of SBA), to evaluate such features: 
dolomitization – by a high factor loadings of diagnostic components -SiO2, +MgO, +CaO; facial (-TiO2, 
-Na2O, -K2O, -S) and physical-chemical weathering conditions (-Mn, -P). 
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