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1Abstract. The soil formation within the Wet Atlantic Chernozem facies of the West-Ukrainian 
region leads to the vertical redistribution of Chernozem soil substance and formation of the dif-
ferentiated mineral soil profile to varying degrees by carbonates, clay, and chemic-mineralogical 
composition. Luvic Greyzemic Chernozems (Siltic, Aric, Pachic) is characterized by the sharp 
differentiated profile by clay. The degree of vertical differentiation of clay profile is directly pro-
portional to the intensity of the processes of leaching and gleyzation. In mineral profiles of Luvic 
Greyzemic Chernozems the vertical redistribution of clay material is mainly due to fraction small-
er than 0.02 μm. The opposite character of profile distribution of mica-smectite and illite phases 
of clay minerals was discovered. Against the unbalanced losses of a part of clay plasma in the 
humus horizon, the process of relative illitization was detected due to smectite eluviation and 
accumulation of illite, kaolinite and finely dispersed quartz. 

Keywords: Luvic Greyzemic Chernozems, clay fraction, chemical composition, loess-like loams, 
leaching, lessivage

INTRODUCTION

Within Lviv region, Luvic Greyzemic Chernozems cover the area of 90.8 
thousand hectares (63.9 thousand ha – arable lands), that constitutes 4.1% of the 
total region area (WRB for Soil Resources 2014). In the Ukrainian soil classi-
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fication this soil is called the Podzolic Chernozem (Polupan et al. 2005). The 
index of agricultural use of this soil is high and totals 75.2% (Olenchuk and 
Nykolyn 1969). Lviv Region Luvic Greyzemic Chernozems together with Luvi-
sols and Luvic Phaeozems form complex combinations (variations) allowing 
them to higher and more dissected positions of the relief (Andryushchenko et al. 
1981). These Chernozems have been formed on the carbonate and non-carbon-
ate loess-like loams of various genesis (Bogutskii 1986).

Traditionally, Chernozems are ranked as undifferentiated by the materi-
al composition of soil (Dobrovolskii 2012). Under conditions of circulation of 
hydrocarbonate-calcium solution in Chernozems, its aggressiveness is bare 
enough to wash out and redistribute calcium carbonates in the soil profile. At the 
same time, soil processes that actively destroy and redistribute the silicate part of 
the mineral composition of Luvic Greyzemic Chernozems seem not to take place 
(such as podzolization) or are slightly noticeable (gleyzation, lessivage, mole 
draining) (Medvedev and Laktionova 2003, Medvedev 2014). In general terms, 
these statements are true only for Haplic Chernozems (Loamic, Aric, Pachic) of 
wet Atlantic facies, but not typical for their leached and podzolized analogues 
(Papish et al. 2016). Due to humid climate of the facies, deep leaching of the 
carbonates, acidic environment, recovery processes and phenomena which occur 
periodically in different parts of the soil profile, including humus horizon, the 
profile of Chernozems is differentiated not only according to granulometric but 
also chemical and mineralogical composition. The nature of this phenomenon is 
complex and has different effects under different environmental conditions and 
at the various stages of soil formation (Lisetskii et al. 2013, Papish 2013).

MATERIALS AND METHODS

The object of the research is the chemical, mineralogical and granulometric 
profiles of regraded and hydrogenic-metamorphosed Luvic Greyzemic Cherno-
zems (Siltic, Aric, Pachic) of an ordinary type (further in the text just as Cherno-
zems). The soil has got a profound humus horizon (more than 70 cm) and it was 
formed on loess loams (with the light and medium granulometric composition) 
of the watershed facies of Socal Plateau, Pobuggia Range, San-Dniester Upland 
and Lviv Plateau. Humid climate of the facies facilitates deep soil leaching 
(deeper than 170–180 cm in the ordinary kind), development of the processes 
of profile gleyzation and differentiation of the mineral composition. Soil profiles 
alternate in the southern direction from Volyn erosion upland in the north of the 
region, and in the south – towards the Dniester. 

For high quality diagnostics of the differentiation processes of the miner-
al profiles of the studied Chernozems, the whole complex of general and spe-
cial methods for quantitative analysis of soil were employed. Among them 
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we applied such methods as: gross chemical composition of the soil and clay 
fraction by gravimetrical method (Arinushkina 1970); granulometric analysis 
by pipette method in modification of Kachinskii with pretreatment of soil by 
4% solution of pyrophosphate Na (Na4P2O7) (Vadyunina 1986); CO2 carbonates 
determined by the Geisler–Maksymyuk method. 

The orientated preparations were arranged by the sedimentation of the frac-
tion onto cover glasses. X-ray diffraction was performed on a Philips X᾿Pert 
APD difractometer (with a RW 1870 generator and a PW 3020 vertical goniom-
eter) at 40 kV and 30 mA using CuKα radiation in the Jagiellonian University in 
Kraków, Poland. The measurements were performed in the angle range of 2–52° 
at a scan speed of 0.02°/s. The preparations were analyzed in the air-dray state 
(Na-form) after saturation with ethylene glycol vapor.

Moreover, the direct-comparison method, stable component method and 
eluvio-accumulative component method were applied to evaluate the differenti-
ation coefficient of the soil mineral matter (Rode 1971, Kit 2008). 

RESULTS

The mineral part of Chernozems consists of silicates and aluminosilicates, 
metal oxides, simple salts and organo-mineral complexes. SiO2, Al2O3, Fe2O3, 
CaO, MgO і K2O, which are the components of primary and secondary miner-
als, particularly clay minerals, predominate among the chemical elements of the 
soil solid phase (Table 1).

The chemical profile of Lviv region Chernozems is typical for weak-
ly-podzolized soils of the wet Atlantic facies. The gross chemical composition 
of such Chernozems is characterized by the high content of silica in the soil 
(83–86%) and the low content of this element in the clay (56–59%). The amount 
of sesquioxides (R2O3) does not exceed 10–12% in regraded and 7–10% in ordi-
nary types. Humus horizons are slightly enriched with silica and aluminum, and, 
at the same time, they lack in alkali and alkaline earth metals as well as the ses-
quioxides Fe2О3. Such character of the profile distribution of the basic metals is 
the result of weak processes of eluviation (decalcination, lessivage, podzoliza-
tion process and feroliz) against the background of an intense in magnitude and 
depth a humus accumulative process. The wide molar ratio of SiO2 to Fe2O3 
and Al2O3 in the humus horizon, compared to parent rock, is the evidence of 
active eluviation processes. The most illustrative is the molar ratio SiO2:Fe2O3 
that indicates the dominant role of iron compounds in the eluviation processes 
of the mineral part of the profile.

The negative values of eluvio-accumulative coefficients of Chernozems 
show that basic oxides are leached from genetic horizons and the profile – in 
general – of almost all Chernozems. The exception from the general rule is 
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hydrogenic-metamorphosed Chernozem of the San-Dniester Upland (profile 
SD-61). Due to intense profile gleyzation, the sesquioxides Fe2O3 are accumu-
lated in the fine earth fraction (particles size less than 1 mm) below the arable 
layer while the rest of oxides are leached. In the clay fraction of the soil the sit-
uation is quite the opposite.

The mineralogical composition of the Chernozems fraction of less than 
1 μm is represented by the disordered mixed-layered formations of illite and 
smectite packets with dominance of the latter. The amount of this component 
within the Chernozems profile of the San-Dniester Upland ranges from 36% 
to 54% with a minimum in the medium and the most podzolized part of the 
profile. In the depth of 70–80 cm, the percentage of hydromicas packets in the 
mixed-layered formation significantly increases. In the humus horizon (A+AB) 
illite prevails (46–51%) but its amount significantly decreases with the depth. 
The upper part of the profile is characterized by the high content of kaolinite 
(up to 13%) with a small admixture of chlorite. Fine-dispersive quarts is found 
throughout the whole clay profile, while potassium field spars and plagioclases 
are present in the horizon He and they are not found in the clay fraction of the 
horizons situated beneath. Within the clay profile distinctive differentiation by 
the ratio of the main mineral phases is evident in the humus horizon and lower 
than 70 cm (Papish et al. 2016).

The podzolization and gleyzation processes led to the destruction of the 
smectite component in mixed-layered mica-smectite formations (high content of 
smectite packets) and relative accumulation of dioctahedral hydromica, kaolin-
ite, chlorites, fine-dispersive quartz, potassium feldspars and plagioclases in this 
part of the profile. The mica-smectite layered silicates rich in smectite packets 
(a swelling phase) suffered the greatest destruction in the humus horizon. More-
over, the maximum concentration of fine-dispersive quartz is found there.

The data of the mineralogical composition clearly correlate with the results 
of total chemical analysis and morphological peculiarities of the studied Cher-
nozems. In the upper part of the profile the amount of silicon and aluminium 
oxides increases. This shows that the proportion of silica and aluminium dioc-
tahedral hydromica also increases. The simultaneous reduction of the content 
of iron sesquioxides and manganese oxide points to the destruction of magne-
sian-ferruginous chlorites and three-octahedral hydromicas while di-octahedral 
hydromicas which are more resistant to weathering are accumulated in this part 
of the profile. Also, the higher content of the gross potassium was determined 
and this can be seen as an indirect evidence of the hydrolysis processes in the 
humus horizon. The molar ratio SiO2:Fe2O3 slightly decreases in the Cherno-
zems profile. This indicates the decomposition of the silicate part of the soils 
and movement of the decomposition products down the profile. This is the main 
but not the final cause of gleyzation of the illuvial part of the Chernozem profile. 
At the same time, the most expressive morphological signs of podzolization are 
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found in the lower part of the humus horizon. The high content of phosphorus in 
the soil generally indicate its accumulation during the agricultural use and long-
term use of manure, the clay fraction being the main reserve of its accumulation 
(Bryk et al. 2012, Papish 2013).

Thus, on the basis of the chemical and mineralogical composition of the stud-
ied Chernozems it can be concluded that in the process of soil formation a partial 
displacement of fine-dispersive colloidal particles occurs down the profile mainly 
due to the smectite component. Furthermore, weathering of the aluminosilicate 
part results in the formation of secondary minerals according to the following 
scheme: feldspars – micas – illite – mixed-layered formations. The relative accu-
mulation of illite in the composition of clay material of the Chernozems humus 
horizon indicates the illitization processes of the mineral mass (Alekseev 2012).

The mineralogical composition of the fractions size of more than 1 μm is 
represented by a complex of clastogenic minerals, among which the group of 
light minerals dominates, particularly quartz, feldspars, mica. The dominant 
mineral is quartz, especially in the fractions larger than 0.01mm and its con-
tent equals 73–98%. In the finer fractions the percentage of quartz decreases to 
40–55%. Feldspars are concentrated in medium- and fine-silt fractions. They are 
mainly represented by potassium feldspars (orthoclase, less often microcline). 
With depth the amount of feldspars and plagioclases increases (Andryushchen-
ko et al. 1981). Such differentiation of feldspars in the profile is the result of the 
processes of intrasoil weathering, which is more intense in the upper part of the 
profile. Although there are only few mica minerals, they are concentrated in the 
silt fractions and represented chiefly by muscovite. 

The granulometric composition of Chernozems is shown in Table 2.

TABLE 2. THE GRANULOMETRIC COMPOSITION OF LVIV REGION LUVIC 
GREYZEMIC CHERNOZEMS

Soil horizon 
(depth of 

sampling, cm)

Hygroscopic 
moisture, %

Size of soil particles in mm, quantities in %

1–0.25 0.25–
0.05

0.05–
0.01

0.01–
0.005

0.005–
0.001 <0.001 <0.01

On loess-like loams of the Socal Plateau in the Volyn Upland (profile SP-1)
Ap (0–30) 1.7 0.00 8.8 66.8 3.6 8,8 12.0 24.4

ABt,q (38–48) 2.2 0.00 7.6 59.6 8.4 4,8 19.6 32.8
Bt,k,h (65–75) 2.2 0.00 12.0 57.6 10.4 3,2 16.8 30.4

On loess-like loams of the Chyzhykiv Range in the Pobuggia Ranges (profile CH-2)
Ap (0–11) 1.8 0.6 13.8 56.8 17.6 4.0 7.2 28.8

Aq (20–30) 1.3 0.7 6.1 66.4 6.4 11.2 9.2 26.8
ABq (50–60) 2.7 0.5 8.3 61.6 5.9 11.9 11.8 29.6
Bt,h (80–90) 2.3 0.9 8.9 64.1 3.6 10.1 12.4 26.1

B/Ch,l (140–150) 1.9 0.6 8.7 65.3 3.3 10.4 11.7 25.4
Ck,l (190–200) 1.5 2.0 8.6 65.8 4.8 7.2 11.6 23.6
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Soil horizon 
(depth of 

sampling, cm)

Hygroscopic 
moisture, %

Size of soil particles in mm, quantities in %

1–0.25 0.25–
0.05

0.05–
0.01

0.01–
0.005

0.005–
0.001 <0.001 <0.01

On loess-like loams of the Lviv Plateau (profile LP-21)
Ap (0–20) 1.7 1.0 21.8 54.0 9.8 6.4 7.0 23.2

ABq (50–60) 1.5 1.1 21.9 52.6 7.2 8.4 8.8 24.4
Bt,h,l (90–100) 1.9 1.3 21.9 53.2 4.4 3.2 16.0 23.6
B/Cl (125–135) 2.0 0.9 25.3 47.8 4.0 3.2 18.8 26.0
Cl (190–200) 2.0 0.1 28.3 48.0 4.0 4.6 15.0 23.6

On loess-like loams of the San-Dniester Upland (profile SD-61)
Ap (0–20) 2.5 0.0 10.0 60.8 14.4 9.6 5.2 29.2

Aq (30–40) 2.3 0.0 10.0 60.8 12.8 9.2 7.2 29.2
ABq (60–70) 1.6 0.0 12.8 60.4 7.6 10.4 8.8 26.8

Bt,h (100–110) 2.2 0.0 11.9 60.0 4.9 5.2 18.0 28.1
Cl (190–200) 1.9 0.0 7.2 60.8 10.4 5.6 16.0 32.0

On loess-like loams of the San-Dniester Upland (profile SD-41)
Ap (0–20) 2.3 0.0 14.4 56.4 9.2 12.0 8.0 29.2

Aq (30–40) 2.0 0.0 15.2 48.4 15.6 12.4 8.4 36.4
ABq (50–60) 1.9 0.0 13.6 51.8 12.6 12.8 9.2 34.6

Bt,h (110–120) 2.8 0.0 14.2 51.4 9.6 5.6 19.2 34.4
Bt,l (150–160) 2.6 0.0 14.4 49.2 10.4 8.0 18.0 36.4
Cl (190–200) 2.6 0.0 15.8 48.6 13.2 6.4 16.0 35.6

In the course of the long-lasting evolution of Chernozems and under 
the influence of the processes of humus accumulation, leaching, gleyzation, 
podzolization and lessivage, the regular changes in granulometric composition 
of soils have occurred. In addition, such composition of Chernozems derives 
from the parent rock. According to granulometric composition of Lviv region, 
Chernozems are mainly lightly loamy, less often medium loamy.

Chernozems inherited three peculiarities of their granulometric composition 
from loess rocks of Western-Ukrainian type. They are as follows: 1) a high con-
tent of sand fraction; 2) barely visible vertical lithological stratification, caused 
by difficult conditions of their sedimentation; 3) relatively low content of clay. 
Such lithological characteristics of loess deposits of Precarpathians and western 
Volyn-Podillya have clear geographical regularity. The most distinctively they 
are manifested in loess loams in Opillya and the San-Dniester Upland, and to 
a lesser degree, in the Sokal Plateau and the Pobuggia Range. In highly gleyed 
layers of parent rocks and in Chernozems of low above-alluvial land terraces 
with a slight increase of the amount of physical clay (fractions less than 0.01 
mm), the content of fine silt increases drastically, whereas the content of silt 
fraction decreases.

Chernozems have a strongly differentiated profile by clay regardless the 
natural region of their formation. This is illustrated by the high coefficient of the 
overall profile differentiation of more than 2.0 (Table 3).
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TABLE 3. THE OVERALL DEGREE OF THE LUVIC GREYZEMIC 
CHERNOZEMS PROFILE DIFFERENTIATION (S)

Soil horizon
Depth of 
sampling 

(cm)

Pobuggia 
Range  

(profile Ch-2)

Lviv Plateau 
(profile LP-21)

San-Dniester Upland 

profile SD-41 profile SD-61
Dv M Dv M Dv M Dv M

A 0–40 1.40 8.8 1.43 7.2 1.14 10.1 1.25 6.6
ABq 40–70 1.30 12.0 1.44 8.4 1.29 10.8 1.31 10.0
Bt,h 80–120 1.50 17.4 1.60 18.8 1.55 19.9 1.50 17.5
Cl 190–200 1.60 11.6 1.63 15.0 1.64 16.0 1.62 16.0

S = 2.1 2.6 2.7 3.2

Note: Dv – soil packing in the genetic horizon, g/сm3; М – the content of clay fraction <1 μm in the 
genetic horizon, %.

The highest value of the differentiation (3.2) is in the hydrogenic-metamor-
phosed gleyed Chernozems and the least value is in the regarded analogues (less 
than 2.1). In the illuvial horizon, the increase of the clay fraction content often 
correlates with the increase of iron sesquioxides. However, clear differentiation 
of the profile does not always correspond to the degree of redistribution of clay 
and sesquioxides and is not evident in the chemical composition of the clay 
fraction. This can be explained by lessivage.

The texture differentiation of the Chernozems profile is caused not only by 
vertical redistribution of clay, which is supported by the data of chemical and 
mineralogical analysis, but also by the processes of intrasoil weathering and 
argillification in situ, which is proved by the data in Table 4.

TABLE 4. THE ARGILLIFICATION COEFFICIENT OF LVIV REGION LUVIC 
GREYZEMIC CHERNOZEMS 

Depth of 
sampling 

(cm)

Pobuggia Range 
(profile Ch-2)

Lviv Plateau 
(profile LP-21)

San-Dniester Upland 
profile SD-41 profile SD-61

А B Carg.(А:B) А B Carg.(А:B) А B Carg (А:B) А B Carg.(А:B)
0–10 0.38 0.47 0.81 0.32 0.64 0.50 0.44 0.45 0.98 0.28 0.50 0.56
20–30 0.34 ˝ 0.72 0.29 ˝ 0.45 0.33 ˝ 0.73 0.21 ˝ 0.42
40–50 0.38 ˝ 0.81 0.31 ˝ 0.48 0.33 ˝ 0.69 0.23 ˝ 0.46
60–70 0.51 ˝ 1.08 0.43 ˝ 0.67 0.28 ˝ 0.62 0.33 ˝ 0.66
70–80 0.53 ˝ 1.12 0.45 ˝ 0.70 0.50 ˝ 1.11 0.52 ˝ 1.04
90–100 0.53 ˝ 1.12 0.68 ˝ 1.06 0.57 ˝ 1.27 0.58 ˝ 1.16
100–110 0.56 ˝ 0.98 0.71 ˝ 1.11 0.58 ˝ 1.29 0.64 ˝ 1.28
110–120 0.56 ˝ 1.12 0.75 ˝ 1.17 0.56 ˝ 1.24 0.51 ˝ 1.02
130–140 0.60 ˝ 1.28 0.72 ˝ 1.13 0.46 ˝ 1.02 0.45 ˝ 0.90
150–160 0.46 ˝ 0.98 – ˝ – 0.49 ˝ 1.09 0.42 ˝ 0.84
170–180 – ˝ – 0.65 ˝ 1.02 0.51 ˝ 1.13 0.39 ˝ 0.78
190–200 0.47 0.47 1.00 0.64 0.64 1.00 0.45 0.45 1.00 0.50 0.50 1.00

Note: A – the ratio of the amount of clay fraction (<1 μm) to the amount of physical clay (<0.01 mm) in 
the soil; B – the ratio of the amount of clay fraction (<1 μm) to the amount of physical clay (<0.01 mm) in the 
parent material; Carg. – coefficient argillification of soils.
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The argillification coefficient higher than 1.0 indicates the processes of 
argillification of the soil mass. Chernozems are characterised by the direct cor-
relation between the intensity of the soil mass illuviation and the argillification 
coefficient. Therefore, the nature of the illuvial part of the Chernozems profile 
is much more complicated than mere mechanical illuviation of the soil mass by 
means of lessivage. The evidence of the differentiated profile by clay allows us 
to classify these Chernozems as the clay-illuvial Chernozem type.

CONCLUSIONS

The humus horizon of Luvic Greyzemic Chernozems is better enriched 
with silica and aluminium than the rock but, at the same time, it lacks alkali and 
alkaline earth metals, sesquioxides Fe2O3. In the soil, the process of removing of 
carbonates and basic oxides dominates over the process of their accumulation. 
This indicates the eluvial type of distribution of the mineral matter. The carbon-
ate profile has an eluvial or eluvio-illuvial type distribution of carbonates. All in 
all, the Chernozems profile is the result of such processes as leaching, lessivage, 
podzolization and gleyzation, each of which dominated at different stages of 
formation and evolution of the soil.

The clay profile of Chernozems is differentiated by the correlation of the 
main mineral phases. The relative accumulation of dioctahedral hydromicas, 
kaolinite, chlorites and clastogenic minerals takes place due to removal of 
fine-dispersive smectite.

Chernozems have a strongly differentiated profile by clay. The texture dif-
ferentiation of these Chernozems profile is caused not only by vertical redistri-
bution of before colloidal fraction and colloidal clay but also by argillification in 
situ. By the nature of differentiation of the mineral matter, Lviv region Cherno-
zems are classified as the clay-illuvial Chernozem variations.

The presence or absence of the podzolization in Luvic Greyzemic Cherno-
zems (Silic, Arik, Pachic) of wet Atlantic facies of Ukraine is questionable. This 
problem cannot be denied but it cannot be too absolute either.
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