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INTRODUCTION 

The qualitative and quantitative composition of clay fraction miner- 

als, as well as their distribution in soil profiles, is the result of the action 

of determined soil and soil-forming processes. They are decisive of many 

fundamental properties of the soil mass and condition several factors 

decisive of soil fertility [1, 3-6, 13, 14]. 

Therefore, the basic target of this work was to study the distribution 

and mineral composition of clay fractions contained in following soils: 

brown, lessivé and podzolic developed from loess of the Trzebnickie 

Hills. 

Typologically different soils developed from loess formations appear 

as forest soils in similar topographic and climatic conditions. Their eleva- 

tion is on an average 195 m above sea level, the sum of annual precipitation 

550-650 mm, mean temperature of a year 7.7°C, mean temperature of 

January —1.7°C and mean temperature of July +17.4°C. 

The tests were carried out with micromorphological, X-ray, termo- 

graphic and electronic microscopy methods, completed with determination 

of some physico-chemical properties in the profiles of the examined soils 

[2, 4, 7, 9-12]. 

RESULTS AND DISCUSSION 

Investigation results are presented in Tables 1, 2 and in Figures 1-17. 

An analysis of the granulometric composition revealed a differentia- 

tion in several soil profiles, particularly in the amount of colloidal clay. 

This was most pronounced in podzolic and lessivé soils (Table 1). 

The reaction of all the tested soils in their upper horizons was acid 

and weakly acid. In the lower horizons of the brown soil profile the pH 

increased due to occurrence of CaCO;.
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The hydrolytic acidity was found to decrease deeper in the soil. The 
determined amount of mobile iron shows profile differentiation. The 
lowest amount of iron always appears in the upper horizons, and the 
highest one in the middle horizons (Table 1). 
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Fig. 1. Micromorphology of brown soil developed from loess. Horizon An 

sampling depth 3-13 cm. Fragments of plant remains in initial humifying 

state. A — in plain light, B — under crossed polarizers. 

Micromorphological tests were carried out with thin section prepared 

from oriented samples of intact structure according to the method given 

by Altemiiller [1], Kubióna [9] and Kowaliński and Bogda [8]. The par- 

ticipation and occurrence of primary minerals, some secondary minerals 

(further on called clay-ferruginous matter), as well as the arrangement 

and character of voids were determined micromorphologically.



Table 1. Granulometric composition and physico-chemical properties of some soil developed from loess 
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Particle size distribution 
Soil type Sampli in % Mobil ou type, pling o Obie H с Н, mization, Horizon depth Colour 1 01 0.02 Fe ___? a ors. Ca ocalit - a boi 9 o dT у in cm 0.1 0.02 0.002 < 0.002 % Но KCI a 

a mm mm mm mm 

. Ao 0-3 — — — IE — — — — — = m —_ Brown soil Ay 3-18 7.5YR 4/0 2.9 47.1 30 20 1.1 5.7 4.5 0.0 1.17 5.4 5.6 Deciduous forest (В) 18-60 7.5YR 5/4 1.7 53.3 23 22 1.3 5.9 4.5 0.0 0.29 3.1 5.8 Trzebnica (B)/C 60-80 10YR 6/6 1.1 63.9 20 15 1.1 6.7 5.3 0.0 0.27 1.5 5.0 
С 80-150 10УК 7/8 7.6 56.4 24 12 0.9 8.6 7.9 8.9 0.15 0.8 18.2 

Ao 0-3 mP = a — — — — — — = — —_ 
ae Ai 3-16 7.5YR 4/0 3.2 53.8 29 14 0.8 5.2 4.2 0.0 1.70 0.8 0.6 Lessivé soil A; 16-35 10YR7/2 3.4 53.6 29 14 0.7 52 41 0.0 0.34 48 1.3 Deciduous forest Аз/Вз 35-50 10YR 5/2 1.6 52.4 34 12 1.0 5.6 4.4 0.С 0.29 3.9 3.4 Trzebnica В. 50-75 10YR 5/3 0.7 47.3 31 21 1.7 5.6 4.3 0.0 0.17 4.1 5.8 

B;/C 75-95 10YR 6/4 1.2 53.8 26 19 1.4 5.7 4.5 0.0 0.16 3.4 4.0 
с 95-150 10YR 7/6 5.6 53.4 23 18 1.1 5.7 4.5 0.0 0.12 2.7 4.4 

Ао 0-5 гы г. — e = — — — НЕ 
, . А, 5-15 10YR 5/1 4.0 59.0 28 9 0.7 4.5 4.0 0.0 1.10 8.8 0.3 Podzolic soil А, 15-30 10YR 6/1 3.8 56.6 27 13 0.9 4.9 4.1 0.0 0.39 5.5 0.8 Mixed forest A2/B 30-50 10YR 6/3 1.9 49.1 29 20 1.5 5.3 4.3 0.0 0.16 5.0 4.4 Wysoki Kościół B 50-90 10YR 5/3 1.7 50.3 28 22 1.6 5.2 4.4 0.0 0.12 4.7 5.6 B/C 90-160 10YR 7/6 1.9 55.1 25 18 1.6 5.7 4.4 0.0 0.11 4.0 4.4 С 160-190 10YR 8/8 7.1 66.9 14 12 0.9 5.8 4.6 0.10 2.6 3.0 

  

  

  

  

  

  

Exchangeable 

cations S T 

У 

Mg к Ма % 

meq./100 g 

2.0 0.5 0.5 8.6 14.0 61 

2.8 0.2 0.5 9.3 12.5 74 

0.8 0.2 0.4 6.4 8.2 81 

13 0.0 0.7 20.2 21.1 96 

0.0 0.2 0.3 1.1 9.8 11 

0.0 0.0 0.2 1.5 5.3 28 

0.9 0.0 0.3 4.6 7.5 61 

1.1 0.1 0.3 7.4 11.5 64 

12 . 0.5 0.7 6.4 9.8 -66 

0.8 0.0 0.5 _ 5.6 8.3 67 

0.0 0.8 0.4 1.5 10.4 15 

0.0 0.2 0.3 1.3 6.8 19 

1.1 0.3 0.5 6.3 . 13.3 47 

1.7 0.9 0.7 8.9 13.6 65 

1.5 0.4 0.6 6.9 10.9 63 

1.1 03 0.3 4.8 7.4 64 
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Microscopic observations of soil sections show quartz grains to con- 

stitute the major part of the soil mass. They show little differentiation 

in size (from 25 to 100 u) and are weakly rounded (Figs. 2, 5, 8). In several 

genetic horizons they are sprinkled with clay-ferruginous matter in dif- 

ferent degrees (Figs. 3-8). 

  

  
Fig. 2. Micromorphology of brown soil developed from loess. Horizon (B), 

sampling depth 18-28 cm. Skelsepic. The grains of primary minerals are coated 

with clay-ferruginous matter. A —in plain light, B — under crossed polarizers. 

The occurring feldspars enter the composition of finer fractions and 

therefore they are difficult to be determined more closely. However, their 

amount in eluvial horizons is much lower than in the parent rock. This 

would point to their decomposition in the upper horizons. Exceptionally 

there appear green amphiboles with well marked pleochroism. In so 

little amounts there occurs zircon showing a positive relief and high
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interferential colours. One of the heavy minerals found in brown soil 
was garnet. Micromorphological examinations showed a very characteristic 
distribution of the clay-ferruginous matter in the genetic horizons of the 
analysed soil types. In humus and eluvial horizons its amount is small, 
but in illuvial horizons as well as in the browning one this matter occurs 
in large amounts, showing structures and micromorphological arrange- 
ments characteristic for these horizons (Figs. 2, 5, 6, 8). 

  
Fig. 3. Micromorphology of brown soil developed from loess. Horizon С. 

sampling depth 100-110 cm. Precipitations of the calcium carbonate. A— in 

plain light, B — under crossed polarizers. 

Micromorphological examinations have also suggested a dislocation 

of the clay-ferruginous matter in the soil profile. First there gets dis- 

located the clay-ferruginous matter, and then the clay matter without 

any higher content of iron compounds.
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The most intensive dislocation of clay-ferruginous matter occurs in 

lessivé and podzolic soils. Clay-ferruginous matter accumulated in hori- 

zons B and B/C mostly impregnates the internal walls of voids, the inter- 

nal parts of coatings containing less iron compounds than the external ones 

(Fig. 5, 6, 8). 

  
Fig. 4. Micromorphology of lessivé soil developed from loess. Horizon As, 

sampling depth 16-26 cm. Biogenic character of voids. A —in plain light, B— 

under crossed polarizers. 

Micromorphological analysis of thin sections reveals a characteristic 

appearance of voids in different genetic horizons of the examined soils. 

In humus horizons the voids have various shapes and are not coated 

with clay-ferruginous matter. In cases of aggregate structure of the soil 

mass they are bigger, but less numerous.:A characteristic arrangement
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of voids is observed in eluvial horizons, where they are evenly spread 
almost all over the surface of the section. The voids in illuvial horizons 
have almost always the longer axis privileged. These voids, sometimes 
dead-ending, have bottoms and walls coated with the clay-ferruginous 
matter. There is marked a flow character of the observed fragments 
(Figs. 6, 8). 

  
Fig. 5. Micromorphology of lessivć soil developed from loess. Horizon Bs, 

sampling depth 54-64cm. Vosepic. Occurring clay-ferruginous matter coating 

voids. A —in plain light, B — under crossed polarizers. 

This was not observed in the browning horizon, as the clay-ferruginous 

matter is there distributed evenly on the surface of the section. However, 

there are found tubules with coated walls, which are often stopped with 

this matter. In the examined soils the horizons transitional to the parent
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rock showed similar features. In particular, the clay-ferruginous matter 

coating the voids contained more iron compounds than in the upper hori- 

zons; in the thin section this is attested to by an increased intensity of 

yellow-brown colour. The parent material of the examined soils has voids 

distributed unevenly, often in form of tubules with walls differently 

  
Fig. 6. Micromorphology of lessivé soil developed from loess. Horizon B;/C, 

sampling depth 76-86 cm. Sila-vosepic. Some voids are coated with clay-fer- 

ruginous matter. A —in plain light, B — under crossed polarizers. 

coated with the clay-ferruginous matter. Pores and tubules in the C 

horizon of brown soil are coated with CaCO; (Fig. 3). 

The mineral composition of separated fractions 2-0.2 u and <0.2u 

was examined roentgenographically with the powder method D.S.H., 

thermographically by means of a derivatograph and by means of an elec- 

tronic microscope [2, 4, 8, 10-12]. 

15 Zeszyty Problemowe (123)
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The examinations have shown the fraction 2-0.2u to contain mostly 
quartz, beside small amounts of illite, kaolinite and montmorillonite. In 
the fraction < 0,2u quartz was missing, but there was found illite, kao- 
linite and montmorillonite. Deeper into the profile the content of kaolinite 
decreases, while that of montmorillonite increases, the amounts of illite 
being similar in several horizons (Table 2). 

  
Fig. 7. Micromorphology of podzolic soil developed from loess. Horizon Az, 

sampling depth 20-30 cm. Argillasepic. Considerable microporosity, little 

contents of clay-ferruginous matter. A—in plain light, B—under crossed 

polarizers. 

In some genetic horizons of the examined soils the secondary minerals 

were characteristic with a week crystallization degree. This results parti- 
cularly from the character of X-ray lines, DTA curves (Figs. 9-11), as well 

as from electronomicroscopic photographs (Figs. 12-17).
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Fig. 8. Micromorphology of podzolic soil developed from loess. Horizon A;/B, 

sampling depth 35-45cm. Argilla-vosepic. Flown forms of clay-ferruginous 

matter. A — in plain light, B — under crossed polarizers. 

CONCLUSIONS 

These investigation results indicate a high dependence between the 

genetic horizons on one hand, and the mineral composition and distri- 

bution of high-dispersion fractions in soil profiles on the other, namely: 

1. In brown soil the clay-ferruginous matter is distributed evenly, 

dependently on the differentiation of the horizons in soil profile. In 

lessivć and podzolic soils, particularly in eluvial and illuvial horizons, this 

matter shows the features of flow and concentration around voids. 

2. In soil profiles the clay-ferruginous matter enriched in iron com- 

pounds gets dislocated first. This may be seen best in the thin sections 

from the horizons transitional to the parent material. 

15*
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Table 2. Mineral composition of clay fractions of some soil developed from loess 
L 

  

  

  

  

Soil type, Sampling Fraction 2-0,2 u Fraction < 0,2 u 
utilization, Horizon depth 

locality in cm Q H I K M H I K M 

Brown soil А, 3-18 +44 x ++ ++ — — ++ ++ + 

Deciduous forest (B) 18-60 +++ % + т — — $e + ++ 

Trzebnica С 80-150 +++ — ++ + — X ++ + ++ 

Lessivć soil © А, 3-16 +++ — ++ + m Ko da dsk M 

Deciduous forest Аз 16-35 eS <= о о = + + 

Trzebnica В. 50-75 +++ — ++ + — — ++ + + 

С 95-150 rr — ++ хо ma 4 + 

Podzolic soil А, 5-15 +++ — ++ == — — + LL + 

Mixed forest A 15-30 ++ — ++ + — — — ++ + 

Wysoki Kościół B 50-90 пани =. Эн +- + — ++ + ++ 

с 160-190 +++ — ++ — X — ++ X ++ 

  

Explanations: Q — Quartz; H — Hydrobiotite group; I — Illite group; K — Kaolinite group; M — Montmorillo- 

nite group; + + + > ++ > + > X; — notidentified. 
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DTA-curves of clay fraction <0.2u of brown soil developed from
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Fig. 10. DTA-curves of clay fractions < 0.2 of lessivé soil developed from 

loess. 

Horizon Sampling depth 
incm    

Ay 9-15 

170 
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60 - 70 

160 - 170 

  

570 

170 

Fig. 11. DTA-curves of clay fraction <0.2 of podzolic soil developed from 

loess. 

3. Independently on the soil type illite is the predominating clay 

mineral, while kaolinite and montmorillonite are the accompanying ones. 

4. In all the examined genetic horizons illite occurred in similar 

amounts, however deeper into the profile the kaolinite content decreases 

and that of montmorillonite increases.
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Micromorphology of clay fractions under electronic microscopy: 

Fig. 12. Brown soil, horizon Ai. 

Fig. 13. Brown soil, horizon (B)C. 

Fig. 14. Lessivé soil, horizon As. 

Fig. 15. Lessive soil, horizon B;. 

Fig. 16. Podzolic soil, horizon A>. 

Fig. 17. Podzolic soil, horizon B.
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SUMMARY 

The aim of this work was the examination of the distribution and 

composition of clay fractions substances contained in brown, lessivé 

and podzolic soils formed out of loess of the Trzebnickie Hills. The 

micromorphologic examinations have shown that in the investigated soil 

profile, first of all, the clay-ferruginous substance is displaced, and then 

that the clay-substance without any higher amount of iron compounds 

is displaced too. The most intensive displacement of clay-ferruginous 

substances occurs in lessivé and podzolic soil. 

The mineralogical examinations of clay fractions have shown that 

the kaolinite contents decreases and that of montmorillonite increases 

along with the depth of the profile; the amounts of illite in several 

horizons being more or less stable. In some genetic horizons secondary 

minerals are characteristic with weak crystallization degree. 
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