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Abstract. Minerals of mixed-layer smectite (beidellite)-illite type, illite and small amounts
of kaolinite were found to occur in the finest fraction (below 2 um) of loesses in SE Poland. The
contents of these minerals vary with depth both in younger loesses (from the last glaciation) and in
older ones (from the foregoing one). In deeper horizons there occur higher concentrations of mixed-
-layer minerals. Smectite/illite from older horizons displays higher degree of crystallinity than in
younger ones. This indicates that recrystallization processes in loess profiles had to take place.
The content of smectite/illite mixed-layer mineral in younger loesses amounts to 60—65% whereas

.in older ones and fossil soils increases up to 65—80%. Most probably, this difference can be partly

explained by primary contents of this mineral in original sediments, from which the loesses in ques-
tion were formed. It is supposed that diversified climatic conditions have influenced the rate of degra-

.dation of illite structure into that of mixed-layer smectite/illite type. Another factor could be the
_action of time i.e. the aging of primary sediment.

INTRODUCTION

There are very few data on clay minerals contained in Polish loesses. They are
nearly exclusively qualitative in character and based on DTA study (Tokarski et al.
1961). More complex data on clay minerals in question, presented by Grabowska-Ol-
-szewska (1963), indicate that in loesses of the Sandomierz region, illite predominates,
being accompanied' by kaolinite and montmorillonite. Similar results were obtained
for loesses of West Roztocze by Malinowski (1964). Uziak’s (1961, 1964) investiga-
tions have shown that in soils formed from loesses in E Poland the most characteristic
are mixed-layer illite-montmorillonite minerals and only locally montmorillonite pre-
Jdominates. Quantitative X-ray determinations, carried out in the Laboratory of Phy-
sical Geography in Amsterdam, have shown that the clay fraction of loesses from the
Lublin region consists predominantly of illite (70—80%), accompanied by montmo-
rillonite (5—15%) and trace amounts of kaolinite (Maruszczak, 1969).

"In finer grained fractions of soils, covering loesses of the Trzebnickie Wzgorza
Hills and Glubczyce Upland, there occur montmorillonite and mixed-layer mont-
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morillonite/illite minerals, accompanied by illite and subordinate amounts of kaoli--
nite (Chodak 1973, 1976). The content of montmorillonite increases with depth.

Recent data of Chodak et al. (1979) on seven loess samples from SE Poland indi-
cate that the kinds and amounts of clay minerals occurring in them are the same.
Mixed-layer illite/smectite minerals are dominating in them. The authors suggest
that smectites from older and younger loesses are slightly different. This is manifested
by different temperature range of dehydroxylation endothermal DTA peaks.

Uziak’s (1979) studies of loessial profiles in Pikulice near Przemysl have shown
the presence of three soil horizons, corresponding to Holocene, interstadial and inter-
glacial (Eemsian) ages. No differences in clay mineral associations were observed

in them. The only variations of mineral composition were found in fractions o -

different grain-size. So eg. in that 2—0.5 pm illite predominates whilst in the finer

one (below 0.2 pm) mixed-layer illite/smectite mineral is the most abundant.
Rybicka and Ratajczak (1979) have determined quantitative mineral composition

of loesses occurring in the slopes of Dlubnia river valley near Cracow. The most

important clay mineral in them is smectite/illite, accompanied by small amounts of”

illite and kaolinite. The latter is more abundant in upper horizons.
In the above publications, there are presented the results of analyses of rather
small amounts of samples, often coming from different profiles. On the other side,

the studies carried out by soil scientists are concerning mainly the genetic horizons of

soils and to much lesser extent the parent loessial rocks. Therefore, in the present
study we have examined the selected loess profiles from their most important oc-
currences, showing lithological and stratigraphical differentiation. Four profiles were:
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found to be the most representative and best characterized stratigraphically: 1) Nie-
ledew, 2) Odonéw Gorny, 3) Komardéw Gorny, and 4) Jarostaw (Fig. 1). In the first
‘two outcrops, being of fundamental importance for the stratigraphy of Polish loesses,
rather thin younger loesses (of the last glaciation) are underlain by well developed
and stratigraphically diversified older loesses (from preceding glaciation). In the
both remaining profiles, better developed and stratigraphically differentiated are
the younger loesses. The older ones are represented only by top and, eventually,
middle horizons. The samples for analyses were collected not only from loesses of
-different age but also from interglacial and interstadial soils, separating them. All the
samples studied are from Maruszczak’s collection.

Loessial profile in Nieledew, found and examined by Mojski, has been discussed
in numerous papers (Mojski 1956, 1965; Jersak 1969, 1973 ; Maruszczak 1974, 1976,
1980b, c¢). The profile in Odonéw has been discovered and examined by Jersak
{1973, 1976), whilst that in Komaréw Gorny — by Maruszczak (1974). The first data
on the profile in Jarostaw were reported by Laskowska-Wysoczanska (1971) and its
detailed stratigraphic interpretation presented by Maruszczak (1980c, 1976). Litho-
logical and stratigraphical differentiation of these profiles are presented in Fig. 2.
Geochronological interpretation, nomenclature and symbols of stratigraphic units
and of fossil soils are in this figure after Maruszczak (1976, 1980 a, b).

There are very few data on detailed mineral composition and grain-size distribu-
tion of loesses occurring in SE Poland. The present authors have examined these
important characteristics for typical loess deposit from Boguchwata near Rzeszow.

METHODS

Mineral composition of loess sample from Boguchwala, as well as of the finest
clay fraction (below 2 pum), separated from those of the above mentioned four profiles
{altogether 41 samples) has been determined using X-ray and DTA methods. X-ray
analyses were carried out by means of X-ray Diffractometer DRON-I1, using filte-
red CuK, radiation. DTA studies were performed by applying Paulik-Paulik-Erdey
Derivatograph. Moreover, grain-size distribution in loess sample from Boguchwata
was determined using Sartorius sedimentation balance.

The contents of individual minerals (kaolinite, quartz, calcite and feldspars)
‘were estimated by means of calibration curves, obtained by analyzing standard mix-
tures containing these minerals in various proportions and showing similar grain-size
distribution and mineralogical character. Integral intensity of suitable reflections of
these minerals (kaolinite — 0.714 nm, quartz — 0.426 nm, calcite — 0.301 nm,
faldspar — ca. 0.32 nm) were measured and used to evaluate their contents. Weight
losses in the range 360—650°C, resulting from TG curves, were accepted as the measu-
re of total content of clay minerals in the samples examined. The loss corresponding
to kaolinite was subtracted from the total one on the ground of the content of this
mineral determined by X-ray method. So corrected weight losses were the basis for
computation of total content three-layer clay minerals. It is well known that both the
minerals — illite and smectite/illite — contain ca. 4.5 wt. % water bound as hydroxyl
groups which are evolved in this temperature range. :

On the ground of X-ray data, the ratio of integral intensity of lines ca 1.0 nm of
illite and ca. 1.5 nm for smectite/illite was accepted as the measure of percentual ratio
of these minerals in the samples examined (by assuming the intensities of their basal
‘001 reflections to be equal). This assumption results from similar chemical composi-
tion, structure and grain-size distribution of smectite/illite and illite occurring in the
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Fig. 2. Stratigraphic schemes of selected loess profiles in SE Poland. (after Maruszczak 1980 b):
1 — humus horizons of chernozem type, 2 — other humus horizons, distinctly marked, 3 — humus horizons: poorly

marked, 4 — lessivage horizons well (a) and poorly (b) marked, 5 — intensely coloured upper part of browned and
illuvial horizons, 6 — middle, less intensely coloured part of browned and illuvial horizons, 7 — lower part of illuvia I

horizons with regular brown and yellow bands, 8 — dilluvia of chernozem horizons, 9 — other dilluvia of soil horizons -

(mainly humus), /0 — soil sediments showing symptoms of initial humus horizon — strongly (@) and poorly (b) marked,
11 — soil sediments showing symptoms of browning process, /2 — mineral-peat lenses in swamp soil, /3 — relics (2)
of humus horizon with high concentrations of manganese compounds, /4 — spotty concentrations enriched in humus or
in and iron pounds, /5 — gleying symptoms, /6 — carbonate loess, 17 — arenaceous carbonate loess
with intercalations of fine and dusty sands, /8 — carbonate-free loesses — typical (a) and arenaceous (b).

Symbols of stratigraphic units of loessial cover: L — loess, M — younger, § — older, N — the oldest, g — upper

s — middle, d — lower, n — the lowest.

Symbols of soil units: G — soil showing well developed genetic horizons, H —
interstadial (fossil) soil, sg — soil sediments, dg —

contemporaneous (Holocene) soil, J —
soil delluvia, (g) — traces of development of soil-forming processes.

examined fractions of loesses. On the ground of quantitative proportions of mixed-
-layer mineral and illite, and the total contents of these minerals, their percentual
contents could be computed.

Finally, the content of carbonates was determined on the basis of weight losses in
the range 650—750°C and checked by X-ray data. The weight losses in the range
200—360°C was the measure of organic matter content in the examined fractions
of loesses. The eventual presence of chlorite was checked by X-ray study of samples
heated at ca. 550°C.

The average error of such computation of quantitative mineral composition
amounts to ca. 10 relative % for each mineral.

RESULTS
MINERAL COMPOSITION OF LOESS FROM BOGUCHWALA

The mineral composition and grain-size distribution of the rock in question is re-
presentative for loesses in SE Poland.

The analyzed sample was collected in a quarry of brickyard at the depth of approx.
8 m and examined in 1973. It represents the younger loesses and does not show any
distinct stratigraphic differentiation.

Loess from Boguchwata is a fine-grained, light yellow rock, consisting predomi-
nantly of fine quartz grains. Besides, it contains small amounts of carbonate minerals,
occurring in grains 30—40 pum in size. We also observe single dispersed mica flakes.
The grains of the above minerals are cemented with clay substance, represented
mainly by mixed-layer smectite/illite mineral and small kaolinite admixture.

On the ground of X-ray analysis, the mineral composition of this loess (whole
rock) is as follows:

wt. %
quartz i R )
acid plagioclases 10
K-feldspar 10
mixed-layer smectite-illite 15
micas (sericite, illite) 10
kaolinite 5

carbonates (calcite, dolomite) 5

As follows from X-ray study, loessial rock of Boguchwata contains considerable
amounts of feldspars. They are fine-grained and, consequently, hardly observable
under polarizing microscope. Similarly, abundant feldspars were found by X-ray
study to occur in loesses of the environs of Cracow (Rybicka, Ratajczak 1979).

As far as the grain-size distribution is concerned, loessial rock of Boguchwata is
fine-grained in character — the fraction 60—4 pum constitutes ca. 80%; of it (Table 1).
It consists predominantly of quartz, accompanied by feldspars, carbonates and clay
mineral aggregates. Subordinate 4 — 1 pm fraction (109 of the rock), consists pre-
dominantly of quartz and clay minerals, accompanied by very small admixture of
carbonates and feldspars. The fraction below 1 pm is composed mainly of clay mi-
nerals with pelitic quartz admixture. The mineral composition of individual grain
fractions is as follows:

Fraction above 60 pm — consists predominantly of sharp-edged quartz grains,
accompanied by single calcite crystals and light mica flakes. Feldspars are fairly

47



abundant, being represented mainly by plagioclases and subordinate 'potalssu‘xm
feldspars. Moreover, there occur clay mineral aggregates p;mented with calcite.
Fraction 60—15 pm shows very similar mineral composition as the former one.
Fraction 15 — 4 pm contains more clay minerals tha.t the'coarger grained ones.
They are represented predominantly by mixed-layer smectlt.e/x.lllte mlnm"al, accomp'a-
nied by dioctahedral mica of sericite type and some kaolinite. Potassium feldspar

Table 1
Mineral composition of individual loess fractions from Boguchwata
Content of minerals (in wt. %)
Fraction Content of i
(grain-size fraction smectite/ | kaoli- | ™€@ felds- ) dolo-
limits in pm) (in wt. %) llite e (sericite,| quartz pars calcite e
illite)
|
above 60 10,2 10 1 10 55 17 4 3
60—15 65,2 5 2 5 50 30 2 6
15— 4 11,8 20 8 25 30 14 2 1
4— 1 3,5 30 10 27 25 6 2 1
1—0,5 1,9 53 10 25 10 2 — —
below 0,5 7.3 60 ) 30 5 — — —

and plagioclases occur in equivalent amounts. Carbonates are represented by calcite
and dolomite, the latter being more abundant.

Fraction 4— 1 pum is composed mainly of clay minerals: smectite/illite, illite,
micas of sericite type and kaolinite. Feldspars and carbonates occur in very low
amounts, whereby more resistant K-feldspar dominates over plagioclases.

Fraction 1 — 0.5 pm is carbonate-free. Feldspar content does not exceed 5%
(mainly K-feldspars). Clay minerals dominate as in previous fraction.

The finest fraction (below 0.5 pm) consists nearly entirely of clay minerals,
accompanied by ca. 5% quartz. No feldspars and carbonates were found to occur.
Clay minerals of this fraction are represented predominantly by mixed-layer smectite/
/illite minerals. As follows from X-ray study of samples, saturated with MgCl,, the
ratio of smectite to illite layers amounts to 65/35. The content of illite is ca. 30%,.

Mineral composition of fractions, separated from loessial rock of Boguchwata
is presented in table 1, wheres the grain-size distribution and the partition of mineral
components among these fractions are illustrated in Fig. 3.

MINERAL COMPOSITION OF CLAY FRACTION OF LOESSES

Detailed study of mineral composition of the clay fraction (below 2 pm) has
shown that mineral associations in them are the same. However, we observe distinct
differences in the ratio of two major mineral components — smectite/illite and illite.
This is illustrated by the results of quantitative analyses of 41 samples (table 2).
As follows from these data, the clay fraction of all the loesses examined is composed
of mixed-layer smectite/illite mineral, illite and, probably also a little smectite, as well
as kaolinite admixture. Swelling layers of smectite/illite in question are beidellitic
In type, what is manifested by characteristic value of 001 reflection — ca. 1.47 nm
on X-ray pattern. When saturated with K ions this structure collapses, changing into
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il]?tic one. Consequently, in X-ray pattern, the 00/ line is displaced to ca. 1.0 nm. The
mineral in question displays swelling properties when treated with ethylene glycol.
T_his is manifested by displacement of the 00/ line to ca. 1.8 nm. We observe some
differences in sharpness of the 00/ line of mixed-layer smectite/illite occurring in
the examined samples. This can be due to different degree of structural ordering
(crystallinity) of this mineral. Another important component of the loesses examined
is illite, identified by characteristic basal reflection ca. 1.0 nm. This line is broad and
diffused, indicating considerable disintegration of this mineral and its weak structu-
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Fig. 3. Diagram showing mineral composition and grain-size distribution of loess from Boguchwata
1 — smectite/illite; 2 — kaolinite; 3 — mica; 4 — quartz; 5 — feldspars; 6 — calcite; 7 — dolomite

ral ordering. Besides, the examined fractions contain small amounts (up to 5%) of
kaolinite (reflection ca. 0.714 nm). X-ray study of samples heated at approx. 550°C did
not confirm the presence of chlorite.

DTA, TG and DTG curves of the samples examined are practically identical.-
They are characterized by the presence of intense endothermal peaks in the range
20—200°C (dehydration of swelling minerals) and 200—300°C (combustion of orga-
nic matter), followed by endothermal peak of simultaneous dehydroxylation of clay
minerals: smectite/illite, illite and kaolinite (300—650°C). In some patterns there alsp
appears a weak peak in the range 650—750°C, corresponding to calcite decomposi-
tion. At 820°C we observe a weak endothermal reaction of breakdown of smectite/
/illite and illite structures and at 880°C a weak exothermal peak also connected wnth.
the presence of these minerals.

4 — Mineralogia Polonica 49



Table 2

Mineral composition of the finest fraction (below 2 pm) of loesses from the four essential

profiles studied

Content of minerals in wt. %
Depth : smec- SL/E
o e i (m) quartz | calcite kii(::- illite | tite/ | other I
illite
1 1,9—24 5 5 3 15 48 cot It 107 | 430,
g i 5 5 3 ey B 4,5
g 2 4,5—4,6 ) 4
e 3 4,85—5,40 5 trace 3 16 62 i
3 4 5,75—5,85 5 | trace 3 ROl Ofre|fess 3,5
3 5 6,75—6,85 5 | trace 3 137 &l a6Th It 5,1
£ 6 7,3—7,4 5 | trace 3 40 | 50 2 1,2
N 7 9,5-9,6 5 | trace 3 Py 1) oo s VB
8 121106 5 | trace 5 25 | 60 s | o
9 {l6a2t] 5 5 4 2541t 57 4 23
z g 10 3,5—4,0 10 2 3 15 | 62 8 6,1
222! n 5,0—5,4 5 3 2 it e o s i
235| 1, 6,1—6,2 10 | trace 3 st §|Mreogel | ojik | SoTo
i 13 6,7—6,8 2 o 5 1514l 47s 3 5,0
14 8,25—8,75 5 2 2 S [ o kil 9,0
- 15 9,05—9,15 5 A 3 Sidliigs 910
38 16 9,95—10,45 5 | trace 5 psuigl - 75l 50
3 17 10,55—10,65 5 o 3 12 7ol |10 58
% 3 18 12,15—12,65 5 3 2 stdllsasiaal i ont {50
< 19 12,95—13,05 10 2 5 258l Esoliil 1o 2,0
20 13,35—13,45 5 i 5 [0 5 4,7
21 10021 3 2 3 40 | 48 4 1,2
2 2,0—2,05 3 2 5 0T e e 3,5
23 27018 5 1 5 30 | s0 9 1,7
24 3,7—3,8 5 trace 5 20 64 (i 22
25 4,15—425 2 Lt 5 98 | H6s 5 2,8
= 26 5,75—5,85 5 3 5 13 | 65 9 5,0
3 27 6,5566 5 | trace 5 18 01| 63 ha2in] Y4
g 28 76476 5 1 3 30 (i Lt 2,0
3 29 8,0—8,1 5 | trace 5 16 | 70 P
30 9,293 5 2 3 P o o s e
31 9,6—9,7 5 2 3 10 80 AR 8,0
32 10,75—10,80 5 | trace 4 e il (o e S 1
33 11,75—11,80 10 | trace 4 167818 6ot A Hgiselix 4y
34 11,60—11,65 10 1 5 207 1] Hest Il gty
35 105413 5 & 5 25 | 62 3 2,5
@ 36 4,25—4.35 8 2 2 30 | 55 3 1,8
x 37 9495 10 | trace 2 10 | 70 R iy
.E;! 38 10,85—10,95 10 trace 5 25 50 10 2,0
¢ 39 129—13,0 0 AR N ol . i e g
4 40 13,6—13,7 3 i 2 35 il 60 e+ 1,7
41 15,7162 3 i 2 oy iy
50

Nieledew profile

This profile was completed on the basis of two adjacent outcrops in an abando-
ned brick.yard. In Maruszczak’s documéntation (1980 c) they are registered as
“Grabow;ec 3”. The upper part of this profile (Grabowiec 3E) embraces younger
loesses with underlying younger interglacial soil (samples 12 and 13), whereas the
lower one (Grabowiec 3A) — older loesses with underlaying older interglacial soil
(samples 19 and 20). In Table 2 the depth of sampling sites in lower part of the profile

i59 8c(c);;)r)ected to make more clear the stratigraphic sequence of beds (Maruszczak
1 !

Kc

:
f

33 .29 s 25 20 AT b i L] S T § S

Fig. 4. X-ray diffractometer patterns of the finest fraction of samples from Nieledew profife
(younger loess)
9, 10...No of samples. Basal reflections 001; S/I — smectite/illite; I — illite; Ko — kaolinite; Q — quartz

q"
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‘In the upper part of the profile the content of mixed-layer smectite/illite mineral
decreases down to ca. 55%. Further downwards its content increases whilst that of
illite diminishes. This is distinct already at the depth of 3.5—4.0 m below the top.
Smectite/illite in deeper horizons is characterized by sharper X-ray 001 reflections,
indicating higher degree of crystallinity of this mineral. Similarly well ordered mixed-
-layer mineral occurs in the illuvial horizon of interglacial soil at the bottom of youn-
ger loess horizon at the depth 6.7—6.8 m (sample 13), where its content amounts

to 75%. Thermal and X-ray data for the fraction below 2 pm of this part of the
profile are presented in Fig. 4 and 5.

The examined fractions of loesses contain negligible amounts of organic matter,
probably sorbed on clay minerals. Its content increases with depth down to 6.1—
—6.2 m (sample 12) and, afterwards, distincly diminishes. The beds which in this part
of the profile represent the proper younger loess (samples 9, 10 and 11) display low
calcite content. Its presence is marked on both thermal and X-ray patterns. Double

endothermal peak at 680 and 720°C can be due to the presence of two generations
of calcite of different grain size.

The lower part of the profile, representing the older loesses, is characterized by
relatively high content of mixed-layer smectite/illite mineral, which at the depth
range 8.75—12.65 m amounts to ca. 70%. Besides, it exhibits high degree of crystalli-
nity (sharp 001 line in X-ray pattern). At the depth 12.95—13.45 m the content of
mixed-layer mineral is lower and that of illite higher. Simultaneously, the mixed-layer
mineral displays lower degree of crystallinity (more diffuse 007 line). In this part of

the profile the content of organic matter is small but some increase is observed at
the depth 9.05—9.15 m.

Odondéw I profile

Smectite/illite is the major component of the examined fraction of the sample
from this profile and its content increases with depth from 50 to 80%. Kaolinite
admixture is fairly constant and amounts to ca. 5%. Among other minerals we observe
small admixture of quartz (up to 5%) and trace amounts of calcite.

Komaréw Gorny profile

Mineral composition of the examined fraction of loess from this locality is similar
to that of the Odondw I profile, showing distinct predominance of mixed-layer mi-
neral over illite. The content of smectite/illite is maximal in samples from middle part
of the profile and amounts to ca. 709, whilst that of illite varies from 15 to 40%.
Kaolinite admixture is small — up to ca. 5%.

Jarostaw 4B profile

The clay fraction of loess from this profile is fairly rich in illite (up to 35%).
The content of swelling smectite/illite mineral amounts to ca. 60% and distinctly
increases in the middle part at the depths 9.4—9.5 m and 12.9—13.0 m (samples 3.7
and 39). Besides, smectite/illite from this horizon displays higher degree of crystglh-
nity (sharper 00/ line — 1.47 nm). The content of organic matter is small. A little
calcite appears at the depth 4.25—10.95 m.
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MINERAL COMPOSITION OF THE FINEST FRACTION OF LOESSES (BELOW 0.2 um)

In all the examined loess samples the clay fraction (below 2 pm) consists prqdomi-
nantly of smectite/illite and illite, accompanied by kaolinite, quartz and calcite. In
order to examine more in detail the mineralogical character of the smc_:ctltg/dhte
phase, the samples from the Odonéw I and Nieledew profiles (containing its highest
amounts) were mixed and from this mixture the fraction below 0.2 pm separated.
Identification has been carried out using standard DTA and X-ray methods by ap-
plying the technique of examing the samples oriented by sedimentation and saturated
with glycol. As follows from comparison of X-ray patterns, the major phase of sepa-
rated fraction is represented by disordered, dioctahedral mixed-layer smectite/illite
(Reynolds, Hower 1970). The content of smectite layers is variable, depending on the
profile and depth, from which the samples were collected.

a
b
S/Ic
I 2
Slic
o 2
o Lk oy
Ko
i
1
I
Slc
1 I
Ko
S/1
I

r
=

-

-

25 20 19 10 Sl20

J

1 1
25 20 15 10 94 28

Fig. 6. X-ray diffractometer patterns of the finest fraction (below 0,2 i
um) from the profiles: a — Nie-
ledew (older loess), depth 9,95—10,65 m, b — Odonéw I, depth 8,0p_97 m
1 — non-treated sample; 2‘ = sample saturated with ethylene glycol; basal reflections 001 :S/l-sme::titc/illite. L-illite
Ko — kaolinite, Q — quartz, S/Ic — of smectite/illite complex with ethylene glicol f
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The highest percentual content of smectite layers was found in the finest fraction
of older loesses whereas the lowest — in the bottom part of the Odonéw I profile.
This content amounts to 50—70%; whilst that of illitic layers — 30—50%,. Smectite-
-poorer (40—50%;) are the mixed-layer minerals of older loesses from the Nieledew

groﬁlje.7x-ray and thermal patterns of selected finest fractions are presented in Fig.
and 7.

 The finest fraction consists nearly entirely of mixed-layer smectite/illite which
is accompanied by illite (up to 10%) and kaolinite (several percents). X-ray and
chemical data (Table 3) indicate that smectite/illite of mixed-layer structure consists
of randomly interstratified smectite (beidellite) and illite layers. The content of
swelling layers amounts to 40—609%, similarly as that of illitic ones. Consequently
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Fig. 7. Thermal curves for the samples detailed in Fig. 6.

the ratio of smectitic and illitic layers varies around the mean 1:1 value. Chemical
composition of the finest fraction indicates that the mixed-layer mineral in question
contains high amounts of Fe3* in octahedral layer. Swelling layers easily fix potassium
in interlayer spaces collapsing to ca. 1.0 nm.

Illitic layers in the lattice of mixed-layer mineral display high degree of degrada-
tion. As follows from K,O content in the finest fractions (below 2 pm — table 3),
illitic layers contain, on the average, 3.58 wt. % K,O, whilst in typical illite the content
of this element amounts to 5—7 wt. %.
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Table 3
Contents of characteristic chemical components in the finest fraction (below 0,2 pm) in wt. %
Loss on
Sample Fe,0; CaO MgO Na,O K,O P,Os ity

1— Odonéw I depth:

8,0—9,7 m 6,97 3,52 1,81 0,16 1,98 0,14 8,92
2— Odondéw I depth:

10,75—10,80 m 6,80 2,05 1,57 0,16 1655 0,14 8,70
3 — Nieledew

(older loess)

depth:

8,25—9,15 m 7,32 2,80 2,39 0,16 1,84 0,12 11,24
4 — Nieledew

(older loess)

depth:

9,95—10,65 m 8,57 2,91 2,39 0,17 1,73 0,12 9,45
5 — Nieledew

(older loess)

depth:

13,35—13,45 m 8,57 1,63 415 0,17 157/33 0,11 9,90

DISCUSSION

The present study has evidenced some regularities in distribution of clay minerals
in typical Polish loess profiles. The most characteristic component of these sediments
is the mixed-layer smectite/illite mineral. Its structure, as well as the properties and
intimate association with illite suggest that the mixed-layer mineral was formed by
transformation of illite. Both these minerals are common components of clay rocks.
Consequently, the transformation in question could begin already before the deposi-
tion of loessial dust in the primary clay rocks which were the source material for lo-
esses. In loessial rocks this process was continued, particularly in soil beds. This con-
clusion results from the fact that in fossil soils the smectite/illite shows lower degree
of crystallinity when compared with underjaying loess beds. This is, probably, due to
active influence of organic matter and related biochemical processes proceeding in soil
horizons.

The dominant transformation process: illit=smectite/illite==smectite, can
proceed locally in opposite direction. Potassium ions, contained in pore waters (eg.
from weathering feldspars), can be fixed by smectitic layers which subsequently collap-
se, transforming into sheets of illitic type. This is confirmed by saturation tests of
clay fraction with potassium ions. It is supposed that in loessial deposits some equili-
brium between these processes is established, causing relative stability of mixed-layer
minerals, containing equal amounts of illitic and swelling smectitic layers.

The contents of mixed-layer and illite minerals in clay fractions are varying in
lgqssial profiles. We may distinguish some horizons, in which the content of smectite/
/illite varies within 50—56%;, whilst that of illite is higher than 15%; and others
containing 65—807%; of mixed-layer mineral and lower illite content (le(;s than 15V)t
The former are characteristic predominantly for younger loesses (profiles: Komar(;jw
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Goérny, Jarostaw 4B) whereas the latter — for older loesses and lower horizons of
younger ones (Nieledew profile and lower part of the Odonéw I one). Worth mentio-
ning is high content of smectite/illite in interglacial and interstadial fossil soils
(samples 29 and 31 of the Odonéw I profile, 4 and 5 from Komaréw Gorny, sample
13 from Nieledew and samples 37 and 39 from Jarostaw 4B profile).

S/I

The average percentual ratio of mixed-layer smectite/illite and illite 7) for the

profiles consisting predominantly of older loesses ranges from 3.3 to 7.2, whereas for
those enriched in younger loesses — from 2.0 to 3.0. This difference can reflect
variable content of mixed-layer mineral in parent clay rocks. However climatic con-
ditions of deposition of loessial material could also significantly influence the rate of
illite transformation. The time factor has also to be taken into account. Soil-forming
processes resulted in large-scale transformation of illite into mixed-layer mineral.
After the burial of these soils by overlying loesses (fossil soils of loess profiles),
recrystallization of mixed-layer mineral could take place. These processes were acce-
lerated by solutions circulating within porous loessial deposits. Mixed-layer smectite/
/illite mineral and illite are the major components of clay rocks, especially those of
marine origin, occurring close to the sampling sites of loesses. They are represented,
first of all, by Carpathian shales, Miocene clays of the Forecarpathian depression and
Pliocene Poznan clays. Of these series, the Carpathian shales were best exposed
during the accumulation of loesses in SE Poland. Miocene and Pliocene clays were
predominantly covered by younger Quaternary sediments.
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Leszek STOCH, Henryk MARUSZCZAK, Edeltrauda HELIOS-RYBICKA

MINERALY ILASTE LESSOW SE POLSKI

Streszczenie

We frakcji < 2 pm lessow z potudniowo-wschodniej Polski stwierdzono obecno$é
mineraléw mieszanopakietowych typu smektyt (beidellit)-illit, illitu oraz niewielkie
ilosci kaolinitu. Zawarto$¢ tych mineraléw zmienia si¢ z glebokoscia zaréwno
w lessach mtodszych (z ostatniego zlodowacenia) jak i starszych (z poprzedniego zlo-
do“(acenia). W glebszych poziomach wystepuja wieksze ilosci mineratéw mieszano-
pakn_etowych. Smektyt/illit z glebszych pozioméw wykazuje wyzszy stopien krystalicz-
nosci niz z pozioméw mtodszych. Swiadczy to o procesach rekrystalizacji jakie
zachodzily w profilach lessowych. Zawarto$¢ mieszanopakietowego mineratu smek-
tyt/illit wynosi w mlodszych lessach 60—65%; podczas gdy w lessach starszych oraz
glebach kopalnych wzrasta do 65—80%;. Zroznicowanie to moze by¢ po czeéei zwia-
zane z zawartoscig omawianego mineratu w pierwotnych osadach, z ktérych pocho-
dZ'ﬂ materiat lessowy. Autorzy przypuszczaja, ze zréznicowane warunki klimatyczne
mialy wplyw na predkos¢ degradacji struktury illitu w kierunku mineratu mieszano-
pakletqwego smektyt/illit. Innym czynnikiem bylo postepujace z biegiem czasu
starzenie si¢ osadu.

OBJASNIENIE FIGUR

Fig. 1. Rozmieszczenie profili lessow: i i iej
- 1. Rozmi ych z terenu Polski potudniowo-wschodniei, z ktor
probki do badan % 5 o
I — lessy wlasciwe o miazszo$ci przekraczajacej2—3 m, 2 — pylasto-gliniaste utwory peryglacjalne

— lessy " ; > : miejscami
zcienkimi platami pyléw eolicznych, 3 — granice obszaréw gorskich, 4 — wazniejsze profi

le lessowe
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Fig. 2. Sg:hpmaty stratygraficzne wybranych profili lessowych z terenu Polski poludniowo-wschod-
niej (wg. Maruszczaka 1980, 1980b)

1 — poziomy humusowe typu czarnoziemnego; 2 — poziomy humusowe inne wyraznie zaznaczone; 3 —
poziomy humusowe stabo zaznaczone; 4 — poziomy przemywania (@ — dobrze zaznaczone, b — slabo zaz-
naczone); 5 — cz¢$¢ gorna intensywniej zabarwiona pozioméw brunatnienia oraz iluwialnych; 6 — czes¢
srodkowa mniej intensywnie zabarwiona pozioméw brunatnienia oraz iluwialnych; 7 — cze$¢ dolna, pozioméw
iluwialnych z nieregularnymi smugami brunatnawymi i Zéltawymi; 8 — deluwia pozioméw czarnoziemnych;
9 — inne deluwia pozioméw glebowych (przewaznie prochniczych); 10 — sedymenty glebowe z oznakami
inicjalnego poziomu humusowego zaznaczonymi (a — silniej, b — slabiej); 1/ — sedymenty glebowe z oz-
nakami rozwoju proceséw brunatnienia; 712 — soczewki mineralno-torfowe w glebie bagiennej; /3 — relikty
(?) poziomu humusowego z duza koncentracjg zwiazkéw manganowych; /4 — plamiste skupienia ze zwiekszo-
na zawartoscia prochnicy lub zwiazkéw manganowo-zelazistych; 15 — oznaki oglejenia; 16 — less weglanowy;
17 — less weglanowy piaszczysty i z przewarstwieniami piaskéw drobnych oraz pylastych; 18 — lessy bezwe-
glanowe (odwapnione, @ — typowe, b — piaszczyste)

Symbole literowe jednostek stratygraficznych pokrywy lessowej: L — less, M — mlodszy, S — starszy, N —
najstarszy g — gorny, s — §rodkowy, d — dolny, n — najnizszy.

Symbole literowe jednostek glebowych: G — gleba z dobrze wyksztalconymi poziomami genetycznymi, H —
wspolczesna czyli holoceniska, J — kopalna interstadialna, sg — sedymenty glebowe, dg — deluwia glebowe,
(g) — $lady rozwoju proceséw glebotworezych.

Fig. 3. Diagram skladu mineralnego i krzywa uziarnienia lessu z Boguchwaly
Fig. 4. Dyfraktogramy rentgenowskie probek <2 pm z profilu Nieledew (less miodszy)

Fig. 5. Termogramy probek <2 um z profilu Nieledew (less mtodszy)
Fig. 6. Dyfraktogramy rentgenowskie probek frakcji ponizej 0,2 um z profili: @ — Nieledew (less
starszy), gleb. 9,95—10,65 m, b6 — Odonoéw I, gieb. 8,0—9,7 m

Fig. 7. Termogramy probek frakcji ponizej 0,2 pm z profili: « — Nieledew (less starszy), gleb.
8,0—9,7 m

Jlewex CTOX, Xoupvixk MAPYINAK, Doeavmpayoa X3JIbOC-PbhIbUI[KA

TJIMHUCTBIE MUHEPAJIBI JIECCOB OB IIOJIbIIM

Pesrome

B ¢paxmun < 2 MkMm séccoB u3 FOB IMosiblin 0GHAPYKEHO MPHCYTCTBHE CMe-
INAHHBIX TAKETHHIX MMHEPAJIOB THIA CMEKTHT (OeHIesiuT) — MIUIHT, MILIATA,
a Taxxe HeGOJbIIOe KOJTMYECTBO KaoiuHUTa. ColaepKaHHe dTHX MHHEPATIOB H3Me-
HS€TCA ¢ IIyOMHOI Kak B GOyee MOJOABIX (M3 TOCTEHEro), Tak M Gojee APEeBHAX
Jéccax (M3 mpeabIayLIero oeeHeHus). B 6o.ee rry00KUuX rOpH3OHTaX NPUCYTCTBYET
6OJIbIIE CMEIIAHHO-NTAKETHBIX MuHepanoB, CMEKTUT/WIIAT M3 Goiee Ii1y6oBHX
FOPU30HTOB OGHAPYXHMBAET BBHICUIYIO CTEHNEHb YMOPAAOYCHHOCTH HeM B 6osee MO-
JIOJ(BIX TOPH3OHTAX. DTO CBUAETEILCTBYET O MPONECCAX PEKPHCTAIUIH3ALMM, KOTOPRIE
TIPOUCXOMIH B JIECCOBBIX paspesax. ComepxaHue CMEIIAHHO-MIAKETHOTO MUHEpaJla
(cMexTHT/MIUTAT) B 60J16€ MOJIO/IBIX COCTABIIACT 60—65%, Torma kak B 60Jiee APEBHHX
Jnéccax, a TaAKKE B MCKOMAGMBIX IOYBAX, YBEJIMYUBACTCA 10 65—80%. D10 pasnuuue
MOXET GBITH OTYACTH CBS3aHO C COAEPKAHHEM YIOMSHYTOIO MUHEPAJIA B NEPBHTHbIX
OTJIOXKEHUSX, U3 KOTOPBIX TIPOHCXOMHT JIECCOBBIH MaTepuas. ABTOPEI IOJIAraioT,
w0 AU depeHIHPOBAHHbIE KIMMATHICCKHE YCIOBHS OKA3aIH BIUSHHC Ha CKOPOCTR
NerpajialMi CTPYKTYPHl MJUTMTA B HATIPABJIEHHH CMEUIAHHO-TIAKETHOIO MuHepata
cMekTHT/muTUT. JpyruM GakTopoM GbLIO MPOTrPECCHPYIOLIEe C BPEMEHEM CTAPEHHE

cajka.
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OBBbACHEHUS K ®UT'YPAM

@ur. 1. Pasmenrenne néccoBbiX paspe3oB Ha Tepputopun FOB ITombiin, U3 KOTOPBIX OTOOpamE:

Our.

Dur.
Dwr.
Dur.
Dyr.

Dur.

2

M3yvyaemble 06pasiibl

1 — cOBCTBEHHO NECCHI MOLIHOCTH IPeBBIIAIOIeH 2—3 M, 2 — NbIeBATO-CYTIIMHKORLIC TIEPHINAUNATLEME 06~
padoBanus, MECTAMM € MANOMOIUHLIME YYacTKamMM 30710BOH NbLH, 3 — IPAHMUBI TOPHBIX obnacrel, 4 —
BaXKHEHIUME NTECCOBBIC pa3pesnl

CxeMaTHyecKue cTpaTurpaduyeckne mkaibl H30PaHHBIX JECCOBBIX PA3PE30B M3 TCPPHTOPHE
1oro-poctoyHoi IMomnbmm (mo X. Mapyuaky, 1980, 1980b)

1— TYMYCOBBIC TOPH3OHTLI MCPHO3EMHOIO THNa, 2— IOpyrue YeTKO OTMEYCHHbIC I'YMyCOBbIC rOpH'KOB’I’H,J—

c1a600603HAYCHHBIE [yMYCOBbIC TOPH3OHTBI, 4 — TOPH3OHTHI NEPeMbIBA: @ — XOpowo oGo3HaveHnme, b —
c 5 — Gosee MHTEHCHBHO OKpPALUCHHAS 4acTh TOPM30HTOB NOOYpEHHS, 3 TAKKE
WTIOBHALHBIX TOPH3OHTOB, 6 — CPEHAs MEHee MHTCHCHBHO OKDAIIEHHAsi 4acTh rOPM30HTOB noGypemms,

a TaKkKe MIUIIOBHANILHBIX T'OPH3OHTOB, 7 — HEKHSMA 4YacTh MJUTIOBMABHBIX TOPH3OHTOB C HEPETYIAPHEIME
OypoBaTLIMH M JKENTOBATLIMH NOJOCAMH, § — IEJIIOBHI 4YePHO3EMHBLIX TOPH3OHTOB, 9 — PYro¥ nemosmik
NOYBEHHBIX (NPEMMYILCCTBCHHO NEPErHOMHBIX) TOPH3OHTOB, /0 — NOYBEHHbLIC OTJIOKCHHA C NPHIHAKAME HAE-
1IMAJILHOr O TYMYCOBOI'O I'OPM3OHTA: @ — CuibHee, b — crnabee NposABJicHHbIMA, /] — NMOYBEHHBIE OTIIOMCHNS
C NPU3HAKAMM PA3BUTHMS Npolecca OKpammpanus B Oypeiit user, /2 — MuHEpasibHO-TOPdsAHLIE MH3LI B GoOnoT-
HO# nouse, 13 — octarku (?) rymycoBOro ropu3onTa ¢ G0JBIINM COJEPKAHHEM COCAMHEHHII Mapranua, 14 —
NATHHCTBIE CKOTUICHHA C TNOBBILICHHLIM COJICPKAHMEM NEPErHOA MM KEeJe3UCTO-MAPIaHUECBLIX COENMBCHME,
15 — npussaku orneenus, 16 — xapbomaTHblt nécc, 17 — NeCYaHMCTHLA JIECC M JIECC C NPOCTOWKAME MENKO-
3EPHUCTBIX, & TAKKE NbIJICBATLIX NeckoB, /§ — GeckapboHaTHbie (00e330JICHHBIC) JIECCHI: @ — THOMYHSE ,
b — necyanucTbIe

bykBennble MHACKCHI CTPATHIPAGHUECKUX NOAPA3AENICHNMIT IECCOBOro mokposa: L — nécc, M — Goee Momo-
ao# néce, S — Gonee apeuuit nécc, N — naubosiee npeBuuit nécc, g — BepXHMi, s — cpemumii, d — memamdk,
n — CaMblii HUKHUI

BykBeHHbIC CAMBOJIBI NOMBCHHBIX €AMHHI: G — TOYBA C XOPOLUO PAIBUTBIMH TECHETHUECKHMM TOPHIOMTAMM ,
H — coppemennan (ronouenosas) nousa, / — MCKONaeMas MeXCTaNHATbHAA NOMBA, Sg — NOYBEHHbLIE OTHOME~
HUA, dg — TOYBCHHDBI AeMOBNH, (g) — Ceabl Pa3BUTHA MOYBOOGPAIOBATETLHBIX NpOLECCOB

JlmarpaMma MHHEPaJbHOIO COCTABA M IPAaHYJIOMETPHYCECKasi KpHBas Jiécca 13 Boryxsamss
AundpakTorpammel 06pasuoB < 2 MkM M3 paspesa Henemss (Momomoi nécc)
Tepmorpammbl 06pa3uoB < 2 MKM M3 paspe3a Henemss (Mononoii nécc)

HAudpakTorpammer  06pasioB dpakumn < 0,2 MKM M3 paspesos: a — Henemoe (bomee:
ApesHuit siéce), riy6. 9,95—10,65 M, b — Opownys I, rny6. 8,0—9,7 M

Tepmorpammer 06pasios ppakimu < 0,2 MKM M3 pa3pe3os: a — Henends (6onee apesumnik
nécc), ray6. 8,0—9,7 m



