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INTRODUCTION

The origin and the chemical properties of rusty soils have been studied by
many authors. Special attention has been paid to the characteristic of soil-for-
ming processes in rusty soils developed from sands of different origin [Bedna-
rek 1988, 1991; Czepinska-Kamiriska 1986; Konecka-Betley 1968, 1976;
Kuznicki et al. 1978, 1979; Prusinkiewicz, Bednarek 1985], and from sandsto-
nes [Sktodowski, Maciejewska 1986; Szafranek 1990]. Some authors were
interested in the influence of periglacial transformations on the morphology of
rusty soils [Kowalkowski 1976; Kowalkowski et al. 1981].

The most recent papers deal with rusty soils from the area of the youngest
glaciation [Bednarek 1988, 1991]. This work presents rusty soils from the
region of Central Polish glaciation and is a part of the problems presented by
the above-mentioned authors.

A distinguishing feature for rusty soils is the occurrence of the diagnostic
sideric horizon [Systematics... 1989], where immobile complexes of humus and
sesquioxides develop in the form of coats on mineral grains. The purpose of
this paper is to specify the chemical composition of rusty coats occurring on
quartz grains in the sideric horizon. This should be done with of the use of the
microchemical X-ray analysis (WDXRA-Wave-length Dispersive X-ray ana-
lysis).

Attempts were also undertaken to define both the qualitative and quantita-
tive criteria of determining the sideric horizon with use of microchemical X-ray
analysis.
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MATERIAL AND METHODS

The soils analyzed in this work were developed from sands of different
geological origin:

1) proper rusty soil developed from fluvioglacial sands, in the area of the
Gtuchdéw forest (Rogow Chief Forestry);

2) podzolized-rusty soil developed from eolic sands, in the area of Kampi-
nos National Park (further in the text referred to as KNP).

Rusty coats found on quartz grains from the Bv sideric horizon were subject
to microchemical X-ray analysis.

The grains studied were all of the same colour: 10YR 6/4 according to the
Munsell Charts (cited for Systematics...1 989). Soil samples were prepared in
distilled water. The material was sieved using a 0.75 mm and a 0.49 mm
screens. Only 200 grains of diameter 0.75-1.00 mm were chosen for the
subsequent analyses. Out of this number, 16 grains were selected under
magnifying glass that were all of the mean colour intensity. Two grains were
chosen to study at a magnification of x300 and x 3000. The chosen grains were
sunk in resin and ground on one side to obtain the polished surfaces. The
microchemical X-ray analysis was done in two points along a transection edge
on quartz grains from KNP and in one point - in the case of quartz grain of the
soil from Gluchoéw. A scanning electron microscope of the type JSM-35
produced by JEOL was used. The microscope was combined with WDXRA
equipment (accelerating voltage equal to 25 kV)*.

In the rusty soils studied also other characteristics were determined: particle
size composition, pH, content of iron and microelements in 20% HCL1; organic
carbon, total nitrogen as well as iron (Fep), aluminium (Alp) and carbon (Cp)
in 0.1 M sodium pyrophosphate extract.

The C/N ratio, molar ratios Cp/Fep+Alp and amounts of Cp+Fep-fAlp [%]
were calculated.

RESULTS

The particle size composition of rusty soil from Gtuchdw is characteristic
for a heavy loamy sand turning at the Bv horizon into a weakly loamy sand.
The granulometric composition of the podzolized-rusty soil from KNP is
typical for a loose sand (Table 1).

The soils investigated are strongly acid: their pH oscillating between 3.7
and 4.7. The pH is higher in the sideric horizon (Table 2).

The content of organic carbon decreases with depth of the profile: from
1.73-1.39% in the humus horizon to 0.81-0.12% in the Bv horizons. Similarly
decreases the amount of Corg in the sideric horizons. The ratio C/N ranges
between 15 and 26.

* SEM Photographs and microchemical analyses were carried out by Barbara Kazimierska MSc,
State Geological Institute in Warsaw.
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An analysis in 20% HC1 was carried out for podzolized-rusty soil from KNP.
Highest amounts of particular components were found in ectohumus. The
content of monovalent and divalent cations in ectohumus can be ordered as
follows: Ca>K>Mg>Na, and in mineral horizons mostly: K>Na>Ca>Mg. The
amount of iron soluble in 20% HCL1 is higher in the sideric horizon as compared
with the humus-eluvial horizon and the parent rock. Also, slight amounts of
chromium occur within the whole profile. The highest amount of manganese
was found at the horizon of ectohumus. And in the mineral horizons, the sideric
horizon and the parent rock, manganese content was two to three times higher
as compared with the AEes horizon.

Iron, aluminium and carbon, as determined with use of a pyrophosphate
extract, occur in slight amounts (Table 3). The amount of Fep ranges from 0.01
to 0.1 9%, whereas that of Alp from 0.02 to 0.16%. The proportion between Fep
and Fe soluble in 20% HC1 varies from 20% in Bv to 26% in AEes.

In the podzolized-rusty soils from KNP, highest amounts of iron and
aluminium as extracted with use of 0.1 M sodium pyrophosphate occur in the
sideric horizon (Bv); the amount decreases with depth of the horizon.

In the proper rusty soil, highest content of Fep and Alp occurs in the humus
horizon and decreases with the depth of the profile. In both soil types, more
Alp than Fep occur in the sideric horizon. Opposite is the proportion in the
humus horizon of the proper rusty soil: the amount of Fep exceeds that of Alp.
And inthe humus-eluvial horizon of the podzolized rusty soil, both components
occur in similar amount.

The amount of carbon in sodium pyrophosphate extract was 0.85% in the
mineral-humus horizons which makes from 50 to 60% of total amount of
carbon. The amount of Cp in the sideric horizon varies from 0.08 to 0.28% that
is 18—67% of total carbon content. The amount of Cp in the Bv horizon
decreases with the depth.

Molar ratios (Cp/Fep+Alp) in the sideric horizon varies from 3.6 to 6.9, with
an exception of the humus-eluvial horizon of the soil from KNP, where the
molar ratios exceeds 25.

The sum of components as determined with use of 0.1 M sodium pyro-
phosphate is higher in horizons A and AEes comparing with the sideric horizon.
In the latter, the value of Cp+Alp+Fep index was below 0.5.

The quartz grains from the sideric horizons belong to the intermediate grain
type according to the morphoscope method of Cailleux (cited after Gozdzik
1992). The degree of rounding as determined according to the Krumbein scale
was 0.4 for grains from the Gtuchdéw soil, and 0.5 for those from the KNP soil.
The surface of grains from the Gtuchéw soil is strongly destroyed, with deep
cracks and gaps, also with locally occurring V-shaped incisions (Photos 1-3).
The surface of quartz grains from KNP is strongly encrusted and exfoliated,;
frequent scales are visible in depressions (Photos 4-9).

The roentgenograms presented in this work (Fig. 1,2) show certain places
on the grain surface where there occurred a coating that resulted in rusty colour.
Diagrams showing the presence of many elements in the weathered parts of the
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Fig. 1. X-ray microchemical analysis of the coats of quartz grain from Bv horizon of podzolized rusty soil from KNP wave-length in nm

. . . . . . . wave-length in nm
Fig. 2. X-ray microchemical analysis of the coats of quartz grain from Bv horizon of proper rusty soil from Giuchéw
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TABLE 1. Particle size composition in humus and sideric horizons in rusty soils

Depth
[em]

5-15
20-30
55-65
90-100

4-10

10-55
55-100
100-175

Soil type

podzolized
rusty soil

proper
rusty soil

Per cent of particle size of mm in diameter

>1

0.1
0.0
0.1

trace

2.6
17
8.7

20.8

1-0.5

0.7
0.5
1.0
0.7

14.3
12.2
30.7

9.3

0.5-0.25

75.3
64.0
51.0
75.3

37.1
41.9
49.4
57.9

0.25-0.1

16.0
28.0
43.0
22.0

12.6
6.9
9.9

23.8

1-0.1

92
92
95
98

64
61
90
91

0.1-0.02

oON W W

18
19

TABLE 2. Some physico-chemical properties in humus and sideric horizons in rusty soils

Depth
[cm]

0-5

5-15
20-30
5565
90-1.00

0-4

4-10
10-55
55-100

Soil
type

podzolized
rusty soil

proper
rusty soil

pH
H20

3.9
3.6
4.2
4.3
4.5

4.1
3.7
4.0
4.0

KC1

3.7
3.1
4.2
4.2
4.4

3.6
3.2
3.8
3.7

Content of elements soluble in 20% HC1

Ca Mg K

[mg/100 g of soil]

130.0 20.3 52.0
2.4 0.5 10.4
24 0.7 9.6
24 41 11.2
2.4 0.4 9.2

n.d. n.d. n.d.

as above

as above

as above

Na

13.2
2.8
2.6
2.4
3.0

n.d.

Fe

328
146
212
180

114.

n.d.

Mn

Cr

[ppm]

50.0

5.8
14.2
15.8
22.2

n.d.

<12
<12
<12
<12

n.d.

as above
as above
as above

<0.02

N w o1 g

[%}

23.04
1.39
0.81
0.70

n.o.

28.3
1.73
0.58

n.d.

0.86
0.09
0.04
0.03
n.o.

1.34
0.1
n.d.
n.d.

26.8
15.4
20.2
23.3
n.o.

21.1
17.3
n.d.
n.d.

eysmouer 3
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TABLE 3. The content of C, Fe and A) in 0.1 M Na-pyrophosphate extract

Section Hori- Depth Soil type Na- pyrophosphate ex.*[%] Molar ratio Cp + Alp + Fep
Profile zon lem| Cp* * Fep* * Alp** Fe;ipAlp [%}
33/8 AEes 5-15 0.5 0.04 0.04 30.0 0.94
KNP Bv 20-30 podzol ized 0.28 0.05 0.09 5.4 0.42
Bv 55-65 rusty soil 0.11 0.03 0.06 4.2 0.20
201/32 A 4-10 0.84 0.19 0.16 7.34 1.19
Gtluchéw Bv 10-55 proper 0.24 0.09 0.11 3.6 0.44
Bv 55-100 rusty soil 0.08 0.01 0.02 6.9 0.11

ex.* - extract: ** - the elements denoted with the symbol “p,?(Fep, Alp. Cp).

grains were obtained for po- TABLE 4. Chemical composition of coats on sand grains
ints situated in a coat crack  gement crystal

close to the surface of quartz RAP* PET* LIF*

grains. In some other investi- f'“”" +KNP f'“c"' +KNP f*“Ch' +KNP
gated grains no coating was + s . N . N
observed, e.g. for a quartz si + 4 +

grain from KNP (Photo 7) the ™ .. * * * *
roentgenogram showed ex- ¢, + +

clusively the radiation type S + *

characteristic for silicon. o . T

It results from the roentge- +
nograms presented that both  *LIF, PET. RAP - monochromatic crystals; Gtuch.-Gtuchéw
types of soil have grains of
similar qualitative composi-
tion of coating. The presence of following elements was stated: Fe, Cr, Si, Ba,
S, K and Al. For the above-mentioned elements, characteristic X-ray spectra
were obtained with use of particular monochromatic crystals: LIF, PET, RAP
(Table 4).

DISCUSSION

The chemical properties of the rusty soils studied in this work are typical
for this soil type [Bednarek 1991; Czepinska-Kaminska 1986; Kuznicki et al.
1978, 1979; Mokma 1983]. The indices counted for the investigated sideric
horizon, molar ratios Cp/Fep+Alp and sum Cp+Fep+Alp [%] support the
standard criteria for distinction of the rusty soils as proposed by different
authors [Mokma 1983; Bednarek 1991].

The chemical analyses presented in this paper show the importance of
aluminium (Alp) soluble in 0.1 M sodium pyrophosphate in the process of soil
transformation; less important was the role of iron (Fep).

The amount of Cr is within the geochemical background [Czarnowska,
Gworek 1990; Sktodowski, Maciejewska 1986] whereas manganese may be



Photo 1. Mat. rounded quartz grain from Giuchéw; magn. x:>4

Photo 2. Fragment of grain as links with dep cracks; magn. x26(J
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Photo 3. Fragment of grain as above, many irregular incisions of various size - some are
V-shaped: magn. x 2600

Photo 4. Irregular shaped quartz grain from KNP; magn. x48
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Photo 5. Fragment of grain as in Photo 4 with exfoliated surface; magn. x260

Photo 6. Fragment of grain as links; magn. x2600
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Photo 7. Irregular shaped quartz grain from bLNP; magn. x54

Photo S. The cavities in grain as links; magn. x300
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Photo Q Exfoliated fragment of
grain as earlier; magn. x3600

moved to the sideric horizon [Sktodowski, Maciejewska 1986] and - to the
parent material.

The microchemical X-ray analysis has extended our understanding of
chemical composition of compounds occurring in coats of quartz grains from
the sideric horizon of rusty soils. The two kinds of roentgenograms obtained
in the course of this study support the opinion of other authors [Bednarek 1991 ;
Brogowski, Koconn 1984] that rusty coats are discontinuous. Though, the
observations carried out under magnifying glass, would suggest an even
distribution of the colour coating. It is mostly silica coats that occur on the
surface of quartz grains. They appear as a result of rendering amorphous of
quartz surface [Mycielska-Dowgialo, Krzywobtocka-Laurow 1974; Walker
1979]. The crusts and scales existing on grain surface are visible on SEM
(Photos 5-9). Compounds of iron and other elements [McKeague, Wang 1980],
the occurrence of which is confirmed by the X-ray spectrum, can be incorpo-
rated to such a structured grain surface. The frequent peaks of iron and
chromium allow one to conclude that rusty coating is built mainly by iron
oxides that can also contain occluded chromium compounds. Also, complex
organic-iron compounds occur in small amounts in the coats. The presence of
organic matter is confirmed by the S peak and chemical analysis. The peak of
aluminium is less distinct. It could suggested, therefore, that aluminium-iron-
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organic compounds and aluminium-organic compounds occur in small amo-
unts on surface of the investigated grains. The results in Na-pyrophosphate
extract show however that aluminium plays a more important role in soil
transformation. The aluminium peak, together with the peaks of calcium and
potassium, may confirm the existence of some amount of clay minerals.

The occurrence of barium may either be a result of mineral weathering or
be a side-effect, similarly as in the case of chlorine [McKeague, Wang 1980;
Licznaretal. 1988].

CONCLUSIONS

The chemical composition of rusty coats on quartz grains in soils developed
from eolian sands and fluvioglacial sands is similar. The following elements
were found in the coats: Fe, Cr, Si, Al, Ca, K and S.

The material studied does not allow to state whether or not the rusty coats
consist of different chemical compounds depending on the orgin of the parent
rock. It can be assumed however that the similar chemical composition is result
of similar nature of the soil-forming processes as occurring in sands of different
origin.
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WSTEPNE BADANIA POZIOMOW SIDERIC GLEB RDZAWYCH
Z ZASTOSOWANIEM M1KROCHEMICZNEJ ANALIZY RENTGENOWSKIE]

Katedra Gleboznawstwa SGGW w Warszawie

STRESZCZENIE

Praca przedstawia badania nad okresleniem sktadu chemicznego rdzawych otoczek na ziarnach
kwarcu z poziomoéw sideric gleb rdzawych przy zastosowaniu mikrochemicznej analizy rentgeno-
wskiej. Przedmiotem badan sg gleby rdzawe z terenu zlodowacenia srodkowopolskiego wytworzone
Z piasku wydmowego (na terenie Kampinoskiego Parku Narodowego) oraz z piasku wodnolodow-
cowego z uroczyska Gtuchéw w Nadl. Rogéw. Sktad chemiczny nalotéw rdzawych przedstawiono
na tle wybranych wtasciwosci chemicznych gleb. Oméwiono réwniez ksztattowanie sie wskaznikow
oceny gleb rdzawych proponowanych przez réznych auloréw i obliczonych na podstawie analizy
zawartosci zelaza,glinu iwegla oznaczonych w 0,1 M pirofosforaniesodu. Sktad chemiczny nalotéw
rdzawych na ziarnach mineralnych pochodzgcych z obu badanych gleb jest podobny. W nalotach
stwierdzono wystepowanie Fe, Cr, Si, Al, Ca, S, K. Przedstawiony materiat badawczy nie pozwala
stwierdzi¢ zr6znicowania sktadu chemicznego nalotéw rdzawych w zaleznosci od pochodzenia skaty
macierzystej. Mozna przypuszczaé, ze wynika on z podobnego przebiegu procesu glebotwérczego
w piaskach réznego pochodzenia.
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Department of Soil Science, Warsaw Agricultural University-SGGW
02-528 Warszawa, Rakowiecka 26/30, Poland






