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RUBIFICATION OF TERRAE ROSSAE IN SLOVAKIA: 
A MOSSBAUER EFFECT STUDY 
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Abstract-Mineralogical and '7Fe Mossbauer spectroscopic analyses were made on seven terrae rossae 
and two terrae fuscae samples of Pliocene to Early Pleistocene age from Slovakia and limestone residues 
from their parent materials. In most of the samples, no mineral weathering or clay mineral formation could 
be detected by optical or X-ray powder diffraction investigation, compared with their parent limestone 
residues; only one terra rossa showed a strong weathering of primary feldspar and phyllosilicates and a 
high rate of clay formation, especially kaolinite. Mossbauer measurements between 5° and 3000 K showed 
that hematite and goethite are the dominant color pigments in the rubified terrae rossae and their corre
sponding limestone residues. The mean particle size of hematite and goethite was estimated from Moss
bauer effects and X-ray powder diffraction data to be 95 and 250 A, respectively. Reduced values of the 
hyperfine fields at 5°K of the soil iron oxides, as compared with those of the pure oxides, indicate a partial 
substitution of Fe(III) by AI. The hematite content correlates with the Munsell color notation of 5 of the 7 
terrae rossae samples and their corresponding limestone residues. All terrae rossae samples showed higher 
hematite contents than their corresponding limestone residues, indicating that the rubification of such ma
terials is independent of the degree of weathering. 
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INTRODUCTION 

Red clayey soils on limestone (terrae rossae) are often 
interpreted as products of intense mineral weathering 
and clay formation in subtropical and tropical climates. 
The red color of such soils is the result of rubification, 
a process defined by Kubiena (1970, pp. 109,240) as the 
" ... peptization of amorphous iron hydroxide and the 
formation of tiny crystals of goethite and hematite ... 
freely suspended in the dense groundmass of a 
braunlehm1 and (which) give it a bright red color." Ru
bification is therefore described micromorphologically; 
it is not the same as laterization which also produces 
reddening of the soil (Kubiena, 1970). The formation of 
hematite in soils of this type is generally believed to 
take place only in warm climates with seasonal altera
tion of precipitation and drought because high temper
atures and dry conditions favor the development of this 
mineral. Fossil or relict terrae rossae in central Europe 
are therefore often considered as evidence of a corre
sponding paleoclimate (see references in Bronger, 
1976b). On the other hand, many authors have consid
ered terrae rossae as insoluble residues of limestones 
which contain material from pre-existing rubified soils. 

1 An intensely weathered alfisol with a dense, clayey fabric 
containing a few skeleton grains, almost completely quartz, 
and very few voids (Kubiena, 1970). 

In this so-called "residual" theory, the significance of 
climate in the formation of terrae rossae is less impor
tant. Such soils are therefore lithomorphic soils, i.e., 
their genesis is greatly dependent on the parent mate
rial. 

These contradictory hypotheses (cf. Cirie and Al
exandrovie, 1959; Bronger, 1976b) are due to insuffi
cient knowledge of soil deVelopment processes, espe
cially of the type and degree of mineral weathering and 
clay formation that takes place during rubification. In 
addition, the effect of the initial rock or parent material 
has not been considered sufficiently; generally, only bulk 
analyses have been made, and mineralogical balances 
have only rarely been made. The association and amount 
of iron oxides and oxyhydroxides, especially hematite 
and goethite, have not been evaluated in terms of the 
rubification process. 

In the present study iron oxides and oxyhydroxides 
in terrae rossae and terrae fuscae (brown clayey soils 
on limestones) and residues from their parent lime
stones from Slovakia have been investigated by 57Fe 
Mossbauer spectroscopy with regard to their relation 
to rubification. More conventional means of character
izing iron minerals generally have yielded less satisfac
tory results; e.g., using transmission and scanning elec
tron microscopy, Bresson (1974) identified only goethite 
among the iron oxides he thought were responsible for 
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the red color in rubified •. Holocene soils" (Munsell col
or 5 YR 5/4-5/8), "red fossil soils" (2.5 YR 5/8) from 
France, and "red Mediterranean soils" (2.5 YR 3/5-10 
R 3/5). A few selected samples were also studied by 
X-ray powder diffraction and evaluated by using the 
subtraction method developed by Schulze (1981). Min
eralogical balances (see Bronger et al., 1976) were also 
made to clarify the relationship between rubification and 
the intensity of mineral weathering. 

EXPERIMENTAL 

Sample preparation and mineralogical analysis 

Nineteen samples of terrae rossae and terrae fuscae 
and their parent limestones from Slovakia were ex
amined. The Slovakian samples were selected for study 
because of the very young age of the parent material 
(travertines) or the well-established ages of the terrae 
rossae themselves (Pliocene-Pleistocene) (Smolfkova 
and Lozek, 1962). In other parts of central Europe the 
limestone parents of terrae rossae are mostly of Juras
sic or Devonian age, and the age of the terrae rossae 
developed on them is generally unknown. The terrae 
rossae deposits listed in Table I were described in detail 
by Smolikova (1963). Optical investigations of the >63-
p,m, 2~-p,m, and 6-2-p,m size fractions and X-ray 
powder diffraction studies were carried out on seven 
terrae rossae and their corresponding limestone resi
dues (LR). The limestone residues were obtained by 
treating the parent rocks with 0.1 N HCI at pH 4-5. The 
carbonate content of the limestones and travertines is 
very high (93-99170); only one travertine has a lower car
bonate content (84.2%). 

Because of the high carbonate content of the parent 
materials a micromorphological description of the rubi
fication process was practically impossible; hence, 
Munsell colors of the different size fractions of the LR 
and the soils were determined. Those of the <0.2-p,m 
fractions are given in Table I. 

Preparation of AI-substituted goethite 

As a means of estimating the Al content of goethites 
in the terrae rossae, goethite samples with Al contents 
between 5.2 and 31.6 mole percent were prepared ac
cording to the method described by Thiel (1963). The 
Al content of the products was determined by chemical 
analysis. 

Mossbauer effect measurements 

Mossbauer spectra of the <0.2-p,m fractions of the 
soils and limestone residues were obtained using a 25 
mCi 57Co(Rh) source and a constant acceleration Moss
bauer spectrometer. Approximately 150 mg of sample 
(0.05 to 0.1 mg 57Fe!cm2

) was placed in a Plexiglas hold
er. Spectra were obtained as a function of temperature 
between SOK and ambient temperature in a liquid heli
um cryostat. The Mossbauer parameters were obtained 

from least squares fits to the data points using Lorent
zian line shapes. The isomer shifts are reported with 
respect to metallic~ iron. The Mossbauer spectra dis
played in the illustration show the data points with error 
bars and theoretical convolution curves of the spectral 
components. Stick diagrams indicate the identification 
of the different spectral components. 

X-ray powder diffraction analyses 

X-ray powder diffractograms of several samples were 
obtained using CuKa radiation and a Philips PW 1050/ 
70 vertical goniometer equipped with a diffracted beam 
graphite monochromater. Following the procedure of 
Schulze (1981), the samples were treated with a mixture 
of dithionate, citrate, and bicarbonate (DCB) (Mehra 
and Jackson, 1960) to remove preferentially the iron ox
ides. Treated and untreated samples were step-scanned 
from 32° to 40°28 at 0.02°28 increments (counting time 
= 100 sec/increment). The diffractograms of the DCB
treated samples were least squares fitted with a series 
of Gaussian lines. To fit the diffraction diagrams of the 
corresponding untreated samples, positions, widths, and 
relative areas of the lines of the silicate minerals were 
held constant and only the line profile parameters of the 
iron oxides and the overall area of the silicate lines were 
allowed to vary. The latter parameter accounts for the 
different mass absorption properties of the treated and 
untreated samples. The lines of the soil iron oxides are 
obtained by subtracting the Gaussian lines of the sili
cate constituents in the diagram of the untreated sam
ple. 

MINERALOGICAL ANALYSIS 

Bronger and Smolfkova (1981) found no mineral 
weathering or clay mineral formation in terrae rossae 
from Drevenik, Ivanovce, or the three exposures near 
Levice. These soils therefore are lithomorphic in the 
sense of the "residual" theory described above. The 
clay content of the terra rossa from Ratnovce is high 
(87%), however, the residue from the underlying trav
ertine itself consists of 75% clay. The weathering of 
feldspars and the considerable amount of phyllosili
cates resulted in the formation of illite and kaolinite. 
However, the amount of clay formed in the terra rossa 
from Ratnovce is low in comparison with that of the 
much younger interglacial loess soils in the neighboring 
Carpathian Basin (cf. Bronger, 1976a; Bronger et al., 
1976). The largest part of the clay minerals in this 
terra rossa must also be regarded as inherited. 

On the other hand, the amount of primary minerals 
>2 p,m in the LR from Kolfiiany Malok is very high 
(78%), and the clay content of the terra rossa is about 
twice that of the LR (47% vs. 22%). Although the total 
amount of clay formed is even less than that of a rubified 
Earthy Braunlehm2 of middle Pleistocene age described 

2 Intensely weathered alfisol with very little clay illuviation. 
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Figure I. Mossbauer spectra (SOK) of (a) a terra rossa (Q), 
and its noncaIcareous limestone residues from (b) weathered 
travertine (R) and (c) fresh bottom travertine (R") of Pliocene 
age in the upper part ("Vo viniciach") of the exposure "Zlaty 
onyx" near Levice. 

by Bronger et al. (1976), the weathering of most of the 
feldspar and phyllosilicates resulted in the formation of 
illite and, to a greater extent, kaolinite, contrary to the 
rubified Earth Braunlehms of middle and early Pleis
tocene age developed from loess, and in which almost 
no kaolinites were formed (Bronger, 1976a, 170-173, 
Figure 7B). 

MOSSBAUER ANALYSIS 

Description of Mossbauer spectra 

Mossbauer data for the LR and soil samples are listed 
in Table I. The main feature of the room temperature 
spectra for most of the soil samples is a quadrupole 
doublet typical of paramagnetic Fe(I1I). Some of the 
spectra also show evidence of magnetic splitting. The 
Mossbauer parameters of a second low intensity doub
let (sample G, H) are characteristic of paramagnetic 
Fe(II) (8 = 0.90 mmlsec, ~EQ = 2.92 mm/sec at 296°K). 
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Figure 2. Variation of the magnetic hyperfine field (at SDK) 
with Al substitution for synthetic a-AlxFe,-xOOH. 

Representative 5°K spectra of terrae rossae samples 
are shown in Figure I. These spectra are dominated by 
well-resolved magnetic hyperfine sextets. In all 5°K 
spectra of terrae rossae sample pairs, two, six-line pat
terns were detected, whereas only one magnetic sextet 
was observed in the spectra of the two terrae fuscae 
sample pairs. The paramagnetic Fe(III) quadrupole 
doublet persists in the low-temperature spectra, al
though less pronounced in some samples than in others 
(see Figure I). This changeover from a doublet to a six
line pattern as the main component ofthe spectrum upon 
cooling is expected for very small antiferromagnetic or 
ferromagnetic particles (",;200 A) which exhibit super
paramagnetism (Kiindig et aI., 1966). 

Identification and quantitative analysis of 
the soil iron oxides 

In principle, different iron oxides can be identified 
from their characteristic internal magnetic fields Heff and 
quadrupole splittings E (Greenwood and Gibb, 1971, p. 
241). For soil iron oxides the analysis is complicated 
because both parameters depend on the particle size 
and the partial substitution of Fe(III) by nonmagnetic 
elements, commonly Al (Norrish and Taylor, 1961; Ja
not and Gibert, 1970). However, as will be shown below, 
the effect of particle size on the hyperfine field can be 
neglected at sufficiently low temperatures. 

The Mossbauer spectra at SOK of the soil samples in
dicate that hematite and/or goethite are present. The 
hyperfine fields of the oxides are reduced compared with 
those of pure goethite and hematite of 504 kG (Forsyth 
et at., 1968) and 544 kG (Van der Woude, 1966), re
spectively; the values range from 486 to 497 kG for the 
soil goethites and from 522 to 532 kG for the soil he
matites (Table I). This reduction of the magnetic fields 
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of the soil iron oxides is most probably due to partial 
substitution of Fe(lII) by AI (Golden et al .. 1978; Fleisch 
et al .. 1980) causing a partial disruption of the magnetic 
coupling of Fe(III). To estimate the AI content, the de
crease of Herr as a function of substituted AI was cali
brated with synthetic aluminous goethites (Figure 2). 
On this basis the AI concentrations of the goethite in 
the terrae rossae and terrae fusca e sample pairs range 
from 14 to 25 mole % and from 28 to - 32 mole %, re
spectively (Table I). A corresponding calibration for 
aluminous hematite was communicated to the authors 
by L. H . Bowen (Department of Chemistry, University 
of North Carolina, Raleigh, North Carolina) that indi
cates an AI concentration of - 7 to 10 mole % in the 
hematite of our soil samples. These values agree with 
results obtained by Norrish and Taylor (1961) and 
Golden et al. (1979) for soil goethite, and by Schwert
mann et al. (1979) for aluminous hematite synthetized 
under near pedogenic conditions. 

The quadrupole interaction term € for pure hematite 
changes sign and magnitude at the Morin temperature 
of 2600K (Van del' Woude , 1966). The transition cannot 
be observed for hematite in the soil samples, in agree
ment with Bowen's results that synthetic hematite sub
stituted by more than 7 mole % AI does not undergo the 
Morin transition. The same effect was found by Van der 
Kraan (1972) for small hematite particles (~120 A in 
diameter). In all of the 5°K spectra a central quadrupole 
doublet was detected with different peak areas (see Ta
ble I). This doublet probably derives from Fe(III) in 
clay silicates. The additional doublet (8 = 1.12 mm/sec, 
~EQ = 3.25 mm/sec at SOK) in two samples must be due 
to Fe(lI) in the same structure. 

On the basis of the peak areas of the different spectral 
components in the Mossbauer spectra at 5°K (Table I), 
the relative amounts of hematite and goethite were es
timated using the relative Mossbauer constants deter
mined at 296°K by Meisel and Kreysa (1973). This anal
ysis neglects the influence of AI concentration, particle 
size , and temperature on the proportionality constants; 
thus, the relative amounts of goethite are probably 
overestimated. To calculate the absolute hematite and 
goethite concentrations in the samples the total oxidic 
Fe (Fed) was determined (Table I) . 

Mean particle size 

As noted above, particle size and AI substitution af
fect the magnetic hyperfine fields of the iron oxides. A 
separation of these interrelated influences (Thiel, 1963) 
is possible on the basis of the following considerations: 
The internal magnetic field of a magnetically ordered 
compound is proportional to the magnetization which 
decreases with increasing temperature according to its 
magnetization curve. For very small particles the col
lective excitation of the magnetization vector of the 
particle leads to a further reduction of the magnetiza-

tion at any temperature (M~rup and Tops~e , 1976). This 
reduction is given for uniaxial crystals by 

M(T) = M,H)(cos 0)'1" (I) 

where Mo(T) is the magnetization of a large particle at 
temperature T and (cos 0)'1' is the thermal average of 
the projection on the easy axis of the crystal. In the 
low temperature approximation (cos 0)'1' decreases 
linearly with T , as follows: 

(cos ()T = 1 - kT/2KV . (2) 

The slope is proportional to the inverse of the aniso
tropy energy K V of the particle of volume V. The cor
responding equation for the internal magnetic field be
comes 

H(T) = HoT(1 - kT/2KV). (3) 

The measured value of H represents an average of 
distributions of three crystal properties: (I) the internal 
field Ho(T) which is determined by the AI substitution; 
(2) the anisotropy constant K which depends on various 
factors such as the size and shape of the crystals and 
probably the AI substitution; (3) the volume of the crys
tals . As a first approximation the dependence between 
the various distributions is neglected and the averages 
H", IIK a", and IIV av are taken . The volume distribu
tion of the particles is assumed to be most impor
tant. A logarithmic Gaussian function 

F(V) = exp[ -In(V IVo)2fb2] (4) 

is assumed to be the best means of describing the nat
ural size distribution of the oxide particles (Vo = mean 
particle volume; b = shape parameter of the volume 
distribution). For this function IIVav = (IIVo)exp(b2/4), 
which is approximately equal to IIVn for reasonable val
ues ofb (b ~ I). Inserting the average values the equa
tion 

H(T) = Ho(T)[1 - (KT/2)( I/K"J( llYn)] (5) 

depends on two parameters: Hn(T), the average internal 
field of the bulk material and ( 1 IK)av Vn- l , the reciprocal 
of the anisotropy energy. 

Without assumptions on the temperature depen
dence of Hn(T) the effect of the AI content and the par
ticle size of the oxides on the internal field cannot be 
separated . The dependence of the reduced values Ho(T)1 
Ho(T = 0) vs . the reduced temperature TIT 1\ is supposed 
to be independent of the AI concentration. The Neel 
temperature T K is also an average value. 

In a terra fusca sample the analysis for goethite at 
7°K and 400K proceeds as follows: The pure compound 
exhibits a reduced field value of - 1.0 at the reduced 
temperature TIT K of -0.2 forT = 78°K and TN = 4000K 
(Forsyth et al., 1968). From the temperature dependent 
Mossbauer spectra of the soil sample, the Neel tem
perature is "" 2000K . Consequently, TIT~ is < 0.2, and 
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Figure 3. X-ray powder diffraction patterns of (a) untreated, 
(b) DeB-treated soil sample Q, and (c) X-ray diffractogram 
obtained from diagram (a) after subtraction of the reflections 
of the silicate minerals (solid line represents the theoretical 
convolution curve of the components; G = goethite and H = 
hematite). 

Ho(40 K)/Ho(O) can be taken to be 1.0. Inserting the 
measured values of H(7°K) = 492 kG and H(400K) = 
486 kG in Eq. (5), Ho(O) = 492 kG and Vo( lIK)av -1 = 2.8 
X 10-13 erg. A mean diameter of the particles of - 260 
A can be calculated using for (I/K)av -1 the value of the 
anisotropy constant of 1.5 x 104 erg/cm3 given by Shin
jo (1966). This particle size can be taken as typical for 
the goethite microcrystals in all the soil samples on the 
basis of the similar temperature dependent Mossbauer 
spectra. 

The collective excitation effect can be neglected 
at 4.2°K. The correction in this example is Y:z x 
kT(lIK)av(\IV)av "" 2 x 10-3 which would lead to an 
overestimation of the Al substitution in goethite of 2 
mole%. 

For a soil sample rich in hematite a mean diameter of 
the hematite microcrystals was determined to be -95 
A (using the values K = 0.6 X 106 erg/cm3 determined 
by M~rup and Tops~e (1976) for 120-A a-Fe20 3 parti
cles). 

X-RAY POWDER DIFFRACTION 
ANALYSIS 

Typical X-ray powder diffractograms of a soil sample 
are shown in Figure 3. The presence of hematite andl 
or goethite in the untreated sample (Figure 3a) are in
dicated by a peak at -2.70 A (goethite d(130) and he-

matite d(l04) spacing). After subtraction of the peaks 
of the silicate constituents (Figure 3b) in the sample both 
soil oxides could be distinguished by the III peak of 
goethite at -2.45 A and the 110 peak of hematite at 
-2.51 A. 

The dimensions of the iron oxide crystallites were es
timated from the broadening of the 110 reflection of he
matite and the 111 and 130 reflections of goethite, using 
Scherrer's formula (Klug and Alexander, 1954, 491-
538). The measured widths at half height of the peaks 
were corrected for instrumental line broadening. For 
hematite in terra rossa sample 0 the dimension 0(110), 
defined as the effective thickness of the crystallite in a 
direction perpendicular to the (\10) reflecting planes, 
amounts to - 135 A. This value is in good agreement 
with that of -95 A from the Mossbauer analysis. The 
dimensions D(lll) and D(130) for goethite in a terra 
fusca sample are -120 A and -205 A, respectively, 
compared to the value of -260 A obtained from the 
Mossbauer analysis. 

The estimation of the extent of substitution of Fe by 
Al in both oxides from the XRD line shifts is not pos
sible, because of the great uncertainty (about ±0.07 A) 
in the determination of the line positions. 

DISCUSSION AND CONCLUSIONS 

Only goethite was detected in the two terrae fuscae 
samples and their corresponding LR of strong brown to 
reddish yellow colors. In the seven terrae rossae sam
ple pairs of strong red to reddish yellow colors different 
proportions of goethite and hematite were identified. 
Both iron oxides contain substitutional Al and occur as 
small crystallites. From the Mossbauer data and the 
Munsell colors of the terrae rossae sample pairs (Table 
I), the gross coloration of the samples can generally be 
related to the proportions of both iron oxides. Similar 
findings were reported by Bigham et al. (1978) and Tor
rent et al. (1980). In our samples ranging in color from 
5 YR to 2.5 YR the hematite content is ~ 1.5%, e.g., the 
concentrations of 1.5%, 2.0%, and 3.6% were found for 
the 5 YR, 3.75 YR, and 2.5 YR hues, respectively. In 
the color range 10 YR to 6.25 YR, the hematite content 
is 0.2-0.7%, with two exceptions. Terra rossa (A) and 
its LR (B) from Drevenik show the same Munsell color 
in the <0.2-jLm fraction (5 YR 5/6), but the hematite 
content is 1.6% in the terra rossa and only 1.0% in the 
LR. Also, the <0.2-jLm fractions of terra rossa (Q) and 
its LR (R) in the "Vo viniciach" exposure from Levice 
show similar Munsell colors (3.75 YR 5-6/8 and 5 YR 
5/8, respectively), but the hematite concentration is 2.2% 
in the terra rossa and only 0.7% in the LR (from a highly 
weathered travertine with lime content of -96%). The 
LR of the fresh bottom travertine (R') (CaC03 > 99.1 %), 
on the other hand, exhibits a Mossbauer spectrum of 
pure goethite (Figure 1). This observation agrees with 
the idea of Gebhardt et al. (1969) and Meyer and Kruse 
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(1970) who explained the rubification as a process dur
ing decalcification ("Entkalkungsrotung"). 

Some silt fractions, especially the coarse silt fraction 
(63-20 JLm) of two of the three terrae rossae from Le
vice (M and Q), are very red (2.5 YR 4/8). This obser
vation implies that the iron oxides are also bound to the 
silt particles, at odds with the findings by Bresson (1974, 
p. 540) who observed only "strong bonding between 
iron oxides and clay minerals" in "Red Mediterranean 
soils. " 

All terrae rossae contain more hematite than their 
corresponding LR (Table I). This general trend is most 
pronounced in the terra rossa sample pair O-P where 
the hematite content is 0.3% in the LR and 5.2% in the 
terra rossa. In these samples, however, the weathering 
of silicates and formation of clay minerals is negligible. 
A less pronounced increase of 0.2-0.7% hematite was 
found for the sample pair G-H, but here weathering of 
phyllosilicates and clay formation have taken place. In 
the terra rossa from Koliiiany-Malok (K), the only soil 
to have undergone intensive weathering and clay for
mation, the increase of the hematite content is inter
mediate (from 1.5% in the limestone to 3.6% in the terra 

rossa). In the terra rossa sample pair E-F from Iva
novce no change in the hematite content was observed. 
In this exposure, however, the material consists of a 
soil sediment which contains small fractions of distinct 
red color (lOR 4/6) in a predominantly brown matrix 
(7.5 YR 5/8). These fractions show a single Mossbauer 
six-line spectrum which can be attributed to AI-substi
tuted hematite on the basis of the hyperfine field value 
of 529 kG at 5°K. Because weathering of silicate min
erals was not detectable in most samples, the largest 
portions of the iron oxides probably result from the 
weathering of ankerite. 

These investigations show that the extent of rubifi
cation of terrae rossae from Slovakia can be charac
terized, with some exceptions, by a greater hematite 
content than corresponding limestone residues, and that 
the rubification of terrae rossae is independent of 
weathering. Silicate weathering and clay formation was 
not detected in most ofthe terrae rossae examined. The 
assumption that the formation of hematite occurs only 
under subtropical or tropical climate with distinct dry 
seasons seems doubtful. Schwertmann et al. (1982) ob
served that in soils on calcareous gravels from the Wiirm 
glaciation in the humid temperate climate in southern 
Germany, goethite and hematite can be detected under 
specific lithogenic and microclimatic conditions. 
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Pe3IOMe--MHHepaJIOmQeCKHH H "Fe Mecc6ayepoBcKHH CneKTpaJIbHbIH aHaJIH3bI 6bIJIH npOBe)J.eHbI 
Ha ceMI1 06pa3Qax Teppa-pocca H )J.ByX o6pa3Qax Teppa-<i>I03e H3 3nOXH OT nJIHOQeHa )J.O paHHero 
nJIeHcToQeHa B CJIOBaKHH H Ha H3BeCTHMKOBbIX oca)J.Kax H3 nepBOHaqaJIbHblX MaTepHaJIOB. B 
60JIbIIHIHCTBe 06pa3QoB HH BbIBeTpHBaHHe, HH 06pa30BaHHe rJIHHHCTbIX MHHepaJIOB He MoryT 6b1Tb 

06HapYJKeHbI npH nOMOIQH OnTHqeCKOH HJlH nopOlliKOBOH peHTreHOBCKOH )J.H<i><i>paKQHH no cpaBHeHHIO 
c HX nepBOHaQaJIbHbIMH H3BecTHMKOBbIMH OCa)J.KaMH. TOJIbKO O)J.HH 06pa3eQ Teppa-pocca nOKa3aJI 
CHJlbHOe BbIBeTpHBaHHe nepBOHaqaJIbHoro <i>eJIb)J.IllnaTa H <i>HJlJIOCHJIHKaTOB H 60JIbIllYIO CKOPOCTb 
06pa30BaHHM rJIHHbI, OC06eHHO KaOJIHHHTa. Mecc6ayepoBcKHe H3MepeHHM MeJK)J.y 5° H 3000 K YKa3aJIH 
Ha TO, qTO reMaTHT H reTHT MBJIMIOTCM rJIaBHbIMH QBeTOBbIMH nHrMeHTaMH B KpacHOBaTblX 06pa3Qax 
Teppa-pocca H cOOTBeTCTBYIOIQHX HM H3BecTHMKOBblX Oca)J.Kax. Cpe)J.HHH pa3Mep qaCTHQ reMaTHTa 
H reTHTa 6bIJI npH6JIH3HTeJIbHO OQeHeH H3 )J.aHHbIX 3<i><i>eKToB Mecc6ayepa H peHTreHoBcKOH nopOIll
KOBOH )J.H<i><i>paKQHH Ha 95 H 250 A COOTBeTCTBeHHO. MeHbIllHe BeJIHqHHbI CBepXTOHKHX nOJIeH npH 
5°K nOqBeHHblX OKHceH JKeJIe3a no CpaBHeHHIO c BeJIHqHHaMH qHCTblX OKHceH YKa3b1BaIOT Ha qaCTHqHYIO 
nO)J.CTaHOBKY aTOMOB Fe(III) aTOMaMH AI. CO)J.epJKaHHe reMaTHTa COOTBeTcTByeT MHHCeJIJIOBCKOMY 
QBeTHOMY KO)J.y )J.JlM 5 H3 7 06pa3QoB Teppa-pocca H cooTBeTcTBYIOIl\HX HM H3BeCTHMKOBbIX oca)J.KOB. 
Bce 06pa3QbI Teppa-pocca HMeJIH 60JIbIllee cO)J.epJKaHHe reMaTHTa, qeM cooTBeTcTBYIOIQHe HM 
H3BeCTRjiKOBble oca)J.KH. 3TO YKa3b1BaeT Ha TO, qTO nOKpacHeHHe TaKHX MaTepHaJIOB MBJIMeTCM 
He3aBHcHMbIM OT CTeneHH BbIBeTpHBaHH}I. [E.G.] 

Resiimee--Sieben ausgewiihlte Terrae rossae plioziinen bis altpleistoziinen Alters und zwei Terrae fuscae 
alt- bis mittelpleistoziinen Alters und ihre jeweiligen Kalksteinlosungsriickstiinde aus der Siowakei wurden 
mineralogisch und moBbauerspektroskopisch untersucht. In fiinf Terrae rossae ist im Vergleich zum je
weiligen Kalksteinlosungsriickstand keine Mineralverwitterung und Tonmineralbildung belegbar. In einer 
Terra rossa ist die Tonmineralbildung gering. Nur eine Terra rossa zeigt eine stiirkere Verwitterung von 
primiiren Feldspiiten und Phyllosilikaten und eine hohere Tonbildungsrate, insbesondere von Kaoliniten. 
MiiBbauer-Messungen zwischen 5° und 3000 K zeigen, daB Hiimatite und Goethite die dominierenden Ei
senoxide in den rubefizierten Terrae rossae einschlieBlich ihrer zugehiirenden Kalksteinlosungsriickstiinde 
sind. Die mittleren KomgroBen von Hiimatit und Goethit wurden aufgrund von MoBbauereffekt-Daten und 
Riintgenanalysen auf 95 bzw. 250 A abgeschiitzt. Reduzierte Werte der Hyperfeinfelder bei 5°K der Ei
senoxide in den Biiden im Vergleich zu reinen Eisenoxiden weisen auf eine partielle Substitution von Fe(III) 
durch AI hin. Bei fiinf der sieben Terrae rossae und ihrer jeweiligen Kaiksteinliisungsriickstiinde korreliert 
der Hiimatitgehalt mit den Munsell-Farbwerten. Aile Terrae rossae zeigen hiihere Hiimatitgehalte als ihre 
jeweiligen Kaiksteinliisungsriickstiinde. Das bedeutet, daB die Rubefizierung dieser Boden unabhiingig von 
der Verwitterungsintensitiit ist. 

Resume-Des analyses mineralogiques et spectrographiques de Mossbauer 57Fe ont ete faites sur sept 
echantillons de terrae rossae et sur deux echantillons de terrae fuscae du pliocene et du haut pleistocene 
de Siovaquie et sur des residus calcaires des materiaux d'origine. Dans la plupart des echantillons, aucune 
alteration mineralogique ni de formation de mineral argileux ne pouvait etre detectee par investigation 
optique ou de diffraction poudree de rayons-X, compare aux residus calcaires d'origine; une seule terra 
rossa a montre une forte alteration de feldspar primaire et des phyllosilicates, et un taux eieve de formation 
d'argile, specialement de la kaolinite. Des mesures de Miissbauer entre 5° et 3000 K ont montre que I'he
matite et la goethite etaient les piments de coloration dominants dans les terrae rossae rubifiees et leurs 
residus calcaires correspondants. La taille moyenne de la particule d'hematite et de goethite a ete estimee 
a partir des effets de Miissbauer et des donnees de diffraction poudree des rayons-X a 95 et 250 A, res
pectivement. Des valeurs reduites des champs hyperfins a 5°K des oxides de fer de sols, compare a celles 
d'oxides purs, indiquent une substitution partielle de Fe(III) par AI. Le contenu en hematite s'accorde avec 
la notation de couleur Munsell de 5 des 7 echantillons terrae rossae et leurs residus! calcaires correspon
dants. Tous les echantillons de terrae rossae ont montre des contenus en hematite plus eieves que leurs 
residus calcaires correspondants, indiquant que la rubification de tels materiaux est independante de degre 
d'alteration. [D.l.] 
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