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Investigation of spectral properties of different Quaternary paleosols
and parent materials

J6zsEr SZEBERENYP, Arzsera MEDVED’OV A2 Paver ROSTINSKY?, )
GasriELLA BARTA* Aenes NOVOTHNY? DiaAna CSONKA*4 Istvan VICZIANY,
ErzsisBer HORV ATH* and TamAs VEGH*

Abstract

Diffuse Reflectance Spectroscopy (DRS) is a rapid, relatively new method in Quaternary research to analyse
sediments and paleosols. This method takes into account clay mineral content, amount of Fe-bearing minerals
and grain size composition of samples, simultaneously. Different Quaternary sediment samples were chosen for
characterization and comparison their reflectance curves to detect the essential spectral properties of different
paleosols and parent materials. Samples of different sediment types and paleosol variants were investigated
from a loess-paleosol sequence from Mala nad Hronom (Slovakia) and from a fluvial-aeolian sediment complex
from Pilismardt (Hungary). Five investigated curve sections were separated as the best indicators of reflectance
properties of DRS curves. Spectral properties of samples were compared by using the length of investigated
curve sections. This investigation showed quantifiable differences between the units of Pleistocene sediment
successions, based on the reflectance properties. The influence of pedogenic processes was properly detectable.
Significant discrepancies were observed between reflectance curves of well-developed paleosols and parent
material samples in the visible and near-infrared range. Differences between the weak developed paleosol lay-
ers and their parent materials were only observed in the visible range. Fine sand, sandy silt and loess materials
could be separated from each other based on the intensity of entire reflectance curves.
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Introduction and research background

The investigation of Quaternary sediments,
such as loess-paleosol sequences, helps to
reveal Pleistocene climate and environ-
mental changes (Markovi¢, S.B. et al. 2011,
2015; Uyvary, G. et al. 2014; HorvATH, E. and
BrapAk, B. 2014; Varca, G. 2015; Varaa, G.
et al. 2019). Besides the most commonly used
proxies (e.g. grain size, magnetic susceptibil-
ity, carbonate content), applications of dif-
fuse reflectance spectroscopy (DRS) method
have become more widespread in this field
(BucatL, B. et al. 2014; Krauss, L. et al. 2016;

VLAMINCK, S. et al. 2016; ZeepeN, C. et al. 2018;
Wru, Y. et al. 2018). The method allows meas-
urements in a rapid, non-destructive way
and does not require complicated sample
preparation. The visible and near-infrared
(VIS-NIR) spectra allow simultaneous inves-
tigations of various parameters.

Reflectance spectra of fine-grained miner-
als showed specific properties, which were
observed for the first time by Write, W.B.
and Keester, K.L. (1966), and Apaws, J.B.
and Firicg, A.L. (1967). Diffuse reflected light
contains spectral information concerning the
physical and chemical composition of the il-
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luminated sample (BAUMGARDNER, MLF. et al.
1985). DRS detects the electronic transitions
of atoms in the visible spectrum (VIS), while
the vibration deriving from the stretching
and bonding of molecules and from the al-
terations of the bond angle is obtained in the
near-infrared (NIR) range (SuepuERD, K.D.
and WatrsH, M.G. 2002). The instrumental
colour determination eliminates the subjec-
tivity of the Munsell colour scale (Post, D.
et al. 1993); therefore, the different sequences
will be comparable. Lithostratigraphic sub-
division of sediment series can be achieved
by using the so-called colourimetric indices.
Different indices were calculated to inter-
pret diffuse reflectance spectra (VIS range)
of Quaternary sediments (especially concern-
ing loess-paleosol sequences). These were
different colourimetric indices or Hematite/
Goethite (H/G) ratios.

Brightness values were calculated from the
visible band primarily to identify the carbon-
ate content of marine sediments (BaLsam,
W.L. et al. 1999). This proxy is equivalent to
Lightness (Gopparp, E.N. et al. 1948) and
greyscale (HerBerT, T.D. and Fiscuer, A.G.
1986). J1, J.E. et al. (2001) used brightness
as colourimetric index for investigation of
loess-paleosol sequences for the first time.
A strong relationship was observed between
brightness and magnetic susceptibility (kap-
pa low field,  LF) values, similarly to light-
ness (Zuou, L.P. and SnackreTon, N.J. 1998;
Wang, Q. et al. 2016) and greyscale (PORTER,
S. 2000) proxies. J1, J.F. et al. (2001) draws at-
tention to the modifying effect of non-mag-
netic light and dark minerals, which may
change the values of the colourimetric index
and thus the strength of the correlation.

The redness index (RI) was calculated from
the red band of DRS curve for the first time
by Znang, Y.G. et al. (2007) to identify the col-
ourimetric parameters of marine sediments
of South China Sea and were connected to
hematite and goethite content — following
the main assumption suggested by BARrRON,
V. and TorrenT, J. (1986). RI used to replace
the RR (Redness Rating: calculated from
Munsell colour chart) values (BuntLEy, G.

and WestiN, F. 1965) and RI ,, (Redness
Index: calculated from CIE colour sys-
tem; CIE 1978) values (e.g. BARRON, V. and
TORRENT, J. 1986; ViscArRrA RosseL, R.A. et al.
2006). Rl is a widely used colourimetric index
for investigation of loess-paleosol sequences
(e.g. Guo, Z.T. et al. 2009; Sun, Y. et al. 2011;
BuccLg, B. et al. 2014). Rl and  LF values are
in strong positive correlation (e.g. BucGLE, B.
et al. 2014), but it is always essential to take
into account the possible colour-modifying
effects of the organic matter and carbonate
content (Sun, Y. et al. 2011).

Goethite and hematite can be transformed
into each other due to changing climatic con-
ditions (ScHwerTMANN, U. 1971). SCHEINOST,
A.C. et al. (1998) calculated the so-called
H/G ratio based on the relevant sections of
the DRS curve to detect the transformation.
Hematite and goethite both have a vital role
during the investigation of loess-paleosol se-
quences. TorReNT, J. ef al. (2007) improved
the method for the study of loess-paleosol
sequences of the Chinese Loess Plateau: he-
matite concentration showed a strong posi-
tive correlation with the values of frequency-
dependent magnetic susceptibility. Based on
previous investigations (e.g. BaLsam, W.L.
et al. 2004; Vipic, N.A. et al. 2004) it was stated,
that H/G ratios are good paleoclimatic indi-
cators — although specific questions are still
open. H/G ratios do not show good correla-
tion with | LF values in each case (Wang, Q. et
al. 2016), and hematite concentrations meas-
ured in a given range can be influenced by the
presence of other materials (Liu, Q. et al. 2011).

Particular indices were calculated from
DRS measurement data during the investi-
gation of terrestrial sediments. These indices
were added to multiproxy investigations and
thus were used for more detailed description
of profiles (Zuang, Y.G. et al. 2007; Krauss, L.
et al. 2016; VLaMINCK, S. et al. 2016; ZEEDEN,
C. et al. 2018) in order to reveal the intensity
of pedogenesis (BABEx, O. ef al. 2011) and to
reconstruct paleoclimate and paleoenviron-
ment (Guo, Z.T. et al. 2009; Sun, Y. et al. 2011;
BucaLg, B. et al. 2014; Wang, Q. et al. 2016;
Wu, Y. et al. 2018).
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Compound loess-paleosol sequences can
be divided into different groups and inter-
preted as stratigraphic units of loess-paleosol
successions by applying cluster analysis of
DRS data. This is a new approach introduced
in loess research by SzeBERENYI, J. ef al. (2020,
in press). Three important frequency ranges
were identified, which are the most critical
sections in the entire measurement range: (1)
The reflectance intensity of a sample in the
400-825 nm frequency range was modified
by hematite and goethite, illite, montmo-
rillonite, muscovite and calcite. (2) Mainly
montmorillonite and kaolinite played im-
portant roles in modifying the reflectance
curve of a sample in the 900-1,100 nm fre-
quency range. Fe-bearing minerals had
only a minimal influence in this range. (3)
The reflectance curve was only modified by
montmorillonite in the 1,445-1,460 nm range.
This approach proved that the reflectance
properties of DRS curves are suitable for the
differentiation of paleosols and their parent
materials (e.g. loess). Although the question
is raised, whether it is easier to identify curve
sections, that indicate apparent differences
between reflectance properties of paleosol
and parent material samples.

As a continuation of our previous stud-
ies, this paper reveals the relationship be-
tween the DRS curves of paleosols and their
parent material. The basis of recent research
was the most important curve sections
(between 400-1,460 nm wavelength range)
of the entire measurement range. The goal
of the actual study was to quantify the
significant differences between the original
reflectance curves of paleosols and their
parent materials in the case of different
Quaternary sediment successions.

Site and sampling

Loess, alluvial sandy aleurite and fluvial
sand are widespread Pleistocene sediment
types in the Carpathian Basin. They gener-
ally serve as parent materials for soil de-
velopment. Two successions were investi-

gated in the present study: a loess-paleosol

sequence and a fluvial-aeolian sediment

complex. The loess-paleosol sequence is lo-
cated in the vicinity of Mala nad Hronom,

Slovakia (130-155 m a.s.l.; N47°49'46.0” and

E19°02'33.6”). The abandoned brickyard

is found in the western side of a dissected

fluvial terrace of the Hron river, which is a

tributary of the Danube river. The fluvial-

aeolian sediment complex is located in the

region of Pilismarot, Hungary (103-107 m

a.s.l; N47°48'6.44” and E18°52'31.45”). The

abandoned gravel mine is on the lowest ter-

race of the Danube river (Figure 1).

One profile (MNH) was excavated in the
loess-paleosol sequence at Mala nad Hronom
(Figure 2). Seven different stratigraphical
units were identified, which can be summa-
rized from the top to the bottom as follows:
— Unit L1 (0-160 cm): Greyish yellow, well-

cemented, homogeneous, non-layered

loess with low fine sand content. 16 sam-
ples were measured from this unit.

— Unit T1 (160-220 cm): A light brownish in-
termediate layer was detected between L1
and P1. The silty material was loose, non-
layered, without any sediment structure.

— Unit P1 (220-320 cm): Light reddish-
brown, weakly developed paleosol with
granular ped structure. 8 samples were
taken from this layer.

— Unit T2 (320-390 cm): A yellowish/light
brownish intermediate layer was observed
between the two paleosols. The transition
zone consisted of loose, non-layered silty
material.

— Unit P2 (390-490 cm): The paleosol of Unit
P2 was characterized by two pedogenic
horizons. The uppermost pedogenic ho-
rizon (390-420 cm) was clayey with dark
brown colour and was described by well-
developed blocky structure. A 50-60 cm
thick, reddish-brown, weakly developed
soil horizon was observed in the lower part
of this unit (between 420-490 cm). 8 sam-
ples were measured from P2 paleosol unit.

— Unit LCa (490-520 cm): Well-compacted
carbonate accumulation zone of the P2
paleosol.
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Fig. 1. The geographical location of the investigated successions
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Fig. 2. The investigated successions. L1, L2 = loess units; T1, T2 = intermediate layers; LP1, LP2 = paleosol

layers; LCa = carbonate accumulation horizon; AeS1, AeS2, AeS3, AeS4 = aeolian sand layers; AeSP1, AeSP2,

AeSP3 = paleosol horizons in aeolian sand; ASP = paleosol layer on alluvial sand unit; AS = alluvial sand unit;
FS = fluvial sand unit.
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— Unit L2 (520-1,010 cm): The base of the
sequence was a grey/greyish-yellow loess
layer with at least 5 m thickness. This unit
was porous, loose, non-layered, and ho-
mogeneous. Secondary carbonates were
observed in the field. 36 L2 samples were
taken for reflectance measurements.

One profile (HPM) was investigated in the
fluvial-aeolian sediment complex at Pilismarot
(see Figure 2). Five different stratigraphical
units were identified, which were described
from the top to the bottom as follows:

— Units AeS and AeSP (0-150 cm): An aeo-
lian sand-paleosol complex was identified
in the upper part of the sequence, which
consisted of several layers. 4 light grey/
greyish-yellow, loose, homogeneous/
finely laminated fine aeolian sand layers
(AeS) were detected between 0-20, 30-70,
80-90 and 120-150 cm depth. 9 samples
were taken from parent material unit. 3
grey/greyish yellow coloured, weakly
developed paleosol horizons (AeSP) with
granular ped structure were observed be-
tween 20-30, 70-80 and 90-120 cm depth.
6 paleosol samples were measured from
these horizons.

— Unit ASP (150-210 cm): A well-developed,
clayey reddish-brown paleosol was iden-
tified in the middle of the sequence. The
angular blocky ped structure included clay
coatings and slick and slide phenomenon.
6 ASP samples were taken for measure-
ments.

— Unit AS (210-280 cm): Fine-grained alluvial
silty sand was detected as parent material
of the ASP paleosol. This stratum was di-
vided into different sublayers. The lower-
most part of the layer was a 30 cm thick,
fine laminated, grey coloured material
with limonite dots. This part was overlain
by a 40 cm thick yellowish-grey, homog-
enous, non-laminated sandy silt layer.
5 samples were measured from this layer.

— Unit FS (280-360 cm): The base of the se-
quence was thick cross-bedded fluvial
sand, which was grey, coarse-grained and
contained fine pebbles and a thin gravel
layer (320-330 cm).

Methods

The samples were air-dried and dry sieved
trough a 250 um sieve, as preparation for
reflectance measurements. The samples
were proceeded with a Shimadzu UV-3600
spectrophotometer (Geographical Institute,
Research Centre for Astronomy and Earth
Sciences, Hungary) in Hellma Precision cells
made of quartz SUPRASIL 300 and were op-
timized in the UV-VIS-NIR range (Figure 3).

The test samples were very noisy in the
most extended wavelength section of the
NIR range (2,000-2,500 nm); therefore, the
samples of the present study were meas-
ured only between 240 and 2,000 nm. Scan
speed was 0.54 sec in 1 nm sampling interval.
Optimal slit with was 20 nm. Change in the
wavelength of the detector (Pbs/Pm) was at
830 nm, while light source (D2 deuterium/WI
halogen) change wavelength was at 310 nm
and grating change wavelength was at 710
nm (green points on Figure 3), which were
identified as uncertain measurement points.
The diffuse reflectance was recorded by the
LISR-3100 integrating sphere. Each sample
spectra were corrected for background ab-
sorption by the division of the reflectance
spectrum of standardized white BaSO, panel.

The reflectance intensity was expressed in
percentage (R%) of the measurement range
(240-2,000 nm). One DRS curve contains
1,760 data points (given in R%), which refer
to the quantity of light reflected per nm. The
entire reflectance spectra of samples could
be displayed on a diagram (blue curve on
Figure 3). All paleosol and parent material
samples were analysed using the intensity
of their entire reflectance curves, which helps
to recognize the fundamental differences in
their reflectance properties.

Several curve sections were identified to
characterize and quantify the reflectance
properties of samples. The most variable
wavelength ranges (between 400-825, 90—
1,000 and 1,445-1,460 nm) were separated
from the full measurement range based on
our earlier results (SzeBERENYI, ]. et al. 2020, in
press). Within these wavelength ranges five
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investigated curve sections were identified
for this study that generally rises or drops
monotonically toward longer wavelengths
(1), and not contains any uncertain meas-
urement points such as detector, grating
and light source change points (2). Two fre-
quency ranges were identified in the visible
band (VIS 1 and VIS 2) and three in the near-
infrared range (NIR 1, NIR 2 and NIR 3).
These investigated frequency ranges are the
best indicators of reflectance properties of the
DRS curves (see Table 1 and Figure 3). The five
investigated sections of reflectance curves of
paleosol and parent material samples were
compared to each other in this study.

The investigated curve sections could be
characterized by an increase or a decrease of
R% value in the investigated frequency range.
The minimum and maximum R% values could
be measured at the endpoints of the investi-
gated curve section (red on Figure 3). AR% gives
the difference of maximum and minimum R%
values in the investigated frequency range. If
R% value increased in the investigated frequen-
cy range, the AR% value is positive. In contrast,
a negative AR% value signifies a decreasing

tendency between the endpoints of the investi-
gated curve section. Steeper curve section could
be characterized by higher AR% value.

Results

In general, the R% values showed an in-
creasing tendency between 240 and 2,000
nm wavelength range. Minimum R% values
were detected between 290-300 nm, whereas
the maximum values were present between
1,950-1,955 nm. The sediment types could
be characterized by different amplitudes of
their reflectance curve. The most consider-
able difference (min: 47.6R%, max: 87.2 R%)
was observed for loess, while the smallest
difference (min: 47.5 R%, max: 76.4 R%) was
characteristic for aeolian sand (Figure 4, a).
The intensities of DRS curves regarding pale-
osols were lower than those of their parent
material in each case (Figure 4, b, ¢, d).
Curve sections of Unit L1 and L2 sam-
ples could be characterized by the highest
AR% value in the VIS 1 range (Figure 5, a),
concerning the samples of the loess-paleo-
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Table 1. Endpoints and uncertain points of investigated curve sections

Light .
Nameofthe | b0 | yis1 | G281 yigy | nmr1 | PeCOr | Ry | NIR3
frequency range change change
change

End points of - 400 - 715 725 - 900 1,445
investigated fre- - 700 - 725 820 - 1,000 1,460
quency range, nm
Uncertain meas- 310 - 710 - - 830 - -
urement point, nm

sol sequence. Loess samples had the same
values. The R% values of samples increased
by 10.1-11.5 per cent from the minimum to
the maximum value. AR values of curve sec-
tions of paleosols were smaller than those
of their parent materials. The R% value of
P1 paleosol increased by 9.2-9.7 per cent
between the endpoints of the curve section,
whereas the P2 paleosol showed only 5.8-7.8
per cent increase. An opposite trend was ob-
served in the case of the alluvial units (AR of
AS: 5.8-6.6% and AR of ASP: 6.2-9.7%), and
there was no significant difference between
aeolian samples (AR of AeS: 6.3-7.5% and AR
of AeSP: 6.8-7.0%) (Figure 5, b, c).

The R% values of paleosols had slightly
higher AR% values in the VIS 2 range than
their parent material (Figure 5, d, e, f). The
most significant difference was observed
for the samples of the loess-paleosol se-
quence (AR of L1 and L2: 3.6-4.5%; AR of P1:
4.5-4.8% and AR of P2: 5.2-5.7%).
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R% values of parent materials decreased
in the NIR 1 range by -0.9-0.6 per cent (AR)
for Loess, -1.3-1.1 per cent (AR) for AS and
-0.8-0.6 per cent (AR) for AeS (Figure 5, g, h, i).
A slighter decrease (AR: -0.8-0.5%) was charac-
teristic for the weakly developed P1 paleosol,
whereas the R% value of the AeSP paleosol re-
mained constant (-0.6-0.1%) in relation to the
parent materials of both units. The value of
the well-developed paleosol of loess-paleosol
sequence increased between the endpoints
of NIR 1 curve section (AR of P2: 0.2-0.6%).
ASP paleosol layer could be divided into two
parts (ASPa and b) in this frequency range.
The R% values of the middle part of alluvial
paleosol increased (AR of ASPa: 0.1-0.5%),
whereas the lower and upper part of allu-
vial paleosol could be characterized by a de-
creasing tendency (AR of ASPb: -0.2--0.7%)
(Figure 5, g, 1).

The R% values of alluvial sandy aleurite
decreased in the NIR 2, whereas loess and
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Fig. 4. Entire reflectance curves of samples
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Fig. 5. Comparison of investigated curve sections in the investigated ranges

aeolian sand could be characterized by an  weakly developed paleosols and their parent
increasing tendency. Only a slight differ- materials in the NIR 2 frequency range (AR
ence was observed between the values of the  of L1 and L2:-0.08-0.47%; AR of P1: 0.1-0.6%;



Szeberényi, ]. et al. Hungarian Geographical Bulletin 69 (2020) (1) 3-15. 11

AR of AeS: 0.0-0.1% and AeSP: 0.00-0.18%)
(Figure 5, j, 1). Well-developed paleosols
were characterized by steeper curve sections
(AR of P2: 0.9-2.0%; AR of ASP: 0.4-0.9%)
(Figure 5, j, k).

In general, R% values decreased concern-
ing the NIR 3 frequency ranges. Minimal dif-
ferences could be observed between loess-
paleosol samples (AR of L1 and L2: -0.4-
-0.2%, P1: -0.36— -0.20%, P2: -0.30- -0.06%),
the alluvial-paleosol samples (AR of AS:
-0.3--0.1%, ASP: -0.38—-0.20%) and the aeo-
lian sand-paleosol samples (AR of AeS: -0.3-
-0.2%, AeSP: -0.28—-0.24%) (Figure 5, m, 1, 0).

Discussion

DRS measurements are useful for the differ-
entiation between loess and sandy samples
and for the recognition of possible differ-
ences between paleosols and their parent
materials. Sediment types can be separated
from each other, based on the mean intensity
of the complete DRS curves. Aeolian sands
can be differentiated from alluvial silty sands
and loesses based on the visible and near-
infrared bands (especially between 950-2,000
nm, see Figure 4, a). The entire DRS curves of
paleosols were characterized by lower inten-
sity than their parent materials. Besides the
mineral components, the reflectance intensity
was influenced by the grain size composi-
tion as well (Hunt, G.R. 1989; CrARK, R.N.
1999). DRS curves of parent materials (fine
sand, sandy silt, loess) and well-developed
paleosol samples were definitely modified
by these factors (especially concerning the
presence of higher clay fraction).

By the help of the five curve sections, it was
possible to reveal and quantify the most im-
portant reflectance properties of DRS curves.
The most prominent changes were present in
the VIS 1, NIR 1 and NIR 2 frequency ranges,
although certain tendencies appeared to be
identifiable in the VIS 2 and NIR 3 frequency
ranges too (Figure 6).

In general, significant differences could
be shown between AR% values of well-de-

veloped paleosols (especially P2) and their
parent materials. In contrast, only moderate
or little differences were detected between
weakly developed paleosols and their par-
ent materials (see Figure 6). Changes of car-
bonate content, the formation of clay min-
erals and the transformation of Fe-bearing
minerals were the reason for abovemen-
tioned phenomena, and those parameters
are very important in relation to pedogenic
processes. Generally, paleosols can be char-
acterized by lower carbonate and goethite
concentration, and higher hematite and clay
mineral contents, which are all influenced
by paleoclimatic and paleoenvironmental
conditions. The involved minerals were
very well detected components using dif-
fuse reflectance spectroscopy. DRS meas-
urements are sensitive to the changes of the
amount of Fe-bearing minerals (TORRENT, ].
et al. 1983; Hunt, G.R. 1989; DeaTON, B.C.
and Barsam, W.L. 1991) and the carbonate
content (Barsam, W.L. et al. 1999) of the sedi-
ments in the visible band; and to the changes
of clay mineral content (CLARK, R.N. 1999) in
the near-infrared range.

The investigated weakly developed paleo-
sols (especially P1) differentiated from their
parent materials only in the visible range. On
the contrary, significant differences were de-
tected between well-developed paleosols and
their parent materials both in the visible and
near-infrared bands. The changes of carbon-
ate content and the amount of Fe-bearing
minerals is possibly connected to the earlier
stage of pedogenic development, whereas
the accumulation of clay minerals is related
to longer time periods and/or to the presence
of stronger pedogenic processes.

Furthermore, another interesting observa-
tion was that the reflectance properties of dif-
ferent sediment types (fine sand, sandy silt,
loess) were comparable to each other, main-
ly in the visible range. AS and AeS samples
could be characterized by the same values
(ARin VIS 1: 5.8-7.5%; AR in VIS 2: 4.7-5.6%),
whereas L1 and L2 samples had higher val-
ues (AR: 10.1-11.5%) in the VIS 1 and lower
values (AR: 3.6-4.5%) in the VIS 2 band.
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Fig. 6. Changes of AR% of curve sections in the five investigated frequency ranges

The 715-820 nm were substantial frequen-
cy ranges in our study, based on which the
alluvial paleosol layer could be divided into
three horizons. I can be seen on Figure 6 that
(1) the lower part of ASP layer was charac-
terized by significantly lower AR% values in
the VIS 2 than the other samples of this layer,
and (2) the middle part of ASP had higher
AR% values in the NIR 1 range, than their
uppermost and lowermost horizons. The
spectral features of illite and hematite can
be traced in these frequency ranges, there-

fore, in this case, these minerals played the
most important role during the pedogenesis,
based on our earlier study (Szeserényi, J.
et al. 2020, in press).

Generally, the alterations of curve sections
are established mainly by different mineral
groups and not by the individual minerals,
except in the 1,445-1,460 nm frequency range
based on our earlier results (SzeBerENYI, J.
et al. 2020, in press). This narrow range is
modified only by montmorillonite. This fact
can be regarded as very important as signifi-
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cant discrepancies were observed between
the reflectance curves of two well-developed
paleosols in the NIR 3 range. Curve section
of P2 paleosol samples (especially the upper
part of this layer) were steeper than those
of their parent materials, which could be
explained by montmorillonite enrichment.
On the contrary, the curve section of ASP
paleosol layer could be characterized by
lower AR% values than the alluvial sandy
aleurite samples (Figure 6). Probably the ASP
paleosol can be characterized by low mont-
morillonite and high illite content (especially
the middle part of this layer; Figure 3, NIR
1). Illite forms in potassium-rich soils by the
transformation of high-temperature micas,
usually muscovite (e.g. Jackson, M.L. 1964;
Evrris, S. and MELLOR, A. 1992; Rigui, D. and
MEUNIER, A. 1995). ReinBacH, H. and Ricy, C.
(1975) indicated that the process of smectite/
illite transformation is intimately associated
with silica-poor and potassium-rich environ-
ment. Presumably, these processes are stand-
ing in the background of pedogenesis of ASP
paleosol.

Conclusions

Reflectance measurements of samples in
different Quaternary sediment successions
were investigated and compared in order
to reveal and quantify the most important
reflectance properties. We found that (1) the
assessment of DRS curves from Quaternary
sediment successions indicated the presence
and intensity of pedogenic processes; (2) the
reflectance properties of DRS curves could
be identified by both the mean intensity of
the whole reflectance curve and the length
of the investigated curve sections. Therefore,
essential conclusions can be drawn from the
investigation of curve sections regarding the
intensity of pedogenic processes. The detect-
able differences of the length of investigated
curve sections can be quantified by AR%.
The method of this study took into ac-
count the changes of the mineral composi-
tion and the alterations of grain size at the

same time. Reflectance properties of DRS
curves were suitable for the recognition of
the tracers of pedogenic processes in the
case of Quaternary terrestrial successions,
although some unresolved questions re-
mained. Further investigations are needed
to determine the degree of change, which
influences the mineral and grain size com-
positions. It is an exciting topic to find the
mineral (or minerals) that affect the altera-
tions of the investigated curve sections using
XRD measurements.
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