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Mineralogy and geochemistry of loesses in southern Moravia
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Abstract. Attention is paid to mineralogy and geochemistry of loesses at selected localities in southern Moravia (Czech Republic). Evaluation
of samples taken from stratigraphically fixed horizons allowed to compare loess covers of different age, to draw some conclusions concerning source
areas of loess, wind direction and character of weathering. Based on the studies and evaluation of “oxidizing degrees” some conclusions could be drawn
on palaeoclimatic conditions during loess sedimentation, in particular with regard to inland glaciations of North European lowland.

Abstrakt. Préice se zabyvé mineralogii a geochemii sprasi na vybranych lokalitdch jizni Moravy (Ceska republika). Vyhodnoceni vzorkii, ode-
branych ze stratigraficky definovanych horizontii, umoZznilo porovnéni spraSovych poloh riizného stiii a stanoveni nékterych zavért o zdrojovych ob-

lastech spraSi, sméru vétru a charakteru zvétravani. Studium a zhodnoceni ,,0xida¢niho stupné

mentace sprasi, zejména ve vztahu k zalednéni severoevropské niZiny.

X

ukdzalo na paleoklimatické podminky béhem sedi-
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Quaternary of Moravian basins

Introduction

The paper presents the results of mineralogical and
geochemical study of loesses in the extraglacial area of
southern Moravia and is linked to the geochemical study
of loesses carried out in 1995-1996 (Adamova and
Havlicek 1997). The area studied is situated in the south-
ern foreland of North European inland glaciations, which
penetrated through the Moravian Gate to the main Euro-
pean watershed.

The study area involves the territory of southern
Moravia with the cities of Znojmo, Brno and Bfeclav and
is characterized by stratigraphically and palaeogeographi-
cally significant aeolian sediments, frequently overlying
river terraces. In the loess series, numerous palaeosols,
representing significant stratigraphic markers and palaeo-
climatic indicators are developed. While most papers
treated stratigraphical problems, little attention was paid
to the geochemistry of aeolian sediments. Now, the geo-
chemical investigation has brought some data which not
only complement the data hitherto acquired (transport di-
rection of aeolian sediments, distance of source areas,
etc.) but provide new data on the palaeoclimate of the
Pleistocene period and data permitting comparison of
loess accumulations in Moravia with those in other areas.

Methodology

The samples for geochemical study were taken from the
localities of Brno-Cerveny kopec (CK), Botetice (BOR),
Sedlec near Mikulov (SM), Pavlov (PAV), Dolni Véstonice
(DV), Znojmo (ZNO) and SedleSovice (SED). Geological

situation and stratigraphy were taken from papers by
Havlicek et al. (1994), Havlicek and Tyracek (1996) and
Adamova et al. (1997). The stratigraphic position of loess
samples is based on their relation to dated soil complexes
(PK in the text below, Lozek 1973, Smolikova in Némecek
et al. 1990). As for magnetostratigraphy, most loess se-
quences were dated to the Brunhes Epoch. The Brunhes-
Matuyama boundary (0.78 Ma) was established in strata
underlying soil complex PK X (Brno-Cerveny kopec).
Spot samples (500-700 g) were taken for the study of
chemical composition. All analyses were carried out in the
laboratories of the Czech Geological Survey in Prague.
These included complete silicate analyses, determination of
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Fig. 1. A sketch of selected loess occurrences in southern Moravia, sub-
jected to mineralogical and geochemical study.
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Fig. 3a. Sedlec near Mikulov. Loess sequence in a north-south-trending cut in a vineyard NE of Sedlec.
1 — loess, in places redeposited; 2 — youngest loess; 3 — fossil soil horizons A and B; 4 — carbonate hori-
zons; 5 — pedocomplexes in sections A to D; 6 — mineralogical and chemical analyses
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Fig. 3b. Sedlec near Mikulov. A sketch of an east-west-trending cut in a vineyard NE of Sedlec.
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1 —loess; 2 — humic, initial soil horizons (Upper Pleistocene); 3 — horizon B of rubified braunlehm; 4 — soil

sediments; 5 — greyish-green clays (Badenian); 6 — landslides; 7 — mineralogical and chemical analyses
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~ Fig. 2. Idealized scheme showing the
Quaternary deposits at Brno-Cerveny kopec
(Red Hill) in relation to the ““Younger grav-
el sheet” (after Zeman 1979, 1992).

1 — pre-Quaternary rocks; 2 — fluvial terrace
with the base at 70 m; 3 — older sand and
gravel sheet; 4 — younger sand and gravel
sheet (Tufany terrace); 5 — fluvial sand and
gravel deposited after the Brunhes/Matu-
yama reversal; 6 — fluvial sand and gravel
(Middle Pleistocene, Mindel?); 7 — doubled
Modfice terrace (Middle Pleistocene, Riss);
8 — fluvial gravel and sand (Upper
Pleistocene); 9 — loess loam and paleosols
developed before the Jaramillo Event; 10 —
loess and fossil soils postdating the
Jaramillo Event; 11 — ferreto; 12 — well-de-
veloped ferreto; 13 — semiterrestrial pale-
osol; 14 — well-developed semiterrestrial
fossil soils; 15 — colluvial sediments; 16 —
cryoturbation; 17 — pedocomplexes (PC);
18 — mineralogical and chemical analyses

a standard set of trace elements
by X-ray fluorescence spectral
analyses — As, Cr, Cu, Nb, Ni,
Pb, Rb, Sr, Ti, U, V, Zn, Zr (M.
Pelikdnov4) and optical emission
analyses — Ag, B, Be, Bi, Cu, Co,
Ga, Mo, Pb, Sn (E. Mrazova).
Determination of rare earth ele-
ments (REE) was carried out by
ICP method (La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu, Y) — Perkin Elmer Plasma II
(Emission spectrometer). Mineral
compositions of samples were
studied by X-ray diffraction
phase analysis (X-ray diffrac-
tometer X Pert-System Philips —
1. Haladov4).

Localities and stratigraphical
positions of samples

Locality Brno-Cerveny kopec
(CK - see Figs 1, 2)

sample 1 (CK 2) light brown mi-
caceous loess with mollus-
can fauna and big nodules
sample taken below PK X

sample 2 (CK 6) light brown
loess with big fragments of
mica, pebbles of red quartz,
nodules 5 x 10 cm and mol-
luscan fauna
sample taken above PK X
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sample 3 (CK 8) ochreous brown to beige loess
sample taken close below PK IX
sample 4 (CK 9) ochreous brown loess with abundant
quartz detritus and abundant molluscan fauna
sample taken 2 m above PK IX
sample 5 (CK 10) light ochreous brown strongly calcare-
ous loess
sample taken from the bed directly underlying PK VIII
sample 6 (CK 12) ochreous brown mica loess
sample taken above PK VIII

Locality Sedlec near Mikulov (SM — see Fig. 3a, b)

sample 7 (S 1) ochreous brown, probably secondarily de-
calcified loess
sample taken below PK VII

sample 8 (S 3) ochreous brown decalcified loess
Upper Pleistocene

sample 9 (S 5) ochreous brown loess with big nodules
sample taken below PK VII — Middle Pleistocene

sample 10 (S 7) light brown loess with nodules
sample taken below PK VII

sample 11 (S 9) light brown, strongly micaceous loess
sample taken above PK VII

sample 12 (S 11) light brown, probably secondarily decal-
cified loess
Middle Pleistocene

sample 13 (S 13) light brown decalcified loess
Middle Pleistocene

sample 14 (S 15) light brown to brown-ochreous loess
with small nodules
allochthonous position (age ?)

Locality Dolni Véstonice (DV — see Fig. 4a, b —
section “Calendar of Ages”)

loam pit,

sample 15 (V 1) light brown, decalcified loess (carbonate
content 0.86% only — mainly dolomite)
sample taken from parabrownearth in PK III

sample 16 (V 3) light brown, weakly calcified to decalci-
fied loess (1% dolomite)
sample taken below the cultural layer of Pavlovian —
below PK I

sample 17 (V 5) light brown to beige loess
sample taken above the cultural layer of Pavlovian —
above PK 1

sample 18 (V 6) whitish beige calcareous loess
sample taken above PK I

sample 19 (V 7) light brown loess
sample taken above PK III

sample 20 (V 8) light brown to beige loess with whitish spots
sample taken below PK III (Middle Pleistocene)

sample 21 (V 9) light brown to beige loess
sample taken below the Chernozem palaeosol dis-
placed by solifluction

sample 22 (V10) light brown to beige loess, in places with
calcareous coatings

o[101]

+ [
5=

5[17111

OO0
7 B

==-a
—PKI{ TT@J
UJJJJJAAAALLLLKEDEJ

10 4 ;s‘\1\§1‘s§1%1‘x_e gﬁz;:]
m—f 7
V7 11

IS
IIIIIIIII|I|| x|V 1 Sibiod
13|:0-0O-

]
RRRRRRR IR I [o

154 V..o e
s e[ P
O
RSER X xV1
PKIV RS X 17
20 5 =
25 A
PKV? @N
})}/g/ a—15350+ 1000 BP
g0 b — 18 400 + 700 BP
35 MR INSUS ¢— 25020 + 150 to 26 730 + 250 BP
. d - 28 300 + 300 to 29 000 + 200 BP
e—> 34000 BP
f—>50 000 BP
45 - g->S1000BP

Fig. 4a. Dolni Vé&stonice, abandoned brickyard, main wall with “Calendar
of ages”.

1 — A-horizon of humic soil; 2 — loess; 3 — initial fossil soils; 4 — Cherno-
zems; 5 — soliflucted loess; 6 — Bi-horizon of parabrownearth; 7 — gB¢-
horizon of soil; 8 — soil sediments; 9 — slope (colluvial) sediments;
10 — clay-dominated slope sediment; 11 — soil sediment with limestone
fragments; 12 — brown soil horizon A/B; 13 — fluvial sand and gravel (40 m
terrace of the Dyje River); 14 — fluvial sand; 15 — pre-Quaternary base-
ment; 16 — Palaeolithic artifacts; 17 — mineralogical and chemical analyses

mO -
154
2.5
- Fig. 4b. Dolni Véstonice, aban-
doned brickyard, opposite wall 35+
(see Fig. 4a).

sample taken above the Chernozem of PK II, strongly
affected by solifluction

Locality Znojmo (ZNO - see Fig. 5)
sample 24 (ZN 1) ochreous brown, strongly calcareous

loess
sample taken below PK IV (Middle Pleistocene)
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Fig. 5. Znojmo, abandoned brickyard near the crossroads of Znojmo-
Brno and Vranov nad Dyji.

1 — Chernozem of Holocene Age; 2 — loess; 3 — initial soils; 4 —
palaeosols; 5 — palaeosols with infiltrations; 6 — Ca-horizon; 7 — mole-
chambers; 8 — younger sand and gravel sheet (Lower Pleistocene); 9 —
sandy clays (Tertiary?); 10 — infiltrations displaced by solifluction and
filled with younger sands; 11 — samples for micromorphological study,
numbers of their sections; 12 — analyses of lithology of pebbles; 13 —
mineralogical and chemical analyses
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sample 25 (ZN 2) ochreous brown, strongly calcareous
loess with white coating
sample taken above PK IV
sample 26 (ZN 3) ochreous brown, disintegrated, strongly
calcareous loess
sample taken below the youngest loess
sample 27 (ZN 4) light brown loess
sample taken below the youngest loess (? PK I)
sample 28 (ZN 5) ochreous brown, disintegrated sandy loess
sample taken below PK IV (Middle Pleistocene)
sample 29 (ZN 6) brown calcareous loess
sample taken above two A-horizons, over PK IV

Locality SedleSovice (SED — see Fig. 6)

sample 30 (SE 2) ochreous brown loess
Upper Pleistocene

sample 31 (SE 1) ochreous brown, weakly calcareous loess
Middle Pleistocene

Locality Boftetice (BOR — see Fig. 7)

sample 32 (B 2) light yellow ochreous loess

sample taken below the oldest palaeosol PK VII
sample 33 (B 3) light brown to beige loess (finer in com-

parison with sample 32)

sample taken above PK IV (Middle Pleistocene)
sample 34 (B 4) light brown loess

Upper Pleistocene

Locality Pavlov (PAV — see Fig. 8)

sample 35 (P 1) yellowish brown, strongly calcareous
sandy loess
sample taken below the palaeosol, Upper Pleistocene
sample 36 (P 2) greyish brown loess
sample taken above the palaeosol, Upper Pleistocene

NE
r70

60 Fig. 6. SedleSovice, loess cut behind

garages (after Smolikovd and Zeman
50 j982).

1 — granodiorites; 2 — clays (Miocene); 3
2740 _ younger sand and gravel sheet (Lower
Pleistocene); 4 — blocks of rock; 5 —
30 coarse-grained fluvial sand and gravel; 6
— fluviolacustrine clays and silts; 7 — flu-
r20  vial sandy gravel; 8 — colluvial sedi-
ments; 9 — soil sediment and subfossil
+10  soils; 10 — loess; 11 — sands and gravels
mixed with anthropogenic material; 12 —
I 0 talus; 13 — ferreto; 14 — carbonate hori-
zons; 15 — mineralogical and chemical
analyses
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Mineral composition
of loesses

Generally higher contents of
carbonates, attaining the values
of 16 to 40%, were found in
loesses from the surroundings of
the cities of Znojmo and Pavlov
(Table 1). The presence of
dolomite in the carbonate admix-
ture is characteristic for the loess
from Znojmo, for some samples
from DV (samples 19 and 21)
and BOR (in particular sample
32 loess < PK VII). Dolomite is
practically absent from the car-
bonate component of Pavlov
loesses. Minimum contents of
dolomites were established in
loesses of SM and SED. Higher
amount of plagioclases was
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Fig. 7. Bofetice, reclamation cut on a field.

found in loesses from DV (sam-
ples 16, 17, 19 and 22), SM
(samples 12 and 13) and ZNO
(samples 27 and 29). K-feldspar
is almost absent from loesses
from PAV and ZNO or present
only in traces. Kaolinite in small
amount was established in loess-
es from DV (samples 18 and 19)
and, in small to medium
amounts, in loesses from PAV.
Smectite generally appears in
small or trace amounts only. The
relatively highest content of
smectite has been found in loess-
es from SM (samples 7, 8, 9, 12),
SED (sample 31) and PAV (sam-
ples 35 and 36). The lowest con-
tents were found in loesses from
CK (except sample 6), DV (ex-
cept samples 18 and 19) and
ZNO (except samples 24 and

1 —loess; 2 — carbonate rocks; 3 — soil horizon of loamy rotlehm; 4 — soil horizons of loamy braunlehm; 5
— soil horizons affected by solifluction; 6 — clays and fragments of rotlehms redeposited by solifluction; 7
— humic soil sediments; 8 — reddish-brown soil horizons; 9 — humic soil horizon; 10 — mineralogical and
chemical analyses

1@ 2|LL| 3|I@I 4|‘-‘§| 5|®| el'@l 7|?_A—| 8|XP1| 9|®1 |

Fig. 8. Pavlov, road cut, direction to Klentnice.

1 — colluvio-eolian sediments and loess with debris of Jurassic carbonate rocks; 2 — loess; 3 — Chernozems;
4 — talus; 5 — mole-chambers filled with loess; 6 — mole-chambers filled with Chernozem; 7 — colluvial
stony-loamy sediments; 8 — mineralogical and chemical analyses; 9 — micromorphological determination
of paleosols

25). The contents of mica miner-

als are generally small, exceptionally medium (this con-
cerns mostly very young, Upper Pleistocene loesses — sam-
ples 10, 22, 27 and 34). Flysch sediments or even Karpatian
rocks can be considered the source rocks of illite.

The presence of haematite was established in loesses
from CK, DV, BOR and in older loesses from SM. Besides
haematite, goethite is also present (Frechen et al. 1999, Wen
et al. 1997). Anatase was found only in loesses from ZNO,
PAV and DV (samples 19, 20, 21, 22). Amphibole is present
in loesses from PAV, ZNO, DV and CK (except sample 1).
The mineral composition of heavy fraction was determined
in two samples from DV (samples 20 and 21) and four
samples from ZNO (samples 26-29). Loesses from the two

localities differ in particular in higher proportion of mag-
netite and titanite in the Znojmo samples. The Znojmo loes-
ses (samples 26-29) contain chlorite and, with the exception
of sample 26, no K-feldspar was found. No K-feldspar is
present in the loesses from DV; nevertheless, chlorite is
present in very low amounts or only in traces (Tab. 2).

Geochemical characteristics of loesses
Besides mineralogical studies, the attention was also

given to the bulk chemical compositions of the loesses
studied. The results of chemical analyses are given in

33



Marie Adamovd — Pavel Havlidek — Vladimir Sibrava

Table 1. Mineral composition of loesses.
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& | Locality o & [ i = % @ R &) O A I < <
1| Brno-Cerv. kopec | CK2 | 55-60 | ~10 + + (+) + 1.5 + tr tr
2| Brno-Cerv. kopec | CK 6 | 4548 | 11-12 + + (+) + 10 + + tr
3| Brno-Cerv. kopec | CK 8 | 3941 | ~10 + + (+) + 19.1 ++ + tr (+)
4| Brno-Cerv. kopec | CK9 | 48-50 | 12-14 | +(+) (+) tr +(+) 13.2 +(+) +
5| Brno-Cerv. kopec | CK 10 | ~40 ~10 + + +) +) 25.6 | +++ +) tr
6| Brno-Cerv. kopec | CK 12 | 42-45 | 13-15 + + + +(+) 9.5 +(+) + tr tr
7 | Sedlec u Mikulova | S 1 45-47 | 10-11 + + + ++ 0.2 tr
8 | Sedlec u Mikulova | S 3 52-55 | 12-14 | +(+) + + + 0.2 tr
9 | Sedlec u Mikulova | S 5 51-53 | 10-11 + + + +(+) 3 + tr (+)
10 | Sedlec u Mikulova | S 7 4244 | ~10-11 + (+) (+) ++ 15.1 ++ + tr
11| Sedlec u Mikulova | S 9 ~35 ~10 +) + (+) (+) 24.5 +++ (+)
12 | Sedlec u Mikulova | S 11 48-50 | 13-15 + + +(+) +(+) 04
13 | Sedlec u Mikulova | S 13 40-42 | 12-13 + + tr—(+) + 10.9 ++ tr
14 | Sedlec u Mikulova | S 15 41-43 | 12-13 + + (+) +(+) 11.1 +(+) + tr tr
15 | Dolni Véstonice Vi ~60 | 12-14 + (+) (+) + 0.9 + tr
16 | Dolni Vé&stonice V3 ~50 | 15-17 + +(+) (+) +(+) 1 + tr tr
17 | Dolni Véstonice V5 50-52 | 15-17 + + (+) + 8.6 +(+) + tr tr
18 | Dolni Véstonice Vo6 4244 | 12-13 + + + (+) 18.1 ++ +(+) (+)
19 | Dolni Véstonice Vi 50-53 | 12-14 + + + + 8.2 ++ (+) tr (+)
20 | Dolni Vé&stonice V38 44-47 | 11-13 + + (+) + 14.8 ++ + tr tr
21 | Dolni Vé&stonice Vo9 45-48 | ~13 + + (+) tr 15.5 ++ +(+) tr
22 | Dolni Vé&stonice V10 | 4547 | 13-15 tr +(+) (+) (+) 10.6 ++ st tr tr
24 | Znojmo brickyard | ZN1 | 28-30 | 8-9 tr + + 32.8 +++ ++ tr
25| Znojmo brickyard | ZN 2 | 24-27 | 10-11 (+) + + 29.1 +++ +(+)
26 | Znojmo brickyard | ZN3 | 30-33 | 12-13 + + (+) +) tr 20.5 ++ ++ tr tr
27 | Zbnojmo brickyard | ZN 4 | 31-33 | 13-15 +(+) (+) + 14.7 +(+) +(+) tr +
28 | Znojmo factory ZN 5 34-36 | 10-12 + (+) + 18.2 +(+) ++ (+)
29 | Znojmo factory ZN 6 | 30-33 | 13-15 tr + (+) + 16.2 +(+) ++ tr (+)
30 | Sedlesovice SE 2 35-36 | 12-13 + + (+) st 15.6 ++ +
31 | Sedlesovice SE 1 50-52 | 12-14 + + +(+) st 1.4
32 | Bofetice B2 45-47 | 9-10 + + + + 13 +(+) +(+)
33 | Boretice B3 48-50 | 12-13 + + (+) + 10.2 +(+) + tr
34 | Bofetice B4 45-48 | 11-12 + +(+) (+) + 13.2 ++ +
35 | Pavlov Pl 25-28 | 7-8 (+) + +(+) 40.3 | +++++ tr tr
36 | Pavlov P2 36-38 | 10-11 + +(+) +(+) 16.3 +++ tr tr tr
Table 3 and their diagrammatic
interpretation in Figs 9-15. As
0.35 indicated by the contents of
| 2 Ca0, MgO, Al>,O3 and the pro-
v portions  CaO/AlLbO3  vs.
030 . MgO/ALOs (Fig. 9), loesses
2 from ZNO, BOR and partly
i % from DV have a relatively high-
L 05l 7 % v er content of dolomite in their
Q Yo 2 carbonate admixture. Loesses
g L vy v ® from CK and SM show lower
) 11{ B 4 Al 11 dolomite contents, the carbon-
= 020 W, v v .
0 4 3 ; ates in loesses from PAV are
B 2 2 v represented only by calcite. A
M distinctive difference in the
015, 3/v1/16 1913 contents and composition of
'12 3 ¥ ki carbonate admixture can be ob-
" vis served even in the Upper
010 8? 1 A A A A A A A A A A Pleistocene loesses. The loesses
0 0.5 1 1.5 2 25 3 35 from SM (sample 8) and DV
CaO/Al203

Fig. 9. CaO/Al>03 vs. MgO/Al>,O3 diagram.

34

(sample 15) are probably sec-
ondarily decalcified; in con-
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Table 2. Mineral composition of the heavy fraction of selected loesses.

magnetic fraction

non-magnetic fraction

Sample No.
Haematite

Locality

Chlorite
Zeolite
Sillimanite
Amphibole
Anatase

Mica

20 | Dolni Véstonice
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26 | Znojmo brickyard +(+) tr

+ [ |+ | F-apatite
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+
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27 |Znojmo brickyard | ZN4 | ++ +) (+) tr

tr ZN4 | +(+) | ++ (+) (+) +

28 | Znojmo factory +(+) tr tr tr

tr (G) ) | +H) | () tr (NN INGD)

+ |+ |+ |+ |+ |+ | Amphibole

29 | Znojmo factory +(+) + | tr

tr ZN6 | +(+) +) tr +) (+)

tr — traces, (+) — very low content, + — low content, ++ — medium content, +++ (and more) — high content

trast, loesses from BOR (sample 0.40

34) and DV (sample 19) are -
strongly calcareous with con-
siderable dolomite content. The
Middle Pleistocene loesses tak- B
en from the horizon below PK
IIT in DV (sample 20), from the
over- and underlying strata of
PK IV in ZNO (samples 24. 25,
28, and 29) and loesses from the
same localities sampled above
and below PK I are more cal-
careous with considerable
dolomite content.
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According to the SiO; and
alkali content — SiO vs. K0 +
Na,0O/AlbO3 diagram (Fig. 10) —
the most similar are Upper

Fig. 10. SiOz vs. K2O + NaxO/AlxO3 diagram.

Pleistocene loesses from DV 75
(sample 15) and SM (sample 8). B
The Upper Pleistocene loess 70 -
from BOR (sample 34) has a -
higher alkali content as well but 65
the SiO> content is lower. L
Except for sample 19 the loess-
es from DV have generally a
higher content of alkalies. A rel-
atively higher SiO> content was
proved in the oldest loesses 5ol 3
from CK and SM. '
Loesses from ZNO differ
markedly from those with a
higher Mg content and lower B

6.0 -

SiO2/Alo03

5.5 |

proportion of free SiO; (quartz) 4.0
— see the sum Fe2O3 +MgO vs.
Si02/AlLO3 diagram (Fig. 11).
Loess from SED (sample 30)
belongs to these loesses as well.
The loess exposed in the lateral section of SM (sample 7)
differs considerably from the oldest loess of the main sec-
tion (sample 9). All loesses exposed in the main exposure
except for the redeposited loess (sample 14) are charac-
terized by lower Fe and Mg contents and by higher
amount of quartz. Similar are the DV loesses with lower

sum Fe203 + MgO (%)

Fig. 11. FexO3 + MgO vs. SiO2/A1O3 diagram.

Fe and Mg contents and a higher proportion of quartz (ex-
cept for loess samples taken below the cultural layer of
Pavlovian). Loesses from CK can be subdivided into two
groups — the oldest loess (sample 1 below PK X) and the
loess below PK VIII (sample 5) contain the lowest
amounts of Fe and Mg and a higher amount of quartz;
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Mineralogy and geochemistry of loesses in southern Moravia

A

other loesses exposed at this locality have
higherand similar Fe and Mg contents.

relatively high basicity of the source material of

the studied loesses corresponds with loesses
from ZNO and SED (sample 30). The most acid

character of the source material was observed in
loesses from DV and CK (samples 1 and 5).

AlO3/NaxO vs. KoO/NayO ratios (Fig. 12)
indicate chemical and mineralogical “maturity”

of the sediment (Pettijohn 1957). The far lowest
maturity values were observed in loesses from
DV. A higher maturity degree was established

in older loesses from CK and SM. Both locali-
ties, as well as BOR, indicate a distinctive de-

cline of maturity towards the overlying strata
and younger loess. Older loesses of the main

section in SM (samples 9 and 10) generally cor-
respond to the position between PK IX and PK
VIII in loesses from CK. The Znojmo loesses
were, with the exception of one sample, taken

below PK IV (sample 24) chemically and min-

localities of CK, SM, BOR and SED. Similarity
of some Upper Pleistocene loesses (samples 8,

eralogically less mature than loesses from the
15 and 34) is clearly shown in Fig. 12.

Low TiO2/Al,03 ratios and especially
Zr/AlbO3 ratios — see TiO2/AlbO3 vs. Zr/Al,O3

diagram (Fig. 13) — differentiate loesses from
ZNO and PAV from the other samples.

Generally more basic character of ZNO loesses
may be influenced by the presence of basic and

schists and gneisses, basic and ultrabasic rocks
from the surroundings of Znojmo and Moravsky

ultrabasic rocks in the source area (besides
Krumlov are also present in the source materi-

al). The Bofetice loesses indicate higher values

of the Zr/Al,Os ratio. No substantial difference

in the values of this ratio can be found between
the youngest loess from CK (sample 6 — over

PK VIII) and the oldest loess from BOR (sam-
ple 32 — below PK VII). Higher values are evi-

denced in some loesses from CK (samples 1, 4
and 5) and in the oldest loess in the main section

at Sedlec (sample 9). A different situation was

observed in the Upper Pleistocene loesses. The
highest values of this ratio were established in
DV (sample 15). A comparison of the oldest

loesses in SM (sample 7 — lateral section, and

sample 9 — main section) showed mutual differ-

ences between the two loesses. The loess from
the lateral section has a considerably more basic

source than that of the main section.

The most distinctive predominance of Fe
and Al over alkalies (Fig. 14) — values of the

(ALLO3 +Fex03 T)/(NaxO + K»0) ratio — the so-

called weathering index, was found in the loess-
es from the PAV locality (5.83 and 5.56 for
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samples 35 and 36), in the oldest loesses from CK (5.29
and 5.08 for samples 1 and 2), SM (5.43, sample 7) and
loesses from ZNO (5.71, 5.22, 5.11 for samples 24, 25,
26). Weathering index of the Upper Pleistocene loesses
ranges mostly between 4.25 and 4.6. Generally, the low-
est degree of weathering was found in loesses from DV
(3.83-4.6) and in young loesses from CK taken from the
horizon overlying PK IX (4.18-4.56). The value of 3.5 is
given in literature for entirely non-weathered loess (Pye
1987). As the alkalies are concerned, no considerable re-
lation to the carbonates or SiO» was found.

Loesses from DV (except sample 17) and SED are
characterized by higher values of negative Eu anomaly
(Tab. 4). Loesses from localities SM (samples 9 and 11)
and CK (sample 4 — below PK VIII) can be attributed to
this group as well. It is evident in general that the loess
samples taken below PK III (DV - sample 20) and over
PK III (DV - samples 15 and 19, SM — sample 8, BOR —
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sample 34) have a more promi-
nent negative Eu anomaly. An
expressive Eu anomaly corre-
sponds to a more acid character
of the source material.

As stated above, the most
basic source material is repre-
sented by loesses from PAV and
ZNO (Fig. 15). Sample 28 taken
below PK IV represents an ex-
ception, much like samples 20
and 21 from DV. They belong
to loesses with the most acid
source material. Loesses of
Upper Pleistocene age from the
localities of DV (samples 15
and 19), SM (sample 8) and
BOR (sample 34) are character-
ized by relatively more acid ma-
terial as well. Loesses of the
main section in SM manifest an
increase in basicity towards the
overlying strata (sample 9 to
sample 14). In the exposure at
Cerveny kopec, the basicity of
material increases towards the
overlying strata as well (loesses
below PK X, above PK X and
above PK IX — samples 1-3).
This is followed by a change in
loesses sampled 2 m above PK
IX and below PK VIII (sample
4 and sample 5 — more acid ma-
terial) and finally by a more ex-
pressive shift towards higher

basicity of source material ob-

served in the loess cover sam-

pled above PK VIII (sample 6).

The FeO/Fe»Os ratio reflects

redox conditions at the time of the origin of loesses and
palaeosols (Lukachev 1961). Wen et al. (1985, 1997) ap-
plied an inverse approach — they called the Fe>O3/FeO ra-
tio the “oxidizing degree” where a higher value corres-
ponds to a warmer climate and a lower value to a colder
one (high temperature causes decomposition of organic
material and formation of Fe>O3). Values of this ratio in
the loesses studied (Tab. 4) indicate that a relatively
warmer fluctuation corresponded to the period of loess
formation in CK with the exception of loess sampled
above PK VIII. This loess cover is similar to that of BOR,
sampled below PK VII (sample 32) and to that of SM
(sample 10), sampled also below PK VII. Values of the
Fe>O3/FeO ratio range between 8.3 and 11.5 here. In
Sedlec, the oldest loesses could have formed during a rel-
atively warmer period (samples 7 and 9), much like loess
sampled between B/II and CI (sample 12) with Fe,O3/FeO
values of 20-36. A relatively cooler temperature fluctua-
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ments of the Karpatian and of the
Zdénice-Hustope¢e Formation
of the Zdénice Unit.

Loesses from Znojmo differ distinctly from other
loesses in higher contents of Fe and Mg and a lower pro-
portion of quartz. Loesses from Dolni Véstonice contain
less Fe and Mg and have a higher quartz content.

The definitely lowest degree of mineralogical and
chemical maturity was found in loesses from Dolni
Véstonice. Higher maturity was established for the Middle
Pleistocene loesses from Cerveny kopec and Sedlec. Loess
sections at both these localities, much like at Bofetice,
clearly show an upwards decreasing degree of maturity.

Generally the lowest degree of weathering (weather-
ing index) was found in loesses from Dolni Vé&stonice and
younger loesses from Cerveny kopec and Bofetice. The
highest values of weathering index were established in
loesses from the localities of Pavlov and Znojmo, in the
oldest loesses from Cerveny kopec (samples 1 and 2) and
Sedlec near Mikulov (sample 7).

Loesses sampled at Dolni Véstonice, SedleSovice,
Boretice (sample 33) and Upper Pleistocene loesses (Dolni

Fig. 15. V/Zr vs. Ti/Zr diagram.

Véstonice — samples 15 and 19, Sedlec — sample 8, Boret-
ice — sample 34) show a prominent negative Eu anomaly.

Loesses from Znojmo and Pavlov indicate the highest
basicity of source material. Exceptional in this respect is
sample 28 (taken below PK IV), belonging among loess-
es with a more acid character of source material, such as
those from Bofetice and SedleSovice. A relatively more
acid material was also found in the Upper Pleistocene
loesses from Dolni Véstonice (samples 15 and 19), Sedlec
(sample 8) and Boftetice (sample 34). The character of ma-
terial in loesses near Znojmo may be influenced by occur-
rences of metabasites in the area of Znojmo, Vranov,
Moravsky Krumlov and Ivancice (implying a direction
from the W, NW, NE). This concerns particularly serpen-
tinite bodies, amphibolites and eclogites.

A relatively warmer climatic fluctuation corresponds
to the period of loess formation at the locality of Brno-
Cerveny kopec, with the exception of the loess cover sam-
pled above PK VIII (sample 6). This sample was similar
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Table 4. Values of ratios of selected elements in the loesses studied.

Sample| SiO»/Al,O3 Fex03/FeO (La/Yb)N Eu/Eu*
1 6.42 33.1 7.32 0.59
2 5.34 11.1 7.32 0.58
3 5.48 21.0 7.57 0.70
4 5.93 17.4 7.22 0.51
5 6.32 40.4 6.87 0.56
6 5.52 9.0 7.95 0.69
7 5.43 20.0 7.81 0.57
8 6.31 19.9 7.85 0.55
9 6.19 22.5 7.60 0.53

10 6.03 8.3 8.13 0.61
11 5.87 5.5 7.50 0.56
12 5.82 36.6 7.92 0.62
13 5.59 16.5 7.89 0.57
14 5.66 5.5 7.70 0.64
15 6.96 17.6 9.84 0.54
16 5.92 59 7.77 0.54
17 6.89 5.0 8.27 0.57
18 6.32 2.7 6.05 0.53
19 6.38 4.4 6.50 0.48
20 6.61 3.0 4.93 0.52
21 6.46 29 5.09 0.51
22 6.10 2.8 6.45 0.50
24 4.78 4.4 8.45 0.53
25 4.53 4.8 9.0 0.57
26 443 29 7.06 0.56
27 4.54 2.5 5.90 0.56
28 5.19 2.7 5.66 0.54
29 4.65 3.1 6.81 0.57
30 5.05 6.0 8.04 0.47
31 5.94 16.3 8.98 0.53
32 6.23 11.5 6.24 0.57
33 6.43 8.5 13.94 0.50
34 6.24 8.0 14.28 0.54
35 5.07 4.2 6.06 0.53
36 5.28 32 6.08 0.56

N = chondrite-normalized

to loesses from Boftetice (sample 32) and Sedlec near
Mikulov (sample 10). The oldest loesses from Sedlec near
Mikulov (samples 7 and 9) and those sampled between
B/II and C/T (sample 12) were deposited under relatively
warm climatic conditions. A relatively colder oscillation
corresponds to the period of loess formation at the locali-
ties of Znojmo, Pavlov and Dolni Véstonice with the ex-
ception of loess sampled within PK III (sample 15).

Discussion and conclusions

The most basic material was found in loesses from
Znojmo. The composition of these loesses may be influ-
enced by the presence of metabasites in the area of
Znojmo, Vranov, Moravsky Krumlov and Ivancice (im-
plying a direction from the W, NW and SW). The Middle
Pleistocene loesses from Bofetice (loess overlying PK
VII) and SedleSovice, loesses sampled below PK III
(Dolni Véstonice — sample 20 and Znojmo — sample 28)
and — to some extent — the Upper Pleistocene loesses from
the localities of Dolni Véstonice (samples 15 and 19),
Sedlec near Mikulov (sample 8) and Boftetice (sample 34)
belong to loesses with a more acid character of source ma-
terial. At the Brno-Cerveny kopec locality, the increase in
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basicity upwards was observed at the beginning; then, be-
tween PK VIII and PK IX, the character of the material
changes and becomes more acid. The loess cover overly-
ing PK VIII shows again a higher proportion of basic
components. This loess is very similar to that from the lo-
calities of Sedlec near Mikulov sampled below PK VII
(sample 10) and to some extent to the loess below PK VII
at Boftetice (sample 32). A certain parallel can be drawn
between the loess cover underlying PK VIII at Sedlec near
Mikulov and loesses sampled below PK VIII from Cer-
veny kopec (samples 4 and 5). The above mentioned dif-
ferences in the character of source material indicate pro-
nounced changes in prevailing wind directions.

A comparison of the principal studied components of
Moravian loesses as described by Galet et al. (1998),
namely SiO», AlbO3, K20, Na,O and P»>Os, shows a high
similarity with other European loesses (France, Great
Britain). If compared with the composition of the upper
continental crust (Taylor et al. 1983, McLennan 1989) and
of loesses from China, Argentina and Siberia, the
European loesses including those from southern Moravia
have lower contents of Al, Na and K. The (La/Yb)n val-
ues range between 5 and 10 (mostly between 6 and 8) and
correspond to those given by Galet at al. (1998) for French
loesses. The Eu/Eu* ratio (calculated values of Eu anom-
aly) oscillating between 0.47 and 0.69 (with prevailing
values 0.52-0.59) in Moravian loesses corresponds to the
data given for European loesses as well.

The present research permitted to draw some conclu-
sions on the palaeoclimatic development of the area stud-
ied. The area itself is situated in the extraglacial zone
south of the outermost limits of inland glaciation, which
reached the main European watershed (between the Baltic
Sea and the Black Sea) near the town of Hranice during
the Elster and Saale glaciations. Climatic changes during
the Pleistocene period substantially affected the chemical
composition of loesses.

Palaeoclimatic conclusions are based on the study of
the index Fe,O3/FeO representing the “oxidizing degree”
introduced by Wen et al. (1997). The samples were taken
both from loesses deposited in the periods of inland
glaciations and those deposited at the time when the cen-
tral European area was ice-free. The results so far
achieved pointed to a surprising coincidence of climatic
changes and glaciations with “oxidizing degree” values.

In the sections studied, low values of oxidizing degree
were found in the Upper and partly in Middle Pleistocene
loesses. The lowest values (2.7-5.9) were established be-
low and above soil complex PK 1, where the horizon with
the value of 2.7 corresponds to loesses with prevailing
Collumela fauna, characteristic of the uppermost part of
the pleniglacial of the Last Glacial Stage. This corre-
sponds to the maximum of the last, Vistulian glaciation of
the North European lowland. During this glaciation the in-
land ice reached about 50 km south of Berlin. A higher
value of oxidizing degree found in the loess sample from
the basal part of the Last Glacial Stage (19.9) shows a rel-
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atively warmer climate, as also indicated by molluscan
fauna with Helicopsis strata (“warm” loess facies, cf.
LoZek 1973), when loess was deposited during a transi-
tional period between the Interglacial and Glacial Stage.
Higher values of the oxidizing degree (17.6) were en-
countered also in the sample taken from a thin loess hori-
zon separating two palaeosols of the Last Interglacial.
Here, an analogy was found with the finds of thermophile
fauna in comparable horizons described from several
European localities (Obermaier 1935, Wernert 1949,
Pelisek 1954), which even led to a discussion on the in-
terglacial origin of loesses (cf. LoZek 1973). However,
this horizon originated in a relatively short period of loess
sedimentation between two periods of soil-forming
processes in a non-glaciated area.

The values of FeoOs/FeO decrease again below the
palaeosol complex of the Last Interglacial, ranging be-
tween 2.7-4.8. No samples were acquired from the inter-
val between PK V and PK VI. Nevertheless, from PK VII
downwards the oxidizing degree values substantially in-
crease towards the Brunhes-Matuyama boundary, most
probably indicating the warming of climate. As a result,
values of 8.3—11 were established between soil complex-
es PK VII and PK VIII (Brno-Cerveny kopec, Sedlec near
Mikulov and Boretice localities) and reached 22.5 below
PK VIII (sample 9, Sedlec near Mikulov). The highest
value so far detected comes from below PK VIII: 40.4
(sample 5, Brno-Cerveny kopec). Rather warm conditions
during loess sedimentation are indicated by oxidizing de-
gree values separated by the oldest soil complexes PK IX
—PK X: from 17.4 below PK IX to 33.1 below PK X. The
lowermost horizon, highly probably, belongs to the
Matuyama Chron.

Results of the geochemical research so far achieved
are in agreement with climatic oscillations palaeontologi-
cally dated in the Upper Pleistocene. Palaeoclimatically,
loesses showing low oxidizing degree values are related to
inland glaciations of the European lowland. Higher values
were found in loesses deposited in glacial stages preced-
ing these glaciations and the highest values are referred to
the time span close to the Brunhes/Matuyama boundary or
to the immediately preceding period. According to
Obruchev (1948) loesses deposited in the periglacial zone
of a glacier belong to the so-called “cold loesses”. “Warm
loesses” were brought from desert areas during relatively
warm but not interglacial periods. We presume that loess
formation in southern Moravia was influenced rather by
the aridity of the region than by classical glacial condi-
tions, although their sedimentary environment has to be
further studied.

The present study has demonstrated the agreement of
geochemical data with some palaeontologically evidenced
climatic oscillations in the Upper Pleistocene, and pointed
out the differences between glaciated and non-glaciated
areas in the Middle and Lower Pleistocene. In the future,
attention should be paid to the study of palaeoclimatic
conditions in the period preceding inland glaciations of

the North European lowland, particularly within the
palaeomagnetic Matuyama Epoch. The conformity of re-
sults of geochemical study with palaeontological data and
inland ice advances opens the possibility of using geo-
chemical methods for the study of palaeoclimatic condi-
tions even where other methods usually fail.
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