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Cyclic Climatic Records in Loess-Paleosol Sequences
in Southeastern Transdanubia (Hungary) on the Basis
of Sedimentological, Geochemical and Malacological
Examinations
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ABSTRACT. The paper discusses the relation between geochemical characteristics of loess-paleosol sequences and paleoclimate
in southeastern Transdanubia, Hungary. Geochemical properties of the sediments reflect the intensity of weathering and pedo-
genesis, thus nine sediment types could be distinguished upon this basis. Analyses of the geochemical character af different
stratigraphic horizons allowed to reconstruct paleoclimatic trends. With the help of Quaternary-malacological investigations we
managed to identify several changes in the paleoecology and paleoctimate. The paleoclimatic trends reconstructed on the basis of
geachemical investigations show a good coincidence with the paleotemperatures calculated by malacothemometry for the last

300,000 years.
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Introduction

Quaternary sediments reflect environmental effects, which
played a crucial role in their development. Paleoenvironmental
conditions determined the mineral composition and the distri-
bution of chemical elements in loesses and in paleosols. Con-
sequently, the changes in mineral composition and geochemis-
try of sediments allowed the reconstruction of the dynamic
changes of the paleoclimate and the environment.

As the climate becomes warmer and more humid, the inten-
sity of weathering and pedogenesis increases. In warm-humid
periods the dissolution of carbonates increases, and so do
the formation of clay minerals, the accumulation of Fe O, ALLO,,
and the enrichment of several main components and trace ele-
ments,

On the basis of their lithological features, the loesses in
Hungary can be divided into two contrasting units: the “young
loess” and the “old loess™ series. The upper part of the young
loess series is designated “Dunatjvaros-Tépidsiily subseries”,
while the lower part is known as “Mende-Basaharc subseries”
{Pecsi and Richter, 1996)

Loess and paleosol profiles belonging to the young loess
series are exposed in a number of outcrops in southeastern Trans-
danubia. The Dunatjvéros-Tapiosiily subseries contains two hu-
mic horizons (h,, h,), while the two chernozem-like forest steppe
soil complexes (Mende Upper 1 and Mende Upper 11; Basaharc
Double | and Basaharc Double 11) and one well-developed for-
est steppe soil horizon of considerable thickness (Basaharc
Lower) are interlayered in the Mende—Basaharc subseries.

The aim of the systematic analysis of the Pleistocene se-
quences belonging to the “young loess series™ of southeastern
Transdanubia was to provide an accurate reconstruction of their
various depositional environments.

Methods

Sampling interval was 0.25 m in the sections, but thinner layers
were also sampled. After the determination of grain-size distri-
bution and carbonate content, we selected nearly 150 samples
for mineralogical and elemental analyses. The fraction under

71 um was analysed. X-ray measurements were used for
the determination of mineral composition, In case of 25 sam-
pies, the fraction under 5 pm was also examined; these samples
were treated with ethylene-glycol for determination of clay min-
erals. The caleite/dolomite ratios were determined using XRD.
Determination of carbonate and clay minerals was promoted by
thermoanalytical examinations. Inorganic carbon was removed
with HCI, and then organic carbon content was determined us-
ing LECO Carbon-Sulphur Determinator. For the determina-
tion of trace and major elements, destructive attack was per-
formed using HF-HCIO -HNO, mixture in a Teflon bomb un-
der high pressure. Al, Fe (total), Mn, Mg, Ca, Na, K, Li, Zn,
and Sr were analysed using flame AAS (Perkin Elmer 4100).
Cr, Rb, Ni, Co, Pband Cu were determined using graphite-tube
AAS (ZEISS), Si was measured by RFA, while Ti and P were
analysed spectrophotometrically (using the Tiron-method and
the molybdenum vellow method). Ba was determined using
1CP-AES. The AAS measurements were tested by the results of
RFA and ICP-AES measurements for several elements.

Results

On the basis of their mineral and chemical compositions deter-
mined by paleoclimatic conditions, it is possible to make dis-
tinction between loess and paleosol types that suffered differ-
ent degrees of weathering and pedogenesis (Hum and Fenyes,
1995; Hum, 1997, 1998).

As weathering and pedogenesis intensify, the grain-size dis-
tribution significantly shifts towards finer fractions at the ex-
pense of silt fraction. At the same time carbonate content de-
creases; it is high in weakly weathered loess, but has been near-
ly entircly dissolved from well-developed paleosols. Clay frac-
tion of the locsses is characterized by illite, chlorite and montmo-
rillonite content with a relatively low variation, while the clay
fraction of the paleosols is characterized by higher contents of
montmorillonite (smectite) and kaolinite relative to that of the
loesses. Along with the decrease in originally high carbonate
content, the low calcite/dolomite ratio (1:2) of the loess chang-



100

Ceolines 11 (2000)

2gsignificantly and Ingreasas 1o 21110 3:1 in paleosols, heover-
all carbopate content of which being very low.

Due to weathering and pedogenesis, the €a0, Mg, and Sr
contentsin the sediments decrease, while those o 8i0), TiO,.
AL, Fe, 0, MaD, Na, 0, K0, PO, and Li, Cr. Co, Ni, Cu,
Zn,. Rb, Pb, and DBa ingrease, When weathering intensifics,
the CatiiMe) and CaO+K O+Na O/ALD, fitlos Tuil, and
The K OMN, G ratio keeps growing. Geochemics] propetties of
1he sediments reftect the mtensity of weathernngand pedogenc-
ste, thus nine sediment types could be distinguished vpon this
basis,

The weakly weathiered {aess Tormed under cold and arid
climate. This is the group the least alfected by weathering.
Thy wearhered {oess was deposited under milder and mare hu-
mid vondifions, thus swenthering did influence 118 formition.
Mote intense wedthering, however, led to the formation of
stromgly. weathtered Joess. wiich can be imarpreted as humie
Juess ar embryenic seil as well In these cases, howeyer pedo-
pentsis was oot strmg encugh 1o develop nzal $oil horizon.
The strangly weithered loess displays intermisdiate genchemi-
<al and developmental chacacter between logss and paleosel,
The curbonate accumulaion korizons belong to the loess-like
depusite, The Mende Upper (MF) aitd Basahare Daubie (1313)
soil complexes wire formed die to strong pcdugxmc.r.ls under
mild and humid climate. The Basehare Lower (BA) and
the Mende Buse (MB) paleosols withess themost imense pedo-
genesis and weathering, and are agsociated with even warmer
and morg humid paleaclimiste o thi Mende Upper and Basa-
hitre Pouble sofl cofipléxcd.

Geothemical investigation of [oess-paleosol series repders
reconstruction of paleoclimatic teends possible, The lness vn-
der the Mende Base paleosol-complex belungs fo the weathered
loess group. The Mende Base paleosol representsthe sirongest
weathenmg and pedogenesis amang the nine studied sediment
wpes, The Toess undertying the Busabiare Lower prieosol be-
Iorgs (o the weakly weathered loess group The cold period.
Tavourdhle for tovss acctmulivion, was inteirupied by & warm.
humid period. resulting in the lormation olthe Basahare Lower
5011 hoeizon. The overtying weatherzd loess was deposited dur-
ing u period chnruewerized by couvling. Geochemical data from
the two soi) horizons of the following Busahure Double soil
complek argue Tor the same degree of pedogenesis which was
less intense thaa th ol BA palgosel The weathered lpess in=
terlayered between the Bosahare Doohle | and Basdhare Dan-
bl 11 soil horizods indicates thal the gmﬂmg between the two
atild and humid periods forming the soils was ot signifcant.
The sofl complex is overlain by sirongly weathered loess, indi-
caling graduate evoling in the profile, When the climmte. he-
came cold and dry ngain, weakly wientherad loess soeamubated.
Diring the following mild 2nd humid period, two chermpzem-

like forest steppe suil horizons foomed (Menide Upper sail com-
plex), The upper borizon nthe comples Mende Upper 1) sufr
fared more intense weathering than the lower ane (Mende Up-
per 1) Again, he paleosal complex is overlain by strongly
wealliered fpess, formed under cooler, still mild <limate

The overlying, weakly weatllicred lovss Hallmarks ihe last cald
and 1rid period. which avas inlerrupied by bwo milder mtervals,
as indicated by two humic loess horizons (h and h ),

With the help o Quatemary -malteulogival investigations
wi mamsiged 16 idennify several changes in the paleaecology
arid palevelimate of thearca of the “young loess senes” de-
pasits. The mean July temperatures were determined by
means of malacothermamelry, Paleogfimalic trends recon-
structed on the basis of geochemical nvestigulions show
5 pood eoincidence with the paleotemperatures caleulared
by malaee uhe:mcmur;. for the Middle and Upper Pletsiocene
(Fig. 1), Besides species living in bushy areas, typicatly for-
¢st species (Aegopinelle rossmannl, Emg nrantana, Riscus
ratundatis. Discus perspecrivus) sovld be jdemtitied m
the area, The relative abundange of warmsrequiring speeies
v a common feature vf the SE Transdanubia and the sauth-
ern pact of the Danibe=Tisa: Interflive. The avodige values
af the mein July temperatures determined by malacother
momiry were around 15-16 dagrees Cealsivs in the cuoling
periads. The climale reconstructed on the basis of mataco:
logical investigatiuns was mitder and e bomid tha that
idemtificd for the parthwestern aréas of Hungary, Theavergge
varlues of the mean July emperatises were generally 24 °C
higher than those in NW Hupgary, The loess and loesselike
deposils of The greg developed under milder sl more ho-
mid conditions than those al the central and northern part of
the Carpathion Basin. The vegemtipn cover in the arca was
generally, mueh more closed, witly bushy and forest surfaces
in the riny sleppe environment, Becaose of the milder cli-
mate and the higher veuetation covet, aces of the signidi-

éant conling periods of the Upper Wirmian (Pupilla sterri

zoptdal eould not be detectd,
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