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Plio-Pleistocene silt/clay-rich deposits and paleo-karst fissure sediments from sites of

the northern and southern parts of the Carpathian Basin were investigated. These

materials were supposed to be mixed during transport before being captured in karstified

fissures. Evidence that the eolian fissure sediments of Plio-Pleistocene age in the

older Triassic–Cretaceous limestones are derived from eolian silt and clay includes

compositional and textural matches, especially decreasing grain-size trends observed

downwards from the paleo-surface of the former landscape. Various environmental

factors could be recognized by the statistical evaluation of grain-size distribution curves

of fissure fillings sediments, such as the effects of eolian transport, parent rock type,

weathering, and other sediment transport processes. Grain-size distribution curves with

a single maximum in the silt size range are typical for the overlying siltstone debris, for

the redeposited loess and red paleosol underlying the loess. Red clay fissure fillings yield

bimodal grain-size distribution curves with maxima both in the clay and silt fractions. The

research reported in this paper identifies for the first time the presence of eolian deposits

in karst fissures of the Carpathian Basin and investigates the characteristics and origin.

Keywords: eolian sedimentation, clay, paleosol, karst, Pliocene, Pleistocene, Carpathian basin

INTRODUCTION

Granulometry based on laser diffraction is a fundamental technique widely used in eolian sediment
research (Tsoar and Pye, 1987). Substantial accumulations of silty wind-blown dust require a
source of silt and clay particles, transport media (prevalent winds of adequate energy), climate, and
sediment traps (Tsoar and Pye, 1987; Evans and Reed, 2007; Kok et al., 2012; Újvári et al., 2016). The
rate and distance of eolian transportation strongly depend on grain ability and availability (grain-
size and shape), terrain and wind strength (Evans and Reed, 2007; Varga et al., 2011; Kok et al.,
2012; Vandenberghe, 2013; Újvári et al., 2016). Allochthonous karst depression, cave and fissure-
fill sediments are mostly believed to be originated from local sources (Pickford and Mein, 1988;
Atalay, 1997; Evans and Reed, 2007; Peresani et al., 2008; Evans and Soreghan, 2015; Muttoni et al.,
2017), and considered to be derived from the terrain directly overlying the fracture networks on
carbonates (Bosch and White, 2007; Costantini et al., 2009; Mikulčić Pavlaković et al., 2011; Gil
et al., 2013; Al-Farraj et al., 2014; Peng et al., 2019; Soriano et al., 2019). Only a few studies have
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FIGURE 2 | The RADIUS detection system of red clay samples from fissure BER (Beremend, see in Figure 1C). (A) Content of sediment phases; (B) Mean roundness

of sediment phases; (C) Particle size of quartz fraction; (D) Particle size distribution of quartz fraction.

subpopulation separations reveal that all of the investigated
sedimentary materials were deposited in complex and relatively
dynamic sedimentary environments. However, by removing the
W3 populations, we can concentrate only on the W1 and
W2 groups. This way the majority of grain-size distribution
curves have uniform shape patterns with definite positive
skewness (asymmetry into the direction of coarse fractions),
unimodality (or weakly developed bimodality), leptokurtic
kurtosis and dominant appearance of medium and coarse silt-
sized subpopulations. All of these characteristics are fairly similar
to those of eolian loess-paleosol deposits and suggest a strong
influence and admixture of windblown dust (Sun et al., 2002,
2004; Vandenberghe, 2013; Vandenberghe et al., 2018; Varga
et al., 2019). Moreover, the above-mentioned characteristics
are in good agreement with the Plio-Pleistocene red silt/clay

sediment in the Carpathian Basin (Kovács, 2008; Kovács et al.,
2008, 2011, 2013).

Heavy Mineral Composition
The heavy mineral spectra of the samples are as follows:
amphibole, apatite, corundum, epidote, garnet, kyanite,
monazite, pyroxene, rutile, spinel, staurolite, titanite, tourmaline,
and zircon (Figure 4). Garnet (28–29%), amphibole (25–26%),
and pyroxenes (25–29%) are dominant in the Slovakian samples
(Figure 4A). The heavy minerals from the Slovakian sites
are angular, subangular, less abraded showing short distance
(<200 km) transportation. According to Nemec and Huraiová
(2018), garnet and rutile minerals are from metamorphic source
rocks and granitoid rocks. Probable provenance of these rock
types includes underlying deep-seated intrusive igneous and

Frontiers in Earth Science | www.frontiersin.org 5 June 2020 | Volume 8 | Article 189



Kovács et al. Dust Traps on Paleokarst

FIGURE 3 | Results of parametric curve-fitting of the measured grain-size distributions (volumetric amount and modal grain-sizes of the subpopulations are also

presented). Three representative samples from the study sites are shown here. Ber, Beremend; Csa, Csarnóta; Iva, Ivanovce; Vc, Včeláre.

metamorphic basement formations or shallow basin watershed
sediments transported from the Central Carpathians (Nemec
and Huraiová, 2018). Certain garnet minerals may also be
associated with granitic host rocks that appear as gravels in
Paleogene-Neogene siliciclastics (Hurai et al., 2012; Nemec
and Huraiová, 2018; Paquette et al., 2019). Garnet (21–23%),
amphibole (26–27%), and epidote (25–27%) are dominant
in the Hungarian samples (Figure 4B). Heavy minerals from
these sites are abraded and well-rounded indicating a longer
distance (>500 km) transportation. The River Danube from
its catchment area transports garnet-dominated heavy mineral
assemblages primarily from the Alps, and the Bohemian Massif

(Grosz et al., 1985; Thamó-Bozsó and Juhász, 2002). The higher
concentration of amphiboles in the samples indicates an
additional hinterland. The Neogene calc-alkaline volcanic rocks
from the Western Carpathians are likely the primary source for
amphiboles (Thamó-Bozsó and Kovács, 2007).

Eolian Origin and Provenance
Although, it has already shown that the red clay sediments
in karstified fissures are wind-blow in origin, but the
whole processes require more observations due to the karst
environment. Hypogene karstification has been reported from
Hungary (Leél-Ossy, 2017; Mádl-Szonyi et al., 2017) and
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FIGURE 4 | Heavy mineral assemblages from Slovakia (A) and Hungary (B).

Zrn, zircon; Grt, garnet; Ap, apatite; Ttn, titanite; Rt, rutile; Am, amphibole; Px,

pyroxene; Tur, tourmaline; Ky, kyanite; St, staurolite; Ep, epidote; Mnz,

monazite; Crn, corundum; Spl, spinel.

especially from the region of Beremend (Erőss et al., 2020). It
is important to be able to distinguish between allochthonous
fissure filling sediments and ghost-rock (Dubois et al., 2014;
Osborne, 2017; in-situ weathered rock, also called phantom
rock). During ghost-rock karstification processes the interstitial
flow through the fissure removes the more soluble ions while
the less soluble residual minerals remain in place (Dubois
et al., 2014). Fissure filling sediments are disconformable
with the host limestone while ghost-rock is conformable
with limestone containing host limestone structures and
textures (Osborne, 2017). In our case, there is a sharp contrast
(disconformable) between the fissure filling red sediments
and the host rock. In the last two decades comprehensive
granulometric analyses were made on the red silty clays and
the overlying loess-paleosol successions in the Carpathian Basin
(Kovács, 2008; Kovács et al., 2008, 2011, 2013; Újvári et al.,
2010, 2016; Varga et al., 2012, 2016, 2018, 2019) These red
clays show similarity in terms of their bimodal particle-size
distribution patterns with loess horizons (Kovács et al., 2008,
2011). The fine dust (<2µm) could be represented in the

fine component of the red clays. The source area of these
fines (clay- and fine silt-sized) could be linked to the North
African dust hot spots. As highlighted by Varga (2020), since
1979, ∼218 Saharan dust events have been observed in the
Carpathian Basin. Based on this, we suggest that North African
dust admixtures to red clays are likely, albeit with a very low
(5–10%) contribution.

CONCLUSIONS

Multi-proxy formal analyses provide deeper insight into red
paleosol genesis and material provenance situated in karstified
fissures in Mesozoic limestones. This study demonstrates the
presence of eolian sedimentation in paleokarst fissures located
in the Carpathian Basin. Major characteristics of the grain-
size distribution properties of wind-blown dust deposits are
represented reasonably well by all applied procedures such
as laser diffraction, high-resolution thin-section, and heavy
mineral analyses. The mean grain size of the samples is
definitely finer than eolian sand and coarser than Asian mineral
dust but is akin to silt. Moreover, evidence that the eolian
fissure sediments of Pliocene and Early Pleistocene age in
the Triassic–Cretaceous limestones are derived from wind-
driven red silt and clay includes compositional and textural
analogs; especially granulometric trends detected downwards
from the paleo-surface of the former landscape. The dust
was derived from a combination of local (Slovakian sites)
and longer-distance source areas (Hungarian sites), including
hinterland located >500 km away from the study site. The
heavy mineral assemblage indicates a very mature parent
rock. The source of the red silty clay can be attributed to
the alluvium and the wide riverbeds, the drainage basins of
the Alps and the Western/Central Carpathians. Our study
demonstrates that to develop a full granulometric report,
joint methodology-system of parametric curve-fitting and
RADIUS analyses are suggested. General vertical, bottom-
up coarsening of the grain-size values of the fissure-filling
sediments is clearly pointed-out by all of the investigated
granulometric descriptors, indicators, and proxies. We report
on the first time from Central Europe evidence for eolian
sediments captured in paleokarst fissures and characterize the
depositional signature of the red silty sediments using a novel
integration of petrographic and granulometric techniques. These
analyses enable us to specify the depositional process in an
entirely diverse environment. Thus, our discovery provides a
methodological framework for future characterization of eolian
processes. This discovery is inherently interdisciplinary and is
relevant to research into geomorphology, sedimentology, and
atmospheric sciences.
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“Eolian fissure filling sediments of karstified limestones in the Carpathian
Basin,” in 33rd InternationalMeeting of Sedimentology - 16ème Congrès Français
de Sédimentologie: Toulouse, 10-12 October 2017, Abstract book, vol. 1-2.
p. 473.

Kovács, J., Raucsik, B., Varga, A., Újvári, G., Varga, G., and Ottner, F. (2013). Clay
mineralogy of red clay deposits from the central Carpathian Basin (Hungary):
implications for plio-pleistocene chemical weathering and palaeoclimate. Turk.
J. Earth Sci. 22, 414–426. doi: 10.3906/yer-1201-4

Leél-Ossy, S. (2017). “Caves of the buda thermal karst,” in Hypogene Karst Regions
and Caves of the World, eds. A. Klimchouk, A. N. Palmer, J. De Waele, A.
S. Auler, and P. Audra (Cham: Springer International Publishing), 279–297.
doi: 10.1007/978-3-319-53348-3_18
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Stevens, T., Marković, S. B., Zech, M., Hambach, U., and Sümegi, P.
(2011). Dust deposition and climate in the Carpathian Basin over an
independently dated last glacial-interglacial cycle. Quat. Sci. Rev. 30, 662–681.
doi: 10.1016/j.quascirev.2010.12.011

Sun, D., Bloemendal, J., Rea, D. K., An, Z., Vandenberghe, J., Lu, H., et al.
(2004). Bimodal grain-size distribution of Chinese loess, and its paleoclimatic
implications. Catena 55, 325–340. doi: 10.1016/S0341-8162(03)00109-7

Sun, D., Bloemendal, J., Rea, D. K., Vandenberghe, J., Jiang, F., An, Z.,
et al. (2002). Grain-size distribution function of polymodal sediments
in hydraulic and aeolian environments, and numerical partitioning
of the sedimentary components. Sediment. Geol. 152, 263–277.
doi: 10.1016/S0037-0738(02)00082-9

Szentesi, Z., Pazonyi, P., and Mészáros, L. (2015). Albanerpetontidae from the late
Pliocene (MN 16A) Csarnóta 3 locality (Villány Hills, South Hungary) in the
collection of the Hungarian Natural History Museum. Fragm. Pal. Hung. 32,
49–66. doi: 10.17111/FragmPalHung.2015.32.49

Thamó-Bozsó, E., and Juhász, G. (2002). Mineral composition of upper miocene–
pliocene (pannonian s.l.) sands and sandstones in the different sedimentary
subbasins in Hungary. Geol. Carpath. 53, 1–6.

Thamó-Bozsó, E., and Kovács, L. Ó. (2007). Evolution of Quaternary modern
fluvial network in the Mid-Hungarian plain, indicated by heavy mineral
distributions and statistical analysis of heavy mineral data. Dev. Sedimetol. 58,
491–514. doi: 10.1016/S0070-4571(07)58019-2

Török, Á. (1998). Controls on development of Mid-Triassic ramps:
examples from southern Hungary. Geol. Soc. Spec. Publ. 149, 339–367.
doi: 10.1144/GSL.SP.1999.149.01.16

Tsoar, H., and Pye, K. (1987). Dust transport and the question
of desert loess formation. Sedimentology 34, 139–153.
doi: 10.1111/j.1365-3091.1987.tb00566.x

Újvári, G., Kok, J. F., Varga, G., and Kovács, J. (2016). The physics of
wind-blown loess: Implications for grain size proxy interpretations
in Quaternary paleoclimate studies. Earth Sci. Rev. 154, 247–278.
doi: 10.1016/j.earscirev.2016.01.006

Újvári, G., Kovács J., Varga, G., Raucsik, B., and Markovic, S. B. (2010). Dust
flux estimates for the Last Glacial Period in East Central Europe based on
terrestrial records of loess deposits: a review. Quat. Sci. Rev. 29, 3157–3166.
doi: 10.1016/j.quascirev.2010.07.005

Frontiers in Earth Science | www.frontiersin.org 9 June 2020 | Volume 8 | Article 189

https://doi.org/10.1016/j.quaint.2010.12.013
https://doi.org/10.3906/yer-1201-4
https://doi.org/10.1007/978-3-319-53348-3_18
https://doi.org/10.1016/j.earscirev.2015.06.005
https://doi.org/10.1086/524675
https://doi.org/10.1016/j.quaint.2010.02.005
https://doi.org/10.1016/j.quascirev.2017.10.034
https://doi.org/10.1515/geoca-2018-0002
https://doi.org/10.1016/j.earscirev.2019.01.020
https://doi.org/10.3986/ac.v46i1.4637
https://doi.org/10.1007/s00531-019-01779-7
https://doi.org/10.17111/FragmPalHung.2016.33.99
https://doi.org/10.1007/s12665-019-8708-z
https://doi.org/10.1016/j.jas.2008.06.013
https://doi.org/10.1016/j.quaint.2013.05.050
https://doi.org/10.1134/S0031030108050092
https://doi.org/10.1111/j.1365-3091.2005.00715.x
https://doi.org/10.1029/2009GL039716
https://doi.org/10.1038/nature03905
https://doi.org/10.1016/j.quaint.2008.06.009
https://doi.org/10.1002/gj.3181
https://doi.org/10.1016/j.quascirev.2010.12.011
https://doi.org/10.1016/S0341-8162(03)00109-7
https://doi.org/10.1016/S0037-0738(02)00082-9
https://doi.org/10.17111/FragmPalHung.2015.32.49
https://doi.org/10.1016/S0070-4571(07)58019-2
https://doi.org/10.1144/GSL.SP.1999.149.01.16
https://doi.org/10.1111/j.1365-3091.1987.tb00566.x
https://doi.org/10.1016/j.earscirev.2016.01.006
https://doi.org/10.1016/j.quascirev.2010.07.005
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


Kovács et al. Dust Traps on Paleokarst

Újvári, G., Varga, A., Ramos, F. C., Kovács, J., Németh, T., and Stevens, T. (2012).
Evaluating the use of clay mineralogy, Sr–Nd isotopes and zircon U–Pb ages
in tracking dust provenance: an example from loess of the Carpathian Basin.
Chem. Geol. 304-305, 83–96. doi: 10.1016/j.chemgeo.2012.02.007

Vandenberghe, J. (2013). Grain size of fine-grained windblown sediment:
a powerful proxy for process identification. Earth Sci. Rev. 121, 18–30.
doi: 10.1016/j.earscirev.2013.03.001

Vandenberghe, J., Sun, Y., Wang, X., Abels, H. A., and Liu, X. (2018). Grain-size
characterization of reworked fine-grained aeolian deposits. Earth Sci. Rev. 177,
43–52. doi: 10.1016/j.earscirev.2017.11.005

Varga, A., Újvári, G., and Raucsik, B. (2011). Tectonic versus climatic control on
the evolution of a loess-paleosol sequence at Beremend, Hungary: an integrated
approach based on paleoecological, clay mineralogical, and geochemical data.
Quat. Int. 240, 71–86. doi: 10.1016/j.quaint.2010.10.032

Varga, G. (2020). Changing nature of Saharan dust deposition in the
Carpathian Basin (Central Europe): 40 years of identified North African
dust events (1979–2018). Environ. Int. 139:105712. doi: 10.1016/j.envint.2020.1
05712

Varga, G., Cserháti, C., Kovács, J., and Szalai, Z. (2016). Saharan dust deposition
in the Carpathian Basin and its possible effects on interglacial soil formation.
Aeolian Res. 22, 1–12. doi: 10.1016/j.aeolia.2016.05.004

Varga, G., Kovács, J., Szalai, Z., Cserháti, C., and Újvári, G. (2018). Granulometric
characterization of paleosols in loess series by automated static image analysis.
Sediment. Geol. 370, 1–14. doi: 10.1016/j.sedgeo.2018.04.001

Varga, G., Kovács, J., and Újvári, G. (2012). Late Pleistocene variations of the
background aeolian dust concentration in the Carpathian Basin: an estimate

using decomposition of grain-size distribution curves of loess deposits. Geol.
Mijnb./Neth. J. Geosci. 91, 159–171. doi: 10.1017/S0016774600001566

Varga, G., Újvári, G., and Kovács, J. (2019). Interpretation of sedimentary
(sub)populations extracted from grain size distributions of Central European
loess-paleosol series. Quat. Int. 502, 60–70. doi: 10.1016/j.quaint.2017.09.021

Viczián, I. (2002). Clay mineralogy of Quaternary sediments covering
Mountainous and hilly areas of Hungary. Acta Geol. Hung. 45, 265–286.
doi: 10.1556/AGeol.45.2002.3.5

Viczián, I. (2011). Hungarian contribution to the mineralogy and geology of clays:
commemorating the 50th anniversary of the Hungarian Clay Minerals Group
founded in 1960. Földt. Közl. 141, 313–319.

Villa, N., Dorn, R. I., and Clark, J. (1995). “Fine material in rock fractures:
Aeolian dust or weathering?,” in Desert Aeolian Processes, ed. V. P. Tchakerian
(Dordrecht: Springer Netherlands), 219–231.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Kovács, Újvári, Varga, Seelos, Szabó, Dezső and Gammoudi.
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