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Osztrdk és magyar bauxitok egy alpi tektonikai keretben: tisztelet MINDSZENTY Andrea professzornak

Osszefoglalds

A kréta kort osztradk—magyar bauxitok részletes korreldcidjat MINDSZENTY Andrea tette kozzé els6ként a 1980-as
években. Az Eszaki-MészkGalpokban és a Dunéntili-kozéphegységben elhelyezkedd bauxitok kozotti jelenlegi tivolsag
néhany szdz kilométer nagysagrenddi. A késd-krétara (turontdl a kora-santoniig) vonatkoz6 vézlatos palinspasztikus
rekonstrukcié azonban sokkal kozelebbi egykori helyzetiikre utal. Ugyanakkor, fontos kiilonbségek is vannak ezeknek a
bauxitoknak a tulajdonsdgai kozott, amelyek a felszinre keriilt kora-alpi takardrenszer f616tti eltérd paleogeografiai hely-
zetiiket tiikrozik. Mas jellegi eltérések, mint példaul a porozitdsban mutatkozd kiilonbségek, a kés6bbi alpi szerkezeti
feliilbélyegzésnek tudhatdk be.

Az osztrak és magyar bauxitok nemcsak a képzddésiikkel egyidds foldtani viszonyokroél nytjtanak informéacidkat, hanem
aregiondlis geodinamikai kornyezetre vonatkozé adatokkal is szolgdlnak kozvetlentil a lerakédédsuk el6tt és utdn is.

A kréta bauxitok tipikus lerakdddsi kornyezete a tdgabb alpi régidban kiilonféle flexurdlis medencék peremén vég-
bement kiemelkedéssel és karsztosoddssal fliggott ossze. A bauxitok fontos foldtani informacidkkal szolgélhatnak az
egykori regiondlis geodinamikai folyamatokrdl, ahogy erre MINDSZENTY Andrea utt6r6 médon mar az 1990-es évek
elején rdmutatott.

Tdrgyszavak: bauxit, kréta, flexurdlis medence, alpi, Ausztria, Magyarorszdg

Abstract

The correlation between the respective Cretaceous bauxites of Austria and Hungary was first highlighted by the
pioneering work of Andrea MINDSZENTY in the 1980s. The physical distance today between these bauxite occurrences,
located in the Northern Calcareous Alps (Austria) and the Transdanubian Range (Hungary), is on the order of one
hundred kilometres. However, a semi-quantitative palinspastic reconstruction of their relative positions at the time of the
bauxite deposition during the Late Cretaceous (Turonian to early Santonian) indicates their proximity. The important
differences between these Upper Cretaceous bauxites are due to their different palaeogeographic settings during their
deposition on a subaerially exposed Eo-Alpine nappe substratum. Some other differences, such as porosity, can be
attributed to the subsequent tectonic overprint in the Alpine edifice.

The Austrian and Hungarian bauxites not only provide important information about the syn-depositional geological
landscape but also carry clues about the pre- and post-depositional regional tectonic context of the areas where they
developed.

The typical setting for many of the Cretaceous bauxites in the broader Alpine region was uplift and karstification, in
association with the formation of various flexural basin systems. Therefore bauxites, in general, may contain important
geological information about the regional geodynamic processes. The latter point was made by Andrea MINDSZENTY, in
a pioneering manner, in the early 1990s.

Keywords: bauxite, Cretaceous, flexural basin, Alpine, Austria, Hungary

Introduction and the Transdanubian Range (TR), respectively (Figure 1),
were published by MINDSZENTY et al. (1987, 1991) and

The first systematic comparison of the Austrian and D’ARGENIO & MINDSZENTY (1987). Whereas in both areas
Hungarian bauxites of the Northern Calcareous Alps (NCA)  there were numerous studies dedicated to the bauxites
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themselves (e.g. MINDSZENTY et al. 1991, BARDOSSY &
MINDSZENTY 2013) the attempt to directly correlate and
compare these Austrian and Hungarian deposits was an
important first attempt.

Since then, many more studies were devoted to the
understanding of the geodynamic context of the deposition
of Cretaceous bauxites in the broader area of the Alps and
the Mediterranean (D’ARGENIO & MINDSZENTY 1987,
MINDSZENTY et al. 1987, 1995, 2000; D’ARGENIO &
MINDSZENTY 1995).

More than two decades after these pioneering pub-
lications, the present paper aims to a) emphasize the
significance and longevity of the observations and inter-
pretations made by Prof. Andrea MINDSZENTY, b) to briefly
overview the progress made in the understanding of the
regional Alpine structural evolution as it relates to bauxite
formation and c) to highlight the need to continue the studies
of bauxites with modern techniques as they contain valuable
geologic information about regional-scale Alpine geo-
dynamic processes.

Cretaceous bauxite occurrences
in Austria and Hungary

The bauxite deposites in Austria are distributed in an W—
E direction along the NCA (Figure 1), the most important
ones being Brandenberg in Tirol, Untersberg near Salzburg,
RufBbach-Almweg near Strobl, Unterlaussa near Windisch-
garsten and Dreistetten, west of Wiener Neustadt (e.g.
SCHADLER 1950, HABERFELNER 1951, RUTTNER & WOLETZ
1957, PLOCHINGER 1960, ScHuLz 1960, RUTTNER 1970,
1987, GUNTHER & TICcHY 1978, LEISS 1989, MINDSZENTY et
al. 2005). The stratigraphic position and age of all these
bauxite occurrences are quite uniform (Figure 2) at the base
of the Lower Gosau Subgroup (sensu WAGREICH & FAUPL
1994) corresponding to a Turonian to Coniacian depos-
itional period. The bauxites deposited on a major regional
Eo-Alpine unconformity called “pre-Gosau”, as the nappe
stacking and folding corresponding to this unconformity
predates the deposition of the much less deformed Upper
Cretaceous Gosau beds (e.g. MINDSZENTY et al. 1987). The
main lithological characteristics of the Austrian bauxites
have been summarized in details by MINDSZENTY et al.
(1987) and therefore they will not be repeated here.

The Hungarian bauxites of the TR are occupying a
relatively smaller area but with many more occurrences than
in Austria (Figure 1). The most important locations, most of
them actually corresponding to former industrial bauxite
mining sites, are: Nyirdd, Halimba, Tharkut, Feny6f6, Also-
pere, Bakonyoszlop, Iszkaszentgyorgy, Gant and Nagy-
egyhdza. The amount of geological literature describing the
Hungarian bauxites is at least an order of magnitude larger
than the corresponding Austrian one. This is primarily due
to the intensive industrial exploration and exploitation of
Hungarian bauxite deposits during the second half of the
twentieth century. Obviously, the fact that Hungarian

bauxites occur at three distinct stratigraphic levels (Albian,
early Senonian, early Eocene), whereas Austrian bauxites
were described only from Upper Cretaceous strata so far
(Figure 2), also explains the striking inequality in the
numbers of bauxite-related scientific publications. It is to be
noted that bauxite was even resedimented from the various
levels into a Miocene red clay formation in the TR
(KELEMEN et al. 2017).

As to the relation of the multiple bauxite horizons within
the TR (Figure 2) to the regional Alpine structure and
palacogeography, MINDSZENTY (1984) published an out-
standing summary cartoon (Figure 3). In idealized transects
she showed the major stages of bauxite accumulation in the
TR, corresponding to certain periods in the Alpine evolution
of the region.

During the Albian, bauxite was depositing in the sub-
aerially exposed flanks of the early, gentle major synclines
of the TR formed during the “Austrian” phase of Eo-Alpine
shortening (Figure 3a). Karstification has not reached the
Upper Triassic Main Dolomite beneath Lower Cretaceous to
Uppermost Triassic limestones and bauxite was accumu-
lating under “vadose” and freatic conditions based on the
textural signature of the Als6pere deposit. As Upper Albian
to Cenomanian sediments gradually onlapped the flanks of
the synclines, the loci of bauxite deposition shifted updip
(Figure 3a).

After the “pre-Gosau” Eo-Alpine deformational phase
the entire region of the TR had experienced surface uplift
and denudation (Figure 3b). The associated erosion re-
moved large part of the pre-existing Mesozoic sequence,
locally even the Albian-covered bauxite itself reworking it
into new accumulations. Erosion reached not only the
Norian Main Dolomite, but even the Carnian Veszprém
Marl has been subaerially exposed based on the dolomitic
and siliciclastic extraclasts in the Senonian-covered bauxite.
Bauxite deposition occurred in a saturated facies close to the
shoreline at low elevation and in a vadose environment on
the higher parts of the karstified terrain (Figure 3b).

Finally, following the “Laramian” Eo-Alpine deforma-
tional phase (Figure 2), redeposition of existing vadose
bauxites must have contributed significantly to the young-
est, Palaecocene to Lower Eocene bauxites (Figure 3c).
These sediments accumulated on top of the Campanian
Ugod Limestone Formation partly in a saturated facies. Due
to the overall transgressive character of the immediately
overlying Middle Eocene sequence, most of the saturated
and vadose/freatic bauxites were preserved (Figure 3c).

Differences between the Austrian and
Hungarian bauxites

Since there are no documentations of age equivalent
Palacocene/Eocene or Lower Cretaceous bauxites or re-
sedimented bauxite-bearing Miocene red clays in Austria to
date (Figure 1), the discussion below concerns only with the
Upper Cretaceous bauxites. The overall similarities and
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Figure 2. Stratigraphic position of the Austrian and Hungarian bauxites, reproduced from MINDSZENTY et al. (1987). For the locations of these

occurrences see Figure 1.

2. dbra. Az osztrdak és magyar bauxitok rétegtani helyzete MINDSZENTY et al. (1987) utdn modositva

differences between the Austrian and Hungarian bauxites were
summarized by MINDSZENTY et al. (1987). Here only some of
the differences are highlighted, which may reflect differences
in the regional-scale tectonic settings of these bauxites:

a) The Senonian cover above the bauxites (Figure 2) is
thicker in Austria, up to a few kilometres locally, corres-
ponding to pronounced subsidence (e.g. WAGREICH 1988,
1995) as opposed to the no more than 1000 m thick cover in
Hungary which deposited due relatively slow, gradual
subsidence (e.g. HAAS 1983, SIEGL-FARKAS & HAAs 2002).

b) Overall, the typical Gosau-type facies succession in
Austria has coarse continental clastics filling a pre-existing
erosional relief above an erosional unconformity corres-
ponding to the pre-Gosau deformational phase. The shallow
marine mixed carbonates and siliciclastics of the Turonian to
Coniacian Lower Gosau Subgroup (sensu WAGREICH & FAUPL
1994) overlying the conglomerates are more evenly distributed
but do reflect deposition in subbasins. The Upper Gosau
Subgroup is dominated by Santonian to Eocene age deepwater
turbiditic sediments, in part deposited below the carbonate
compensation depth (CCD). In contrast, the lateral lithofacies
variations are more predictable in the Senonian of the TR,

indicating deposition in a single basin where the intitial
inherited palaeotopography had a major control on the sedi-
mentation (e.g. HAAS 1999). Furthermore, the gradual sub-
sidence in the Senonian basin of the TR did not result in a deep
basin reaching the CCD.

¢) Post-accumulation chemical alteration of bauxites is
minor in Austria versus medium to intense in Hungary.

d) Degree of compaction is significantly higher (poros-
ity: 6-23%) in Austria compared to the low to medium
compaction in Hungary (25-43%).

e) Chromite is quite frequent in the Austrian bauxit
deposits, however, it is not so prevalent in the bauxites of the
TR in Hungary (ARGYELAN & HORVATH 2002).

f) Some special minerals, such as the radioactive car-
notite (a potassium uranium vanadate) reported from the
Unterlaussa bauxite deposit (KOHLER 1955), appears to be
missing in the TR bauxites (Sdndor SZAKALL, personal
communication 2017).

All these observations need to be addressed in a regional
palacogeographic model which could explain the differences
between the Upper Cretaceous Austrian and Hungarian
bauxites.
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Figure 3. Idealized profiles showing the major stages of bauxite accumulation in the Transdanubian Range, reproduced from

MINDSZENTY (1984)

3. dbra. Idealizdlt szelvények a dundntiili-kozéphegységi bauxitképzddés fontosabb idoszakjaira vonatkozéan, MINDSZENTY (1984) utdn

Palinspastic position of the NCA relative to the
TR during bauxite deposition

There is general agreement that Eo-Alpine Cretaceous
thrusting and nappe formation in the NCA was transpressive
(e.g. LINzER et al. 1995), and this is expressed by the closely
spaced NW-striking dextral tear faults crosscutting the
thrust sheets (Figure 1), but not the thrusts themselves (e.g.
EISBACHER & BRANDNER 1996). The style of deformation
was classified as “thrust-dominated transpression” by
ORTNER et al. (2016).

The nature and extent of Eo-Alpine thrusting was and, it
seems like, still debated by some in the case of the TR (for a
discussion, see TARI & HORVATH 2010). In this work, we
build on our own work (TARI 1994) describing the TR as the
most internal and structurally highest segment of the Eo-
Alpine nappe system. The structural fabric of the NCA and
TR share the same primary elements (e.g. throughgoing
NWe-striking dextral strike-slip faults). However, these
features are not nearly as well-defined in the subsurface of
the TR as in the NCA, mostly because of the present-day
low-relief terrain with overall poor outcrop conditions.
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Therefore the exact age of these prominent strike-slip faults
is long debated in the Hungarian literature. Interpretations
range from assuming an entirely Miocene period for their
activity to considering a Cretaceous inception and Miocene
reactivation of these features (TARI 1991, 1994; SASVARI et
al. 2007; CsicSex & FoDpoRr 2016; FODOR et al. 2017).

Regardless, as LINZER & TARI (2012) showed, the NCA
of Austria and the TR of Hungary were much closer to each
other geographically during the Late Cretaceous (Figure 4)
after most of the subsequent deformations responsible for
their apparent present-day separation (Figure 1) are palin-
spastically restored. Admittedly, this cartoonish map-view
restoration ignores the complex post-Santonian rotations
documented in the NCA and the TR by palacomagnetic
declination anomalies (e.g. MAURITSCH & BECKE 1987,
MARTON et al. 2000, MARTON & FopoR 2003, PUEYO et al.
2007).

If one accepts the simple model shown in Figure 4, then
the differences between the Austrian and Hungarian Cre-
taceous bauxites, systematically described for the first time
by MINDSZENTY et al. (1987), may be explained in a pre-
liminary, interpretative manner, subject to more work. The
discussion here follows the same order as in the previous
section:

a) The classic Gosau basins were forming closer to the
leading of the Alpine orogen (Figure 5) in a wedgetop

7
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position on top of the Eo-Alpine foreland fold-and-thrust
belt related to the subduction of the Alpine Tethys. The later-
ally variable, but pronounced subsidence in these Gosau
basins were either controlled by subduction tectonic erosion
(WAGREICH 1995), subduction roll-back (FROITZHEIM et al.
1997) or extensional collapse (WILLINGSHOFER et al. 1999).
In contrast, the upper part of the classic Gosau basin fill
finds its age equivalent in the Senonian basin of the TR,
some 100 km southward from the Gosau basins in the NCA
(Figure 4). However, the Senonian basin of the TR might
have been either deposited in a different part of the same
basin system or simply formed as a part of another basin.
Using the recent overview forearc basins by Nopa (2016)
one could speculate that the extensional Gosau basins
developed in the central segment of a compressional
accretionary type orogene whereas the Senonian of the TR
corresponded to the internal part of a forearc basin with
more gradual subsidence (Figures 4 & 5). We consider the
exact geodynamic context of these Senonian flexural-type
basins still poorly understood at present.

b) The contrast in the facies variations in the Senonian
cover of the bauxites could also be attributed to the relative
tectonic positions of the classical Gosau basins versus the
Senonian of the TR (Figures 4 & 5). The numerous Gosau
basins were rapidly subsiding in somewhat isolated basin
fragments in a generally deeper water setting (Figure 5). In

Figure 4. Cartoonish summary of Late Cretaceous structural elements and the relative positions of the Northern
Calcareous Alps (NCA) and the Transdanubian Range (TR), adapted from LINZER & TARI (2012)

Note that the classic Alpine Late Triassic lithofacies units cannot be easily correlated with those of the TCR (Janos Haas, personal
communication, 2017). This cartoonish map-view restoration admittedly ignores the complex post-Santonian rotations documented in
both the NCA and the TR by palaeomagnetic declination anomalies (e.g. Mauritsch & Becke 1987, Marton et al. 2000, Marton & Fodor
2003, Pueyo et al., 2007). We believe that the right lateral Cretaceous strike-slip faults of the NCA may be correlated with those of the
TR. For example, the Wolfgangsee-Windischgarsten Fault in the NCA may correspond to the Telegdi-Roth Fault in the TR. The
approximate positions of the Austrian and Hungarian bauxites shown in Figure 1 are also indicated here as red dots. Note the proximity
of these bauxite occurrences relative to their present-day separation from each other (cf. Figure 1). RTS = Radstadt Thrust System

4. dbra. Vizlatos dsszefoglalds az Eszaki-Mészki-Alpok (NCA) és a Dundntili-kozéphegység (TR) késé-kréta szerkezeti

elemeire vonatkozoan, LINZER & TARI (2012) utdn

Figyelemremélto, hogy az NCA klasszikus alpi késo-tridsz litoficies zondit nem konnyii korreldlni a TCR hasonlo kifejlodéseivel (HaS Janos,
személyes kozlés, 2017). Ez avazlatos térképi rekonstrukcio beismerten figyelmen kiviil hagyja a komplex posztszenon forgdsokat amiket mind
az NCA és mind a TR esetében paleomdgneses deklindcios anomalidk jeleznek (pl. MAURITSCH & BECKE 1987, MARTON et al. 2000, MARTON &
Fopor 2003, PuEYo et al. 2007). Mi iigy gondoljuk, hogy az NCA kréta korijobbos elmozduldsai valésziniileg korreldlhaték a TR hasonlo
hardnttoréseivel. Pelddaul, az NCA Wolfgangsee-Windischgarsten torése megfelelhet a TCR Telegdi-Roth torésének. Az osztrak és magyar
bauxitok hozzdvetdleges elhelyezését, hasonldan az elsé dbrdhoz, itt is piros pontok mutatjdak. Figyelemremélté a bauxitok egymdshoz kizeli
viszonya a mai nagy tavolsdg dacdra (ldsd 1. dbra). RTS - Radstadli feltoloddsi rendszer
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Figure 5. Summary of the main structural elements of a compressional accretionary arc (NoDa 2016). The possible positions of the classic Gosau Basins of the
NCA versus the Hungarian Senonian basin on the NW flank of the TR are tentatively shown. For a corresponding speculative map-view interpretation, see Figure

4

5. dbra. Egy kgmpresszio’s akkrecios v alapvetd szerkezeti elemeinek az dsszefoglaldsa, Noba (2016) utdn. A klasszikus NCA Gosau medencék és a Dundntiili-
kozéphegység ENy-i szdrnydn elhelyezkedd magyar senon medence lehetséges pozicidjdt zold szinnel kiemeltiik. A regiondlis szelvényhez tartozo spekulativ térkeépi

értelmezést a 4. dbra mutatja

contrast, the Senonian of the TR was clearly one single basin
despite the initial separation at the base due to inherited
palaeotopography (HaAs 1999) with lower subsidence rate
and less water depth (Figure 5).

¢) Bauxites in the Northern Calcareous Alps were covered
already in the Turonian (SIEGL-FARKAS & WAGREICH 1996)
whereas the bauxitic karst terrain in the TR has remained
exposed until the early Santonian (e.g. MINDSZENTY et al.
1984). The prolonged period of subaerial exposure is the
primary reason for the more advanced alteration observed in
the Hungarian bauxites.

d) As MINDSZENTY et al. (1987) already pointed out, the
post-early Senonian Alpine compressional deformations
and deep burial affected the Austrian bauxites much more
than their age equivalent Hungarian counterparts. The more
severe compaction found in the NCA bauxites is primarily
due to the post-depositional structural evolution of the NCA
versus the TR (Figure I).

e) Obducted ophiolites could have been the source for
the chromium spinel grains in the Gosau basins of the
NCA (FaurL et al. 1987). The Penninic ophiolites incor-
porated into the external part of the accretionary prism
could have easily contributed laterally or downdip to the
sediment fill of the Gosau basins. However, given their
position, they could not have been the provenance area for
the forearc basin located updip (Figure 5).

Heavy mineral studies (PoBER & FaupL 1988,
WAGREICH 1988, FAUPL & WAGREICH 1992) showed that
the Turonian to Lower Santonian clastic sediments de-
posited in the “internal” Gosau basins were predom-
inantly of local origin derived mainly from Permian to
Triassic formations in the surroundings. Heavy mineral
analysis of the lower part of the Senonian in the TR (Ajkai
és a Csehbanyai Formations) suggested that the chrome-
spinels were derived from alkaline tholeitic rocks
(ARGYELAN & HORVATH 2002).

Bauxite formation at the margin of flexural
basins

The overall geodynamic framework for the uplift, karsti-
fication, deposition and burial of the Cretaceous Austrian
and Hungarian bauxites was the Eo-Alpine tectonic
evolution (oblique subduction and collision) of the Tethyan
realm (MINDSZENTY et al. 1987).

Based on detailed studies of bauxites and the overlying
cover formations of the TR, MINDSZENTY (1994, 1999) and
MINDSZENTY et al. (2000) suggested that the formation of
the pre-Santonian bauxites are related to foreland-type
flexural deformation in front of advancing Alpine thrust
units. More specifically, the formation of the Albian bauxite
and its immediately overlying cover was connected with the
regional compression caused by the obduction of the Neo-
Tethys whereas the Senonian bauxite and its cover sequence
formed due to the regional shortening associated with the
Alpine Tethys subduction (Janos HAAS, personal commu-
nication 2017). According to the model of BARDOSSY &
MINDSZENTY (2013), the deposition of bauxite deposits and
their sedimentary cover was triggered and enhanced by the
inception of flexural subsidence of a formerly emerged and
subaerially exposed palaeosurface.

Interestingly, the flexural basin formation context ap-
pears to be applicable for many other Mediterranean bauxite
deposits as well, for example in the case of Mesozoic—Ter-
tiary Apulia in Italy (MINDSZENTY et al. 1995, D’ ARGENIO &
MINDSZENTY 1995).

Conclusions and the need for future work

As a semi-quantitative map-view restoration of several
consecutive Alpine deformational periods brings the
Northern Calcareous Alps in Austria and the Trans-
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danubian Range in Hungary unexpectedly close to each
other for the early Late Cretaceous period (LINZER & TARI
2012), the similarities and differences between the Creta-
ceous Austro-Alpine bauxites summarized by MIND-
SZENTY et al. (1987) highlight the need for further analysis
of these deposits. All of these bauxites were undoubtedly
formed in an orogenic setting, at the margin of flexural,
generally foreland-type basins (MINDSZENTY et al. 2000).
The generic flexural origin of the Upper Cretaceous basins
associated with the cover sequences of the bauxites in the
NCA versus the TR should have a different geodynamic
context within the overall Eo-Alpine orogene. Therefore
more modern data and analysis are required, especially on
the much less studied Austrian bauxites, to make specific
interpretations as to the provenance areas, “source-to-
sink” aspects and the flexural origin of the basins where
they were deposited.

The poorly understood difference in the geodynamic
settings of the Austrian and Hungarian bauxites is ulti-
mately responsible for the differences between them (such
as porosity, extraclast composition, degree of chemical

alteration, etc.) as it was already hinted by the pioneering
works of Andrea MINDSZENTY in the 1980s.
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