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Origin of Eocene-covered karst bauxites
of the Transdanubian Central Range (Hungary) :
evidence for early Eocene volcanism
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Hungarian Academy of Sciences, Laboratory for Geochemical Research,
H-1112, Budapest, Budaorsi it 45, Hungary

Abstract : Fission track (FT) ages measured in detrital zircon crystals from Eocene-covered bauxites of the
Transdanubian Central Range (TCR) appear to reflect the cooling age of the source rock(s). Thus, by means of
FT-dating of zircons new information could be obtained to explain the problem of source rocks debated so far.
Since the majority of the detrital zircon crystals proved to be euhedral, their typologic analysis permitted conclu-
sions regarding the petrographic character of the source rocks as well.

(1) In the light of the age results it is clear that the pyroclastics of a Pre-Middle Eocene volcanism contributed
to the bauxite material which was deposited on the exposed karstified carbonate terrain. Andesitic tuffite layers
intercalated in the upper part of the overlying Eocene sequence are traces of younger explosions of the same
Paleogene volcanic event. Zircon grains found in the bauxite are morphometrically identical to those found in the
younger Eocene pyroclastics of andesitic character.

(2) A euhedral zircon population of 210 to 260 million years was also identified in some of the bauxite deposits
studied. These crystals derive most probably from Middle Triassic trachyandesite tuffs of the Central Range,
though anatectic granitic sources cannot be excluded.

(3) Those zircon grains which are the oldest and fairly well rounded are thought to derive from the parametamor-
phic of Hercynian age of the surrounding areas.

The bauxites of the TCR, though obviously of polygenetic origin, clearly received considerable amounts of
pyroclasic contribution related to a Lower Eocene to Lower Lutetian volcanic event and this probably played an
important role in the formation of the deposits.

Key-words : bauxite, zircon typology, fission track dating, Eocene volcanism, Hungary.

Introduction

FT-dating of detrital zircon grains of bauxites
is a new approach to throw light on the source
rocks of bauxites. Geological evidence shows
that in the Transdanubian Central Range bauxite
apparently were never subjected to any signifi-
cant thermal effect, which would have resulted in
the rejuvenation of fission track (FT) ages of zir-
con grains (their depth of burial is insignificant,
no volcanic or hydrothermal influence could be
proved). Therefore, the FT age of each individual
detrital zircon grain in the bauxite records the

cooling/formation age of part of the source rocks.
In addition to this, typologic analysis (Pupin,
1976) of euhedral zircon grains may provide new
data regarding the composition and genesis of the
suspected source rocks.

Genetic review of bauxites
of the Transdanubian Central Range

Bauxite occurs at three stratigraphic horizons
in the Transdanubian Central Range (Dudich &
Komlossy, 1969) : 1) horizon with Albian cover, 2)
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Fig. 1. Stratigraphic column of the Transdanubian Cen-
tral Range (after Knauer, in Szantner et al., 1986).

A : Bauxite complex.

B : Footwall of the Eocene-covered deposits.

C : Presumed source rocks of bauxites.

1 : marl 4 : volcanic tuff
2 : limestone 5 : sandstone
3 : dolomite 6 : metamorphite

horizon with Senonian cover and 3) horizon with
Eocene cover (Fig. 1). In the present work, only
samples derived from the Eocene-covered Csab-
puszta Bauxite (Mindszenty et al., 1988) were
studied.

According to the latest paleogeographical re-
construction (Kazmér, 1984) the Bakony Unit
presently lies east of that position which it oc-
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Fig. 2. Structural position of the Bakony unit in the
Alp-Carpathian system (compilation based on maps of
Kéazmér, 1984 and Balla, 1988).

A : Distribution of some characteristic Paleo-Mesozoic
formations

B : Transcurrent fault zone.

C : Paleogene volcanic centres.

D : Investigated area, see Fig. 3.

PA : Periadritatic Lineament

DAV Lin. : Defereggental-Anterselva-Valles Lineament

cupied at the time of Cretaceous-Eocene bauxite
formation. This means that potential source rocks
should not be looked for in areas now lying bey-
ond the transcurrent fault lines bordering the
Bakony Unit from the SE and NW (Fig. 2). Lack
of factual information regarding details of the
paleogeography have inhibited the establishment
of the provenance of the « pre-bauxitic » mate-
rial, and this resulted in various, partly contra-
dicting theories on bauxite genesis.

Different theories on bauxite formation were
suggested by Bardossy (1961, 1977), Szabd
(1976) and Dudich (1981). The essence of these
theories can be briefly summarized as follows :

— Telegdi-Roth (1927) and Vadasz (1946,
1951, 1956) related the emplacement of lateritic
weathering products to the karstic surface and
subsequent bauxitization. Transportation was
supposed to have been of eolian type by Gyorgy
(1923).

— According to the « terra rossa » theory the
karst bauxites were formed from the argillaceous
dissolution residua of the calcareous bed rocks,
essentially « in situ » with negligible transporta-
tion (Foldvari, 1933 ; De Weisse, 1948 ; Kom-
l6ssy, 1967, 1970 ; Vendel et al., 1971 ; Hidasi,
1986).

— Pavai Vajna (1948) believed bauxites to
have been of hydrothermal origin.
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Origin of bauxites based on zircon typology and FT dating

— Gedeon (1952) considered the bauxite an
alteration product of volcanic tuffs under shal-
lowmarine conditions.

— Boldizsar (1948), Kiss & Vorss (1965) as
well as Nemecz & Varju (1967) derived bauxite
by precipitation from a colloidal system in a la-
custrine environment.

The question of the source material of baux-
ites has been debated for a long time. The inves-
tigation of detrital minerals provides the most
direct information but geochemical, textural and
paleogeographic analyses may also be relevant in
this respect. It is worthy of mention that the
abundance of heavy minerals in the Eocene-
covered bauxites shows an upward increase
(Voros, 1958), as does the number of the heavy
mineral species present. The most common detri-
tal minerals recognized are as follows :

— Ilmenite, ferri-ilmenite (abundance : gener-
ally 70 to 90% of the 60 to 200 micrometer frac-
tion, with the exception of the Southern
Bakony occurrences where its proportion may be
considerably smaller than that, see Mindszenty,
1970),
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— zircon (Voros, 1958 ; Antal, 1973 and T-
Gecse, 1982, reported euhedral, acicular and
rounded zircon populations of various color and
shape),

— chromite (Kiss, 1952, 1955 ; Jasko, 1953),

— metamorphic heavy minerals : tourmaline,
rutile, corundum, garnet, staurolite, kyanite
(Mindszenty et al., 1986/87 ; Mindszenty & Gal-
Solymos, 1988).

Biotite, weathered feldspar and dihexagonal
quartz have also been reported in smaller
amounts only (Voros, 1958 ; Szabé & Ravasz,
1970).

The difference between the heavy mineral con-
tent and extraclasts of the Eocene- and the
Senonian-covered bauxites probably reflects the
remarkable paleogeographic change which took-
place during Paleocene-Lower Eocene times. The
transport of fine metamorphic detritus onto the
karstic surface apparently began after the burial
of the Cretaceous bauxites. At the same time an
« ilmenite-supplying event » occurred as a result
of either the erosion of igneous rocks or of vol-
canism (Mindszenty et al., 1988).
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Fig. 3. Geological sketch map of the Transdanubian Central Range without Cenozoic formations (after Mindszenty,

1984 ; Filop & Dank, 1987 with simplifications).
: Paleozoic crystalline basement.

: Velence granite.

: Permian clastic strata.

: Triassic, mostly carbonate formations.

oOw»

E : Tuffaceous Middle Triassic strata.
F : Jurassic-Cretaceous strata.
G : Bordering transcurrent fault zone.
H : Bauxite deposits studied.
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In the southeastern margin of the Trans-
danubian Central Range, the metamorphics out-
cropping below the Mesozoic carbonate sequence
were considered as source rocks by Bardossy
(1961) and Oravecz (1965), see Fig. 3. The
granite of the Velence Hills also belongs to this
strip. Based on the similarities of the composition
of the detrital monazite and xenotime grains from
the bauxites and of the accessory minerals in the
granite, Bardossy & Panté (1973), Bardossy et
al. (1976) and Panté (1980), suggested that
bauxite was derived from the acid magmatites of
the Velence Hills.

The Ladinian trachytic tuffs intercalated within
the partly eroded Triassic sequence of the
Bakony Mountains were also believed to have
been source rocks for the bauxites (Szabd &
Ravasz, 1970).

Most of the authors agree that bauxites are of
mixed origin : both the Mesozoic sequences and
the Paleozoic rocks to the south contributed to
the formation of the deposits (Barnabas, 1966 ;
Szabd, 1976 ; Vorés & T. Gecse, 1978 ; Bar-
dossy, 1977).

The age of bauxites in the Transdanubian
Central Range is uncertain due to the consider-
able stratigraphic gap between the underlying
Triassic and Cretaceous and the overlying Eo-
cene strata (Vadasz, 1946 and Szantner et al.,
1986), see Fig. 1.

Paleogeographic-tectonic considerations and
paleoclimatic factors are important to the age of
formation. According to Dudich & Komléssy
(1969), the Eocene-covered deposits were formed
during the Paleocene-Lower Eocene bauxite for-
mation horizon, whereas Szantner & Szabé
(1970) claimed that formation of the Gant,
Iszkaszentgyorgy and Fenyofo deposits took
place between Cretaceous and Eocene.

Between the Triassic and the Eocene there
were only a few periods when the climatic con-
ditions permitted the formation of bauxite (Goc-
zan, 1973). The latest suitable climatic period
lasted from the Upper Paleocene to the Middle
Eocene.

When trying to establish the age of deposition
of any given bauxite horizon, the upper boundary
is conventionally taken as the age of immediate
cover ; in this case that of the overlying Eocene
sediments. The age of the cover sequence is
Lutetian ; NP 14 zone in the southern Bakony
Mountains ; northeastwards the NP 16/17 zone
becomes predominant (Béldi-Beke, 1984 ; Big-
not et al., 1985).

1. Dunkl

To determine directly the age of deposition of
bauxites, fossils occurring in the deposits may
serve as a guide. However, generally karst baux-
ites are very poor in fossils (Bardossy, 1977) and
very rarely contain « index » fossils. In the Eo-
cene-covered bauxite deposits of the Trans-
danubian Central Range Eocene palynomorphs,
foraminifers, mannoplankton, sporomorphs, uni-
dentified microforms and fern sporangia were de-
scribed ; unfortunately, all of them unsuitable for
age determinations (e.g. Deak, 1960, 1967 ;
Antal, 1973 ; Baldi-Beke, 1974, 1984 ; Rakosi,
1977 ; Brokés, 1976 ; Kiss, 1953). Foraminifers
relate only to redeposition in the Eocene and ac-
cording to Dedk (1960) Eocene pollen in the
bauxite deposits are the results of secondary in-
filtration from the overlying Eocene sequence.
According to Baldi-Beke (1974, 1984), however,
Lower Lutetian nannoplankton forms were em-
placed into the deposits during the accumulation
of bauxite and therefore they do reflect the age
of the deposits.

Analytical methods

Samples were taken from the following mining
sites : Csordakit, Gant-Harasztos, Gant-Ujfel-
taras, Iszkaszentgyorgy, Rakhegy, Dudar, Nagy-
tarkany and Nézsa (Fig. 3). In the heavy mineral
concentrates zircon proved to be the only mineral
suitable for fission track dating. Except for the
somewhat anomalous Nézsa samples its quantity
was rather small : from 200 to 1200 g of bauxite
22 to 105 grains of suitable size zircon crystals
could be separated.

Experimental techniques are described in the
appendix. Due to the expected heterogeneity of
the age of the individual grains, in the first step,
fission track data were graphically evaluated. To
distinguish the populations of different ages and
to evaluate the results, three kinds of diagrams
were used :

1) « Isochron diagram » : it displays the spon-
taneous and induced track densities measured in
the crystals. The slope of the straight lines drawn
from the origin to the measured data expresses
the age (Fig. 4).

2) The « rake diagram » displays the individual
measurements together with the error bars in in-
creasing order. It is especially suitable to distinguish
the populations by means of this diagram ; the
cluster consisting of measurements of different
reliability can easily be evaluated (Fig. 4).
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Fig. 4. Segregation of a younger and an older crystal
population in a bauxite sample from Gant (C-7).

a). Isochron diagram.
Ps : spontaneous

Pi : induced

b). « Rake diagram. »

track density, 10° tracks/cm?

3) « Age spectrum ». This is an evaluation
method applied to FT ages measured on detrital
mineral populations by Hurford et al. (1984). A
Gaussian distribution curve corresponding to the
reliability of data is fitted to the measurements
and then the Gaussian curves are integrated. Ac-
cording to the authors, in the case of mixed popu-
lations, the maxima of the resultant curves denote
the values characteristic of each group (Fig. 5).

Using these diagrams the zircon populations
were grouped and the ages were computed on the
basis of the weighted average of the track densi-
ties measured in the grains.

Typologic classification according to Pupin
(1976) was carried out on idiomorphic crystals.
This method is based on the determination of the
ratio of prism and pyramid faces under the mi-
croscope (Fig. 6). Typological classes of acces-
sory zircon crystals can be fairly well correlated
with granitoids of different genesis (Pupin,
1980). To use the method quantitatively and with
a reasonable reliability, the evaluation of at last
one hundred crystals is usually needed. Since the
case of our bauxite samples this number of crys-
tals was for the most part not available, the re-
sults should be considered as « informative »
only, and the « centers » calculated from the per-
centage ratio of crystals falling into the in-
dividual cells of the diagram (IT and IA values)
serve also for qualitative information only.
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Fig. 5. Probably independent crystal population between
the two main groups of results in Rékhegy, (C-51)
sample. The segregation is represented in two ways :
isochron diagram (a), age spectra (b).

Fission track results

1) In almost all specimens the majority of the
zircon crystals formed a rather young population
of quite uniform age. In some of the specimens,
older grains were also found and these always
clustered around one or two points in the age-di-
agram though their distribution was never as de-
finite as that of the younger population (Table 1).

2) In samples derived from different bauxite
deposits with Eocene cover, the age of the
younger populations shows a very narrow range,
i.e. it falls always between 40 and 50 million
years.

3) Ages measured in older crystals show much
greater dispersion, though some of the data points
generally fall in the range of 200-260 million
years.

4) In the Nézsa samples only the younger grain
assemblage could be identified. Their FT age is
markedly younger than that of all the other baux-
ites of the Transdanubian Central Range.

5) As shown by Fig. 7., the majority of the
Eocene-covered specimens (localities Csordakut,
Gant, [szkaszentgyorgy and Rakhegy) provided
zircon crystals whose ages fall into an extremely
narrow range, proving the homogenity and there-
fore the common origin of the populations.

6) In the case of the Dudar and Nagytarkany
the younger maxima of the age spectrum is asym-
metric. It means that they also contain some
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Fig. 6. The typologic classification of zircon crystals (Pupin, 1976).

grains which are only slightly older than the
main, « young » population. The distinction be-
tween these two is impossible.

Typological classification of the zircon crystals

The crystal morphology of the detrital zircon
grains proved to be rather similar in each of the
studied bauxites. In some of the samples zircons
were always characterized by a particular combi-
nation of crystal forms and in the' samples also
the age spectrum was homogeneous. The results
of the fission track method and the morphometry
correlate fairly well and suggest that of these zir-
con crystals are of monomictic origin. In other

samples where the shape of the euhedral crys-
tals showed either greater variation or was of
double maximum, the age spectra also proved
to be complex (Fig. 7).

The majority of the detrital zircons measured
fall into fields S-7, S-12 (Fig. 6 and 7). Accord-
ing to Pupin this is the area characteristic of
diorites — quartz diorites — tonalites. In the
samples of Gant, Rakhegy and Nagytarkany ;
another maximum, i.e. field S-23-24-25 could
also be distinguished. This is the field for calc-
alkalic granodiorites - monzogranites (Pupin,
1980). He noted that among the non-granitic
rocks the crystals of this type can also be found
in trachyandesites and calc-alkaline rhyolites.
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Origin of bauxites based on zircon typology and FT dating 587

Table 1. Fission track age of detrital zircon grains of bauxites of Transdanubian Central Range

Sign Locality No. of Ns Ni Ps Pi Pd FT AGE (million years)
of data 5 g etereeeeeeeseeesieceieiiiciiiieeeees
prep. Borehole, depth (16° track/cm®) I. II. III.
population population population
C 61 Csordakit 37/37 3345 1883 67 37 1.23 45,6 +- 3.6
Cs-273, 55.2-55.4 m
C 59 Csordakdt 30/30 2545 1285 53 26 1.23 50.5 +- 4.4
Cs-273, 58.5-59.7 m
C7 Gant 45 4753 2752 1.51
Harasztos I. /38 3839 2645 53 36 46.4 +- 3.8
N /7 914 107 124 15 259 +- 56
C8 Géant 22 1987 1304 1.51
Harasztos II. /19 1608 1255 45 35 40.6 +- 4.1
/3 379 49 143 20 231 +- 72
C 50 Gént 23 2140 749 0.84
Ujfeltdrds /21 1930 740 67 25 46.0 +- 5.0
/2 210 9 152 6.5 ~ 410
C 49 Iszkaszentgydrgy 31/31 2941 1130 74 28 0.85 46.8 +- 4.4
1-98
C 51 Rékhegy 27 3497 765 0.83
Rp-90, 86.1-89.1 m /14 1821 623 136 46 50.0 +- 5.7
/4 371 54 146 26 ~ 120
/9 1305 88 182 12 257 +- 60

C 87A Rékhegy Rp-102, 130 m
colorless crystals 13/13 1344 476 111 38 0.79 48.0 +- 6.3

red crystals 20/20 . 3603 243 197 13 0.79 240 +- 37
C 36 Dudar 25 2984 1431 0.92
Du-591, 36.9-44.8 m /20 2204 998 56 25 41.9 +- 4.2
- /3 518 47 . 184 17 203 +- 63
C 37 Nagytérkany 18 1916 454 0.92
Nt-416, 57.0-59.5 m /15 1557 433 96 25 50-70
120 (?)
/3 359 21 178 11 310 +- 140
C 48 Nagytdrkany 22 2608 662 0.85
Nt-3144, 121.6 m /21 2486 652 85 22 50
~ 85 (?)
/1 ~ 210
C9 Nézsa (4) 10/10 818 712 49 39 1.51 35.4 +- 4.3
C 29 Nézsa (B) 30/29 4374 2245 67 34 0.96 38.5 +- 3.3

Fish Canyon age standard 55/55 4962 4642 41 37 1.24 (27.8)

No. of data : Number of investigated crystals.

/ : Number of crystals in sundered populations.

(Number of tracks are in same division.)

Ns, Ni : Number of spontaneous and induced tracks.

Ps, Pi : Density of spontaneous and induced tracks (IO5 track/cmz).

Pd : Density of induced tracks on NBS 962a standard glass (10° track/cm?).
Zircon zeta for NBS 962 determined by Fish Canyon age standard : 415.

Geological interpretation — the crystals are completely intact (un-
rounded/unworn),
A) The majority of the zircon crystals in the — the color of the crystals is always the same ;
studied bauxites are of pyroclastic origin from by typology they fall within a narrow range,
a common volcanic source because : — the FT age of the crystals falls into a very
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Fig. 7. Age spectra of zircon crystals from the studied bauxite samples (left), and the typologic classification (to
the right). The crystal types represented by separate fields are shown by Fig. 6. The pattern of the individual fields
expresses the quantity of that particular type of crystal.

narrow range (something quite improbable when  sequence, as opposed to a contemporary single
supposing the denudation of a uniform igneous  volcanic event),
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Fig. 7. (continued)

— the age of the younger zircon populations
of the Eocene-covered samples is nearly the same
in all the studied deposits even though they are geo-
graphically scattered over a distance of 180 km,

— the younger group of the fission track ages
coincides with or is only slightly older than the
age of overlying Lutetian sequence.

B) The volcanic material could be of an-
desitic, or perhaps even rhyolitic composition.

— Mindszenty et al. (1988) determined traces
of pyroclastics of calc-alkaline composition by
means of microprobe.

— Zircons are rare or absent in basalts ; on the
other hand it is true that the small number of
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dihexagonal quartz grains mentioned from
Hungarian bauxites does not seem to be suffi-
cient to prove the rhyolitic composition either.
— This statement is supported very strongly
by the morphometric results, too. The most wide-
spread classes of S-7, S-12 when compared with
the literature call for a tonalitic (or the equivalent
effusive) igneous formation. The close relation-
ship between the results of typologic analyses on
zircon crystals of Paleogene volcanics of an-

T T
200 Age(Ma)

°/°

B s-10
BB so0-

desitic composition of the Transdanubian Central
Range and of zircons in the bauxites with Eocene
cover, is unambiguous (Fig. 8).

It looks to be proved that the earliest traces of
the subduction-related Upper Cretaceous - Oligo-
cene calc-alkaline volcanism have been pre-
served in the bauxite deposits as the alteration
products of subaerial ash falls. The Eocene cli-
mate and the karstic environnement provided
favourable conditions to bauxite formation from
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a.) b, a, b.)
+
+HH+ [l
+ +
+ HH + + +
HH +
+[[1IT+
I.A. = 327 1.LA. = 313 Fig. 9. Typologic diagrams of zircon crystals from
1. T = 468 1.T.= 401 bauxite drilled at Rakhegy Rp-102 borehole.

Fig. 8. The typologic centre of zircons collected at two
different Eocene andesitic volcanic localities of Hun-
gary, falling into fields S-7 and S-12.

a). Kapolnasnyék, Kny-3 borehole, 1140.2 m, horn-
blende-andesite.

b). Recsk, R-357 borehole, 356 m, metasomatised an-
desite.

this material. The weathering process could have
been quite rapid (bauxites generated in less than
one million years are also reported from lateritic
terrains, Patterson, 1971).

It is worthy of mention, that in the lower-
middle part of the Middle Eocene marine
sequence no traces of airborne or surface-trans-
ported volcanic mineral assemblages could be
identified (Sark6zy-Farkas, 1967 ; Radocz-Ko-
maromy, 1971). Volcanism proper begins later
on in the Late Lutetian only (Dunkl, 1990),
which strongly suggests that there was a brief
break between the burial of bauxite deposits pre-
serving the traces of the early volcanic event and
the onset of the large-scale volcanic activity. The
abundance of ilmenite and zircon in the Eocene-
covered bauxite deposits is probably interrelated ;

a). Colorless to light yellow crystals (FT age of the
group : 48 + 6 Ma).
b). Red crystals (FT age of the group : 240 + 37 Ma).

the major part of the ilmenite grains arrived to-
gether with the zircons as constituents of the vol-
canic ash.

C) Concerning the older zircon populations
showing ages between 200 and 260 million years
it can be stated that :

— old crystals occur in only some of the
deposits. Their greatest amount is found in the
samples of Rakhegy. For example, in the bauxite
sampled from 129.7 m depth in the Rp-102 bore-
hole, all the zircon crystals are idiomorphic, but
according to their color two groups can be dis-
tinguished of the same size. The two groups are
of different typology and show different fission
track ages as well. The colorless to light yellow
population belongs to the Eocene volcanic group
described under B) with typologic fields of S-7,
S-12. The red « old » crystals are characterized
by typologic positions of S-23-24-25 (Fig. 9).

— The range of fission track dates from idio-
morphic crystals producing old ages is the same
as the FT ages of zircons of the Middle Triassic

a. b.) Cc.
+ i
el el el [+
i T s gy B prs
it HE I n i
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I.T =659 1. T.= 655 LT.= 672

Fig. 10. Zircon typologic diagrams of some Middle Triassic trachitic volcanics.
a). Budaors, Kalvaria Hill, green ignibrite pebble.

b). Felsoors, Malom Valley, 1st tuff layer.

c). Felsoors, Malom Valley, 2nd tuff layer.
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tuffs of the Bakony Mountains (Dunkl, 1990).
This probably supports the theory of Szabo &
Ravasz (1970), i.e. in the course of erosion of the
Southern Bakony Mountains, the Ladinian
« pietra verde » formation served as a source
rock for the bauxites.

— The idea of the Ladinian tuffs being poten-
tial source-rocks is proved also by the zircon
morphology. The trachyandesitic composition of
the Middle Triassic volcanites (Szabo & Ravasz,
1970 ; Ravasz, 1973) and the typologic main
point in the S-23-24-25 fields of the old zircon
crystals are in good agreement since, according
to Pupin (1980), crystals of this type of mor-
phology also occur in trachyandesites. The typo-
logic « center » of zircons separated from some
Triassic volcanics of the Transdanubian Central
Range falls into the field S-25 (Fig. 10a, 10b).
Nevertheless, the problem is complex, i.e. one of
the tuff layers of the Felsoo6rs Triassic profile is
characterized by a distinct zircon population of
S-21 position but no zircon crystals of this mor-
phological character were ever found in our
bauxite samples (Fig. 10c).

— I have to admit that in this case mor-
phometry cannot be regarded as a truly decisive
argument since similar zircon grains are found
also in granitoids of anatectic origin. In the
Bressanone area of the Southern Alps anatectic
Hercynian granitoids are known that lie south of
the Periadriatic lineament (Del Moro & Visona,
1982). As to the theory of Kézmér & Kovacs
(1985), the Paleocene - Middle Eocene position
of the Bakony Unit is close to the Bressanone
granitoids. The derivation of the detrital matter
from the south agrees well with the south to north
detrital transport direction determined for the
bauxite deposits occurring along the southern
part of the Transdanubian Central Range (Antal,
1973 ; T-Gecse, 1982 ; Mindszenty, 1984).
These facts are at least not in contradiction with
the supposed sources at the southern side of the
Balaton Line.

— In the course of the typologic analyses no
grains relating to the Velence Granite were
found. In the Velence Granite the zircon grains
are of distinctly different morphology : their ty-
pologic position is P-4-5 characteristic of the al-
kaline sequences (Gbelsky & Hatéar, 1982 ; my
own results), see Fig. 11. This probably means
that the Velence Granite was not yet exposed to
erosion in the Lower Lutetian.

— The highly rounded old crystals closely re-
late to parametamorphics of Vdriscan cooling

1. Dunkl

H

Fig. 11. Zircon typologic diagram of a typical granite
sample from Velence Hills (Tac-1 borehole, 344.3 m).

ages found in the SE and NW flanks of the
Transdanubian Central Range synform and con-
taining zircons of similar age and morphology.

D) Based on age and morphology, the large
number of euhedral zircon crystals found in the
Nézsa samples is identical to the young zircon
crystals of the Transdanubian bauxites ; these are
of volcanic origin. Their FT age younger than in
Transdanubia relates to the later burial of the
Nézsa deposit, i.e. in the Upper Eocene, and to
the admixture of volcanic material which prob-
ably continued also in the Lower Oligocene, as
well. Pyroclastics fallen into a marine environ-
ment formed tuffite layers intercalated in the
Upper Eocene of Transdanubia whereas at Nézsa
the tuffaceous material became bauxitized under
terrestrial conditions and became inundated only
later on by the sea. (It is in harmony with that
the age of cover beds of Nézsa deposit is prob-
ably younger than the Transdanubian deposits.
According to Vadasz (1946) it could be Oligo-
cene, Embey-Isztin (1971) mentioned a Middle
Eocene Miliolina limestone while on the basis of
the stratigraphic charts of Szantner ef al. (1986)
the immediate cover is a Priabonian coal
sequence.)

Conclusions

— Preceeding the Lutetian transgression the
exposed karst terrain of the Bakony Mountains
received ash falls from the first explosions of the
Paleogene calc-alcaline volcanism. The pyroclas-
tic material underwent short transportation and
contributed to the bauxite formation (these re-
sults proved the assumption of Gedeon, 1952).

— The volcanic material was of andesitic,
probably of rhyolitic composition.

— The period of bauxite formation lasted up
till the end of the terrestrial period, i.e. to the
Lower Lutetian.

— In the case of some deposits, the Middle
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Triasic trachyte tuff found in the underlying
sequence served also as source rock.

— It is possible that the weathering products
of certain South Alpine anatectic granitoids also
contributed to the bauxite formation.

— The characteristic zircon crystals of the
Velence granite do not occur in the bauxites
studied.

— OId and rounded zircon crystals relating to
Variscan parametamorphics were also identified
(though in smaller numbers) in the bauxite
samples studied.
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Appendix

The zircon crystals were picked up by needle
from the heavy mineral concentrates, then
embedded in FEP-teflon. The spontaneous fission
tracks were etched with the eutectic melt of
NaOH-KOH-LiOH at somewhat lower tempera-
ture (190°C) than suggested by Zaun & Wagner
(1985). Etching was carried out for different du-
rations in each preparate (27 to 73 hours) ; the
duration was determined by the optimal etching
state of fission tracks and by means of the
widening of polishing cracks. Neutron irradiation
was made at the Technical University of
Budapest. The external detector method was used
(Gleadow, 1981), after irradiation the induced
fission tracks in the mica detectors were etched
by 40% HF for 40 to 60 min. Spontaneous track
counts were made in oil immersion under a Zeiss
NU 2 microscope, with magnification of 1600 ;
in case of mica detectors dry optics of 800-time
magnification were used. Only crystals
embedded parallel to the c-axis, polished down
to 20 microns at least and free of dislocations and
near-surface inclusions were considered.

The age was calculated on the basis of the
weighted average of the measured track density
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proportions, by the zeta-method (Hurford &
Green, 1983). Limits or error are given by using
the classical procedure, i.e. by the double Poisson
dispersion (Green, 1981).

This paper is a contribution to the IGCP Pro-
ject 287/ Tethyan Bauxites.
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