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Drilled in the framework of the National Key Section Programme, bor
ehole Köveskál cut Lower Triassic formations in the 0-378.0 m interval 
and stopped in the Permian Balatonfelvidék Sandstone Formation, in the 
378.0-404.0 m interval (Fig. 16).

B a l a t o n f e l v i d é k  S a n d s t o n e  F o r m a t i o n

The exposed interval (404.0-378.0 m) of the Permian Balatonfelvidék 
Sandstone Formation is mainly constituted by red, medium- to coarse-grained, 
silty quartz-sandstone and dark red siltstone plus argillaceous siltstone. Sand
stone and siltstone alternate cyclically.

The Triassic transgressive sequence rests peneconformably (i.e. with a 
sharp contact, but with no unconformity) on the red sandy siltstone under
neath.

A r á c s  M a r l  F o r m a t i o n

The lower part of the Triassic sequence is represented by the Arács Marl 
Formation (378.0-296.0 m) which is composed of alternating dolomite, dolo- 
marl, sandstone and siltstone and of transitional rock types with such com
ponents as dolomite, silt, sand and clay. The formation as a whole is more 
dolomitic than in other parts of the Balaton Highland or borehole Alcsútdo- 
boz 2.

At the base of the Triassic sequence there is a sandstone bed (378.0- 
375.5 m) that can also be identified in a number of Balaton Highland profiles. 
It is overlain by the mainly dolomitic Nádaskút Dolomite Member, much 
thicker than in other profiles (375.5-331.0 m).

The upper interval of the formation is constituted by alternating dolo- 
marls and siltstones with dolomite intercalations, corresponding to the Arács 
Marl Member (331.0-296.0 m).

The profile of the borehole, its subdivisions, petrographical and composi
tional characteristics, the microfacies types and the facies curve are given in 
Fig. 17.

Facies interpretation

The Arács Formation consists of shallowwater marine and occasionally 
intertidal, and even supratidal deposits, often affected by early diagenetic 
changes.
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Table 1

Microfacies system of borehole Köveskál 9

1 Silidclastic jades group 2 Dolomite fades group 3 Bioclastic facies group

Siltstone — sandstone
Silty dolomite

Bioclastic wackestone— 
packstone

Detrital dolomite

Microlaminated siliciclastic 
and dolomitic facies Dolomicrite

Biocalcarenite packstone— 
grain stoneOöidal dolomierosparite

Fine-clastic —dolomite silt 
facies Dolosparite

The sandstone member distinguishable at the base of the formation sug
gests, with ripple-marked bedding planes, intertidal [or possibly shallow sub- 
tidal position. Most of the sand and clay may have arrived to the basin from 
the Permian rocks of the shoreline.

The water probably had low salinity, though occasional and local evapor
ation may have added to its salinity. The climate was warm, but more humid 
than the Permian climate.

The Nádaskút Dolomite is made up of sediments deposited in the inter
tidal zone and in subtidal environments. The dolomite and quarz silt making 
up the lower part of the member seems to have been deposited near the lower 
boundary of the intertidal zone. An increase in salinity, a more direct marine 
communication, is suggested by the marine organic microplankton appearing 
at 364.3 m. Above 356.0 m, the subtidal deposits become important, too. 
At the same time, there is an increase in the organic content of the rock 
as well. Valves of claraia appear at this interval forming lumachelle-like accu
mulations. In addition, the benthic foraminifera Cyclogyra mahajeri and skel
etal elements of Crinoidea can be detected, too. These organisms lived in a 
shallow marine environment of normal salinity, but they seem to have been 
accumulated and buried in the coastal zone or on off-shore shoals.

The dolomarl appearing in the uppermost part of the Nádaskút Dolo
mite Member, in turn, was deposited in the subtidal zone under permanent 
water cover. The crinoidal calcarenite seems to have undergone a nearly 
syndiagenetic dolomite cementation, but the process was not of sabkha type, 
as the echinoderm elements were not dolomitized.

The dolomite-intercalated dolomarl-siltstone beds of the Arács Marl For
mation were deposited mainly in the intertidal zone. This is suggested by the 
frequent presence of microlamination, ripple marks, wavy bedding and by the 
vertical and U-shaped burrows. The thin dolomite interlayers seem to have 
been formed by the dolomitization of organics-rich lime mud deposited in 
temporary near-shore basins.
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The rarely observable bioclastic intercalations and bivalve-lumachelles 
appear to indicate a wave-agitated shoal environment.

Observed in the upper part of the member, the intraformationally brec- 
ciated dolomite may have been deposited in a supratidal environment and 
have been dolomitized early diagenetically.

H i d e g k ú t  F o r m a t i o n

In this profile too, the Hidegkút Formation (296.0-222.0 m) is composed 
of two, fairly distinguishable units—a lower, overwhelmingly siltstone member 
(Hidegkút Sandstone) and an upper dolomitic member (Hidegkút Dolomite).

The Hidegkút Sandstone Member (296.0-251.0 m) is rather uniform red 
siltstone of comparatively low dolomite content with no dolomite or bio- 
clastite intercalations. At 295.8 m, as a very thin interlayer, a lumachelle or 
“ gastropodal oolite”  composed of gastropod shell remains (0.3-0.6 mm 0 )  
with a sparry-dolomitic cement of varying crystal size, was discovered (PI. 
XXVII, 3).

The Hidegkút Dolomite Member (251.0-222.0 m) is represented by dolo
mite over almost the whole of its vertical span, being interrupted merely by 
a few thin silt intercalations.

Facies interpretation

The so-called “ gastropodal oöid” at the lower boundary of the Hidegkút 
Sandstone was formed in the heavily agitated near-shore zone or on the shoals 
along the off-shore margin of the lagoon.

The red, clastic sediments constituting the member were deposited in a 
marine environment. This is evidenced by the abundant ichnofossils and the 
organic microfacies.

Although probably deriving, for the most part, from Permian red sedi
ments that were exposed in the source area, the Hidegkút Sandstone (and 
subsequently, the red sediments of the Csopak Marl too) owe their red colour 
to the non-reductive conditions (in the present case, to the scarcity of organic 
matter production) that prevailed in the sedimentary basin and and that hel
ped in preserving the red colour.

Throughout the member’s span, sediments deposited on a quiet bottom 
unaffected by wave action, alternate with ripple-marked sediments. The close
ness of the shoreline is suggested, in terms of W . E. Parham’s diagram 
(in P. E. Potter-J . B. Maynard-W . A. Pryor 1980, p. 184) (Fig. 23), by 
a constant in the abundance of kaolinite, as compared to illite, in both the 
Hidegkút Sandstone and the Arács Marl (Figs. 19 and 21).

The red siltstone at the top containing evaporite-filled large vugs, pre
viously perhaps filled with anhydrite nodules, seems to have been deposited 
in the supratidal zone.

The lithologically uniform dolomite beds of the Hidegkút Dolomite Member 
were probably deposited in the subtidal zone (lagoonal dolomite type). The 
intraclasts are fragments of sediment that were stirred and torn away by 
storm-waves. The terrigenous inflow has considerably declined as compared to 
the lower member.
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C s o p a k  M a r l  F o r m a t i o n

The Hidegkút Formation is overlain, with no interruption in sedimenta
tion, by the Csopak Marl Formation that is made up of silty marls with 
limestone interlayers and lenses. In terms of rock colour and lithofacies, it can 
be split up into three intervals.

The lower interval of the Csopak Marl Formation (222.0-178.0 m) is made 
o f argillaceous silt and silty grey claymarl. The alternation of lighter silty and 
darker argillaceous laminae (beds) is a general characteristic o f the Formation.

Made up overwhelmingly of marl rock types, the sequence is frequently 
interrupted by 5-15 cm thick limestone and dolomitic limestone intercalations 
and interbedded layers/lenses of calcareous bioclasts (Pl. XIV, 1).

In the middle interval (178.0-127.5 m) the silty-argillaceous-silty litho
logy continues, being interrupted in a good many horizons by thin, 5-15 cm 
thick biocalcarenite intercalations. The main difference as compared to the 
lower interval is due to a change in rock colour (turning red in the middle 
interval) and to a reduction in the carbonate content of the marl.

The upper interval (127.5-69.0 m) also consists mainly of siltstones. The 
interbedded biocalcarenite layers are common throughout the upper interval, 
locally attaining greater thickness (max. 20-50 cm). Between 100.0 and 69.0 m, 
glauconitic biocalcarenite-grainstone intercalations are the typical ones (PI. 
XIV, 3).

The calcareous intercalations are of white-greyish-white colour, the silt- 
stones being light grey to greenish-grey.

The topmost part of the Csopak Marl Formation (69.0-57.0 m) shows 
already characteristics typical of the transition to the Aszófő Dolomite For
mation. The grain size of the terrigenous component and the dolomite content 
of the rock show a gradual increase upward. The biocalcarenite intercalations 
disappear completely, and, between 62.1 and 58.9 m, some oöidal dolomite 
interlayers appear however.

Facies interpretation

The Csopak Marl Formation was deposited in a seawater of normal sali
nity, mainly beneath the zone of wave action, though, from time to time, a 
shoal environment of high water energy was also involved. Of the studied 
Lower Triassic formations, the Csopak Marl is that which, taken all in all, 
comprises the most open marine and off-shore deposits. As compared to the 
Arács Marl and the Hidegkút Sandstone, in which kaolinite was predominant 
in the clay mineral spectrum, in the Csopak Marl its predominance is replaced 
by that of illites and some chlorite is associated as well (Fig. 26). This 
phenomenon, in terms of the W. E. Parham (1966) diagramme, may suggest 
a more off-shore sedimentation (Fig. 23). According to observations in modern 
sediments, the appearance glauconite in the biocalcarenites, though indicating 
primarily a slow sedimentation, is a mineral formed in deeper (and colder) 
waters (D. H. Porrenga 1967) and it may be formed in the zone of 
biocalcarenite accumulation as well (Ph . H. Heckel 1972, p. 254 and upper 
profile in Fig. 41).

The lower interval of the formation is characterized by frequent alterna
tion of agitated environments with nonagitated ones, the middle one by the
m
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predominance of quiet water sedimentation, whilst the upper interva! is 
characterized by the higher frequency of deposits of an agitated environment, 
and the episodical appearance of intertidal deposits.

The brownish-grey, dark-coloured, fine-grained, argillaceous, organic- 
rich beds seem to have been deposited in the subtidal zone, in a well-protected 
lagoon, in a reductive environment. The interbedded, thin, crinoidal, fora- 
miniferal calcarenites may indicate a shoal environment.

The homogeneous red, fine-grained rock types of the middle interval 
were formed beneath the intertidal zone, while the interbedded biocalcarenites 
indicate, here too, the environment of shoals affected by strong water 
agitation. The bulk of the sediment is of red colour here. It derives probably 
from redeposition of Permian deposits into the sedimentary basin. Due to 
limited accumulation of organic mattéi secondary reduction and change in 
the colour did not take place.

The abundance of biocalcarenite intercalations and, in the clastic beds, 
the features suggestive of stronger wave agitation in the upper interval 
seems to indicate sedimentation at the base of wave action or within the 
intertidal zone. Higher up the profile (up to 70.0 m), the features suggesting 
the proximity of the shoreline are getting stronger and, then, above 70.0 m, 
there is a rapid change, as the bioclastic sedimentation is replaced by fine 
clastic-sandy deposition without any effect of wave action.

Appearing in two horizons, the oöids represent a new regime of a periodically 
stronger wave action, i.e. a shallow-water environment, in the topmost part of 
the formation.

A s z ó f ő  D o l o m i t e  F o r m a t i o n

The Aszófő Dolomite Formation (0-57.0 m) is represented by yellowish- 
grey, light grey, locally porous, in other places pulverulent, dolomite. The 
share of terrigenous material is very low, generally less than 10%.

Facies interpretation

Only the lower interval (57-44 m) of the formation can be interpreted 
palaeoecologically. The microfossils suggest a near-shore water-covered envi
ronment. In terms of the biofacies, the water should have been normal saline 
(probably with a subsequent transition to a supersaturated lagoon). The dolo
mite formation may be explained by a lagoonal dolomite sedimentation model.


